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NOT ICE : The proj ect that i s  the subject  of thi s  report was approved 
by the Governing Board of the National Research Counci l , whose membe rs 
are drawn from the counci l s  o f  the Na tiona l Academy o f  Sciences , the 
Nat iona l Academy of Engineering , and the Ins t i tute of Medi cine . The 
members o f  the commi ttee respons ible for the report were chosen for 
thei r  specia l competence & and wi th regard for appropr ia te balance . 

Thi s  report has been reviewed by a group other than the authors 
according to procedures approved by a Report Review Commi ttee 
consi s t ing of members of  the Nationa l Academy of  S ciences ,  the 
Nat iona l Academy of Engineering , and the Ins t i tute of Medicine . 

The Nat iona l Re search Counc i l  was e stab l i shed by the National Academy 
o f  Sc ience s in 1916  to as sociate the broad community of science and 
technology with the Academy ' s purposes of furthering knowledge and o f  
advis ing the federa l government . The Counc i l  opera te s i n  accordance 
with genera l policies determined by the Academy under the authority o f  
i t s  congressiona l charter of 1863 , which e s tabli shes the Academy as a 
private , nonpro fit , self-governing membership corporat ion. The 
Counc i l  has  become the pr inc ipa l ope rat ing agency of  both the Na tional 
Academy o f  S c iences and the Na tional Academy of Engineering in the 
conduc t of the i r  service s to the government , the pub li c , and the 
sc ient i fic and engineering communities . It i s  adminis tered j oint ly by 
both Academie s and the Inst i tute of Medic ine . The Na t iona l Academy of 
Engineering and the Ins t i tute of  Med ic ine were e s tabl ished in 1964 and 
1970 , respe c t ively , unde r the charter of the Nat iona l Academy of 
Sc iences . 

These proceedings have been prepared by the Board on S cience and 
Technology for Internationa l Deve lopment , Off ice of Internat iona l  
Af fairs , Na t iona l Re search Counc i l , for the Bureau for Sc ience and 
Technology , U . S .  Agency for Inte rnat iona l Development , Washington, 
D . C . , under Grant No .  DAN-5 538-G-SS-1023-00 , Le t ter o f  Agreement 
No . 1 9 .  
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Board on Sc ience and Technology 
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Nat iona l Research Counc i l  
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Preface 

Re cent re search in ce l l  biology , mo lecular gene t ic s ,  recombinant DNA, 
and related fields appears to be laying the groundwork for important 
techno logical deve lopment s .  The research areas range from those 
requiring very complex and expensive laboratory techniques and 
equipment to those tha t are within the capac i ty of re lative ly modes t  
laboratories . 

The re sult ing technologies are l ike ly to have a maj or  impac t  on a 
variety of economic activi t ie s  invo lving food , chemistry ,  
pharmaceut ica l s ,  and energy and environment . The re are a l s o  l ike ly t o  
b e  s ignif icant indus trial app l icat ions through new produc ts and 
processes . Through d irec t  part i c ipat ion, or through the impac t o f  
work done e l sewhere , deve loping countries w i l l  fee l  the e ffect o f  
these new deve lopments i n  s c ience and techno logy ove r the coming years . 

In early 1982 , the Bureau for Sc ience and Technology of the U . S .  
Agency for Internat ional Deve lopment (AID ) , recognizing that important 
deve lopments are taking place in biotechnology research , asked the 
Board on Sc ience and Techno logy for Internat ional Deve lopment ( BOSTID ) 
o f  the Nat ional Research Counc i l  to convene a workshop as early as  
pos s ible in 1 982 to assess the implications o f  the "new biology" for 
i t s  programs and to recommend priori t ies  for support in 
biotechnological f ie lds re lated to internat ional deve lopment . Th i s  
workshop was he ld July 26-30 ,  1982 , i n  two stages . 

For the first  s tage , an open meet ing was convened July 26-2 7 at 
the Nationa l Academy of  Sc iences in Wash ington , D . C . , to addre ss the 
s tate of the art of the new bio logy . Overviews of deve lopments in the 
fie lds o f  agriculture , hea lth , and energy were pre sented , fo llowed by 
panel discuss ions that inc luded both U . S .  and Thi rd World 
partic ipant s .  Thi s  sess ion was a t tended by 1 7 5  workshop part icipants , 
observers , and members of the news media . 

v 

Copyright © National Academy of Sciences. All rights reserved.

Priorities in Biotechnology Research for International Development:  Proceedings of a Workshop
http://www.nap.edu/catalog.php?record_id=19581

http://www.nap.edu/catalog.php?record_id=19581


. 
l 

The second stage of the workshop , held July 2 7-30 at Coo l font 
Conference Center in Berke ley Springs , West  Virginia , drew together 
7 5  invi ted part ic ipant s and observers in sma l l  working groups . The 
results  of these deliberat ions , which take the form of recommended 
priori t ies  for programs that migh t  be undertaken by AID and o ther 
donor agenc ies in support of b iotechno logy activi ties related to 
agricul ture , hea l th , and ene rgy and international deve lopment , are 
presented in the se proceedings . 

Participant s in the opening sess ion o f  this workshop were 
we lcomed by Wal te r  A.  Rosenb l i th ,  fore ign s ecre tary of the National 
Ac ademy of  Sc iences , and workshop chairman Robert H .  Burris , 
Department of Biochemistry ,  Unive rs ity of Wi scons in . In add it ion, 
they heard brief remarks by M .  Pe ter McPherson, adminis trator o f  the 
Agency for International Deve lopment , and Ny le C .  Brady , senior 
assis tant administrator , Bureau for Sc ience and Technology , Agency for 
Internat iona l Deve lopment . Academy Pre s ident Frank Pre ss opened the 
second day of the workshop . 

Keynote addre sses were given by Nobe l Laureate David Bal t imore , 
director of the Whitehead Ins titute and profes sor of biology at the 
Massachusetts Ins titute of Technology , on "Pr iorities in 
Biotechnology" ; and M.  S .  Swaminathan , d irec tor general of the 
Internat ional Rice Research Ins t i tute , Los Banos , Ph i l ippine s ,  who 
spoke on "Perspectives in Biotechnology Research from the Po int of 
View of Third Wor ld Agricul ture . " 

vi 
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Summary of Recommendations and Conclusions 

VACCINES 

Infect ions are a maj or cauae of human and animal morb idity and 
morta l ity in deve loping countrie s .  Although poverty , chronic 
undernutri t ion, i l l iteracy , lack of  med ical care , and contaminated 
water and food all contribute to the spread of infectious organiama , 
immunizat ion remains one of the moa t  economical meana of prevent ing 
speci fic d iaeaae a . Overa l l ,  vacc inee offer immense bene fit for 
comparat ive ly low coa t ,  a primary cons iderat ion for decis ion makers in 
deve loping countrie s .  

Th i a  working group uaed three cri teria t o  determine which animal 
and human diaeaaea shou ld receive priority for new or additional 
vaccine re search ·and deve lopment funded by the u.s. Agency for 
Internationa l Deve lopment (AID) and other b i lateral and mul t i l ate ral 
donora . A fourth cri terion waa added which waa spec i f ic e i ther to 
human or animal diaeaae a .  The criteria cons idered for each d iaeaae 
are : 

• Current vacc ine atatua , baaed upon the ava i lability of an 
e ffective , inexpensive , aafe vacc ine 

• Feasib i l i ty of biotechnological approaches to deve loping a 
be t ter , cheaper , and safer  candidate vacc ine within the next 
5 yeara 

• Current funding for vaccine re search and deve lopment--whether 
avai lable or l ike ly to be ava i lable in suf fic ient amount s 
from aourcea  other than AID ( for example , Wor ld Hea l th 
Organizat ion , Nationa l Ina t i tutea of Hea lth , pharmaceutical 
companie s ) . Thia cri terion waa cons idered in re lat ion to the 
re lat ive importance of the di aeaae in deve lop ing countrie s .  

• Public health s ignificance [ for human d iaeaae a ]  aa measured 
by inc idence ; prevalence ; morbidi ty ; mortality ; or severity 

• Economic loaaea [ for animal diaeaae a ]  in terma o f  l ives tock 
product ion or decrease in avai labi l i ty of animal protein .  

- l -
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the following sections identify eight hu.an and four ani.al 
diseases as well as one zoonotic disease (affecting both hu.an and 
ani.als), which have been selected and recom.ended as high priority 
for new funding. 

au.an Diseases 

Rabies (Human). Rabies is a fatal disease that continues to be a 
serious problea in sa.e developing countries. Although vaccination is 
part of the post-exposure treat�nt, current vaccines have 
undesirable, dangerous side effects. Research in this area should be 
directed toward: 

• Development of a better, cheaper, and safer vaccine for pre
and post-exposure treabaent. In the �anti�, AID and other 
donors should encourage production of rabies vaccine in 
developing countries. 

• I.provement in production techniques of current vaccine 
strains to lover costs 

• Continued use of genetic engineering to clone the viral 
glycoprotein and test it as a vaccine 

• Organic synthesis of peptide& for vaccine development. 

�· Dengue fever and associated hemorrhagic syndromes are 
caused by four closely related viruses (designated dengue serotypes 
1, 2, 3, and 4 ) that are transmitted chiefly by Aedes aegypti 
mosquitoes. The disease is highly endemic in tropical Asia and 
certain Pacific islands and endemic in Central and South America aod 
the Caribbean region. An effective vaccine would have to confer 
immunity to all four virus serotypes. Research in this area should be 
directed toward: 

• Development of vaccine based upon viral surface glycoprotein& 
using molecular cloning. 

Japanese Encephalitis. Large outbreaks of Japanese encephalitis 
have occurred in Southeast Asia, as well as epidemics during the last 
decade in Thailand, Burma, and India. Research in this area should be 
directed toward: 

• Identification, characterization, and production by 
biotechnological techniques of the protective antigen of the 
Japanese encephalitis virus 

• Studies of the efficacy of this glycoprotein product as a 
human vaccine. 
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Bacterial Respiratory Dis eases . The primary bacterial 
re sp iratory diseases in man are caused by Streptococcus pneumoniae, 
Hemophi lus influenzae Type B, and Bordete lla pertus sis .  These 
bacteria are a maj or cause of morbidity worldwide in chi ldren under 
5 years of age . Research in this area should be direc ted toward : 

• Improvement o f  existing vaccine s  for pneumonia and pertussis 
by standard vac c ine methods and the use of biotechnology 

• Deve lopment o f  a vaccine for H .  influenzae Type B using 
biotechnology; there are specific needs in the areas of 
immunopotentiation and carrier-hapten pre sentation.  

Bacteria l Enteric Diseases,  The se are a major cause of chi ldhood 
mortality in large areas o f  the world where rehydration therapy is not 
provided promptly . Research in this area should be directed toward : 

• Improvement o f  experimental vacc ines for Campylobacter 
jejuni, Escherichia col i, Salmonel la, Shigel la, and V ibrio 
cbo lerae by standard methods .  

• Deve lopment of def ined, lethal delet ion mutants of pathogenic 
enterobacteria . Such mutants serve as exce llent immunogen& 
because they do not need to be inactivated and yet are 
innocuous because they cannot replicate . 

• Deve lopment of b ioengineered prote in vaccines as baa been 
done for enterotoxigenic E .  co l i  diseases of neonata l pigs 
and calve s .  

- ----

Ch lamydial Infections . A widespread_ pub l ic health problem in 
many deve loping countries, chl amydial infections are the lead ing cause 
of  b l indnes s  ( trachoma) . Ch lamyd ia app . resemb le bacteria but 
reproduce only within living animal cells . Infection is spread by 
fl ies, through contact with ocular discharges, or through sexual 
contact . Adults may deve lop urethritis or conj unctival scarring, 
whi le babie s c an deve lop pneumonia or severe conj unctivitis . 

Chemotherapy i s  ava ilable to treat individual cases but i s  
cumbersome and expens ive t o  administer . Post-infection immunity has 
been shown in humans, and some investigators now believe that immunity 
i s  cel l-mediated . No vacc ine i s  avai lable, although a monoc lonal 
antibody diagnostic teat for Chl amydia trachomatia may soon be 
prepared commerc ial ly . Research in thi s  area should be d irected 
toward : 

• Basic  identification and characterization of c andidate 
immunogenic antigens of Chlamydia trachomatia and £• paitticae 

• Production of candidate protective antigens using 
biotechnological approache s .  
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Malaria . Malaria i s  the moat important infe c tious disease in the 
world today . No vacc ine i s  currently available . Research in thi s  
area should b e  directed toward : 

• Identification � characterization, and molecular c loning of  
Plasmod ium falc iparum gamete , erythrocyte , and sporozoite 
antigens , which are candidate protective immunogena, us ing 
biotechnological methods 

• Bas ic re search on P .  malarie , P .  ovale , and !• � for 
ident i ficat ion of  specific  antigens:--

Leishmaniasis . Kala-azar (visceral leishmaniasi s )  and cutaneous 
and mucocutaneous le ishmanias is  are aandfly-tranamitted protozoan 
d iseases with gro s s ly underestimated pub l ic health importance in South 
America , Africa , and the Midd le East . Research in this area should be 
d irected toward : 

• Identification and c loning o f  antigens o f  Leishmania 
varietie s .  

In addition , the working group recommended that : 

• A targe ted research effort aimed at vacc ine deve lopment 
util izing biotechnology be funded for each of the above 
high-priorit� disease s .  Such a research ef fort would 
invo lve : (1 identification and characterization of  
immunogenic antigens , ( 2 )  synthes is and production of such 
antigens through biotechno logy , and ( 3 )  formulation of a 
candidate vaccine suitable for tes t ing. 

• This targeted re search be conducted in collaboration with 
sc ienti sts from deve loping countries . A maj or advantage of 
biotechnology and genetic engineering i s  that they do not 
require highly s ophisticated laboratory equipment; for the 
moat part , we l l-equipped , c linical laboratory fac i l ities wi l l  
suff ice . However , such an ef fort w i l l  require an 
interdisciplinary team,  re l iable laboratory reagents , and 
appropriate animal fac i l ities for testing . Few developing 
countries possess  the capab i l ity to produce prom1a1ng 
laboratory antigens in quantities suffic ient for early 
c linical test ing and subsequent mass  production. In 
addit ion , re liab le qua l i ty control for vaccine production is 
lacking in many part s of the world . 

• Training be an integra l part of the col laborative research 
e ffort . The key requirement for research and deve lopment of  
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new vacc ines is trained , experienced sc ienti sts . Both 
long-term graduate work for deve loping country sc ienti sts in 
deve loped country universities and short-term training in any 
appropriate site are equa lly important for the trans fer of  
knowledge and techniques .  

Anima l Diseases 

Neonatal Diarrhe a .  This disease complex af fects swine and cattle 
and is  caused by bacterial as we l l  as viral agents . Research in thi s 
area should be d irected toward : 

• Deve lopment of  vaccines for enterobacterial and vira l 
diarrhea agents . Enterobacterial agents should be emphasized 
given the current re search support for vira l d iarrheas . 
Biotechno logical  approaches promise va luab le new immunogen& 
in each of these categories and concomitant new antigens for 
use in diagnostic tests . 

Bacteria l Respiratory Di sease . This disease complex is  the 
s ing le most important cause of morb idity , mortality ,  and economic loss 
in all l ivestock in the deve loped and deve loping world . Research in 
this  area should be directed toward : 

• Identificat ion and characteri zation o f  the s ignificant 
immunogenic antigens of Pasteure l la hemolytica , !· multoc ida , 
and Bordete l la bronchiseptica 

• Production of such immunogens by bio- or organic synthe s i s .  

African Swine Fever (ASF ) .  ASF i s  endemic i n  several African 
countries , Spain,  and Portugal , and results in severe economic 
los ses . Research in this  area should be d irected toward : 

• Vacc ine deve lopment using b iotechnology . It is  conceivable 
that vaccines can be deve loped, but additiona l information is  
required on  the immunology of the d isease , the biology and 
molecular properties of the virus , and its etiology . 

Hemotropic Diseases of Animals ( Specifica l ly Babesiosis and 
Anaplasmosis ) .  Hemotropic disease s of l ivestock are maj or impediments 
to the economic production of meat , mi lk,  and fiber in many parts of 
the deve loping world . Research in this area should be directed toward : 

• Isolation , characterization , and production of protective 
antigens using biotechno logical approaches .  
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Zoonotic Disease 

Tuberculos i s  (Mycobacteria) . Tuberculosis  ( TB )  i s  highly 
prevalent wor ldwide . The major economic impact of this  d isease on 
l ivestock produc t ion is compounded by i ta zoonotic imp licat ions . 
Research on thi s  disease should be directed toward : 

• Deve lopment of improved d iagnostic tools  to dist inguish in 
humans BCG (Bac i l le Calmette Gu�rin) vaccine reactions from 
those re sult ing from infection 

• Improved product ion of TB-apecific  antigens, inc luding 
purificat ion of PPD ( purified protein derivative )  

• Assessment of the e f ficacy of BCG vaccine current ly in use 
• Deve lopment of an e ffec t ive vaccine, inc lud ing b io- or 

organic synthe sis  of the immunogen , that can be used in areas 
of high inc idence ( especially in animals ) in deve loping 
countrie s .  Such a vaccine is desirab le but not considered a 
near-term pos sibility . 

ANIMAL PRODUCTION 

Worldwide, animal products  contribute over 56 mi l l ion tons of  
edible  protein and ove r 1 bill ion megacalories of energy annua l l y .  
With ita high b iological value, t h i s  protein is  equivalent to  more 
than 50 percent of the protein produced from all  cerea ls, yet the 
proport ion of research funds current ly going to animal product ion i s  
less  than 15  percent of the total for agriculture . The role o f  
biotechno logy in animal produc tion i s  large ly one o f  supplying tools  
to  ass i s t  anima l producers with breeding, health ,  and nutrition . 

This  working group ident ified the fol lowing research goal s  within 
four broad areas : genetics , reproduction ,  nutrit ion , and health . 

Genetics  

Manipulat ion of  gene t ic material and i ta exchange among countries 
have become important means of upgrading animal produc tion.woridwide . 
Gene tic research goals  deserving the highest priority inc lude : 

• Demons tration of germ plasm trans fe r (embryos and semen) 
without risk of transmit t ing disease 

• Identif ication and trans fer of germ pl asm assoc iated with 
res istance to disease and heal th prob lema 

• Determinat ion of gene tic markers to ident i fy or increase 
superior germ plasm from indigenous species . Us ing 
monoclonal antibody technology wi l l  speed up the process  of 
gene t ic s e lection. 
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• Identification of genetic fac tors re lated to production and , 
particularly , to puberty , morbidity , and pro l i ferance 

• Storage (us ing cryopre servation and s imi lar techniques )  and 
c las s i fication of germ p lasm on a worldwide species bas i s .  
Germ plasm banks representing exotic and endangered species 
should be e stab l ished as soon as pos sible in the d i fferent 
ecological zone s .  

Reproduction 

The fol lowing re pre sent immediate re search needs in the area o f  
animal reproduction : 

• Use of  ova trans fer as a tool for improving l ive stock 
production within the shorte s t  time poss ible and for 
contro l l ing disease . Aspects of  this  research are 
cryopreservation and transportation , twinning and s ing le 
b irth , superovulation , maturation of oocyte& in vitro , oocyte 
fus ion and sexing , cloning , uni sex parentage ,-and ____ _ 
interspecies trans fer. 

• Reduction of embryo wastage in superovulat ing species 
• Deve lopment and use of alternate methods for semen 

pre servation and handl ing in artificial  insemination as we l l  
a s  study o f  seminal physiology , fertility , and aspects of 
d isease contro l through arti ficial insemination 

• Use of monoc lonal antibodies for improving d isease diagnostic 
techniques ,  vaccine production , ova transfer , and semen and 
embryo sexing 

• Study of  testicular hypertrophy 
• Improvement of reproductive management in developing 

countrie s .  

Nutrition 

Improving the nutrition of ind igenous animals in deve loping 
countries is of great importance . Because many deve loping countries 
import anima l feed , methods for greater uti l ization of  local biomas s 
and by-products  for animal feed must be deve loped . It would thus be 
use ful to integrate the re search e f forts on animal production with 
those-of agronomi sts , range scientists , i rrigation spec ial i sts , soil  
sc ientists , and economists . 

Important research areas in nutrition include : 

• Natural range management in tropical areas 
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• Methods to identi fy chemical inhibitors in plants to permit 
more e f ficient use of ind igenous fodder species 

• New or more e ffective uses of local b iomass and feedstuff 
res idues such as aquatic weeds, cereal sta lks, and grain 
mil l ing by-products and ens i lage (particularly by-products of 
biomass energy proj ects such as the leaves and stems of  trees  
and shrubs, as  we l l  as stil lage and fermentation res idue s ) . 
The ent ire p lant must be c onsidered for human and anima l 
use . Plant breed ing programs must cons ider the e ffects of a 
plant ' s  l ignin, s i l ica , and tannin content on its va lue as an 
animal feed and an energy source . 

• Methods of evaluating plant ce l l  usabil ity by d i fferent 
spec ies 

• Feeding strategies for local areas . Through knowledge of  
feeding behavior of anima ls, the be st complementarity of 
animal and p lant ecosystems for most efficient use c an be 
identified as we l l  as constraints within ecosystems such as 
chemical inhibi tors that affect uti lization of p lants by 
anima l s .  

• Needs for a balanced d iet to improve overal l  nutritional  
efficiency.  Projects in this area are we l l  suited to  a 
multidiscipl inary approach. 

Health 

Animal losses from d isease are a maj or concern o f  l ivestock 
producers in developing countries . Based on world prior ities , 
spec i fic d i seases that merit additional research inc lude : 

• Paras i t ic diseases : babesios is  and anap lasmos i s ,  
thei leriosis  (East Coast fever) , and trypanosomias is  ( number 
one priority in Africa) 

• Intestinal parasites , inc luding f lukes 
• Vira l  diseases : African swine feve r ,  foot-and-mouth disease, 

goat catarrhal fever, Gumboro d isease in poultry , hog 
cholera , rabies , Rift Va lley fever , and rinderpe st 

• Bacterial disease s :  bruce llos i s ,  buffalo neonatal 
polyarthritis ( important in As ia ) , contagious bovine 
pleuropneumonia , leptospiros is , mastitis , streptothricos i s  
( important in West Africa ) ,  and tuberculos i s .  

Two general recommendations were a l s o  made : 

• It is  recommended that AID and other donors give priority in 
support to : 
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Verification of the ability to trans fer embryos and semen 
be tween geographic regions without risk of transmitting 
disease 
Es tablishment of  embryo replication capabi lities in 
deve loping countries 
Use of genetic markers for animal production using 
monoc lonal antibody techniques . 

• Because few re search ins t i tut ions in deve loping countrie s 
have begun to use new biotechnological procedure s ,  i t  i s  
recommended that a care ful process of  ident i fying the most 
useful and productive technologies and re lated manpower and 
training needs for local requirements be undertaken . Thi s  
w i l l  involve : 

Workshops on priorities and implementation strategies 
Participation in conferences by prospec tive researchers 
and trainees 
Technic ian training through short courses 
Longer term research manpower deve lopment at the graduate 
leve l .  

MONOCLONAL ANTIBODIES 

Antibodies ,  protein mo lecules produced by certain c e l l s  in the 
body , are a basic constituent of animal and human disease-f ighting 
immune sys tems . In 1 9 7 5 , a new era in immunology was launched with 
the discovery of the hybridoma technique , a method for creating pure 
and uniform antibodies against a spec i f ic targe t .  App lication of this 
technology has provided a breakthrough in the methods available for 
ana lysis  of the antigenic composition of microorganisms , for rapid 
diagnosis , and to aid in the development of vaccines . The technology 
af fords an opportunity to make important advances in understanding the 
d i seases of  humans , animals , and plants with greater spe c i fic ity , 
speed , and at reduced cost. The technique itself  is re lative ly s imple 
a nd straightforward to use and can be readi ly deve loped and made 
avai lable for use in deve loping countrie s .  

Human Hea lth 

Many d i seases sti ll lack adequate or e f fective d iagnostic 
reagents , resulting in continued high morbidity and mortal ity among 
populations . Some o f  these disease s are found worldwide whi le others 
are specific to deve loping countrie s .  
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• It is therefore recommended that means be provided to 
acce lerate and expand the capability of developing country 
institutions to prepare or use monoclonal antibodies as 
diagnostic reagents . Priority should be given to deve loping 
antibodies for use in diagnosis or detec tion of the fol l owina 
diseases or pathogens : 

Bacterial : Hemophilus , Mycobacteriua tuberculosis, 
Pneumococcus , Streptococcus,  !• coli, Salmonel la, 
Shige l la, Campylobacter jejuni 
Me tazoan : cysticercosis /hydatidosis 
Protozoan : ascariasis, amebiasis, echinococcosis, 
filariasis , malaria, schistosomiasis, toxoplasmosis 
Viral : equine encephalitis, German meas les, hepatitis. 
hepatitis B virus , herpes II , influenza, rabies .  

Among a l l  the medically important viruses, hepatitis B virus 
( HBV ) can be sing led out as one of the most important to mankind . In 
many deve loping countries of As ia and Africa, this virus is present in 
up to 60 percent of the population and may lead to the deve lo�nt of · 
viral hepatit is  and hepatocel lular carcinoma . Thus control of this 
disease is a goal of many deve loping countries . 

• It is therefore recommended that hi&h priority be given to a 
feasibility study of the establishment of tvo monoc lonal 
antibody centers , one in Asia and one in Africa .  As one o f  
thei r  major goals , these cente rs should seek to produce 
monoc lonal antibodies against the HBV antigens for use in 
study of the epidemiology of HBV infec tion. Once deve loped, 
the se centers should have the capabi lity o f  producing 
monoc lonal antibodies to other disease-causing organisms and 
should serve as centers for maintenance and dis tribut ion o f  
hybridoma ce l l  lines and diagnos tic antibody reagents . The 
centers also should serve as sites for vet laboratory 
training course s .  

Anima 1 Health 

As with human d isease , diagnostic reagents do not exist for many 
anima l diseases , or , if ava ilable, are inadequate for accurately 
identi fying infectious agents responsible for disease outbreaks . 

• It is  recommended that a program involving a network of 
institutions be deve loped to prepare antibodies for use as  
d iagnostic tests and epidemio logical studies .  Priority 
should be given to making antibodies used in the diagno s i s  or 
detection of the following diseases or pathogens : 
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Bac terial :  Brucel la. E .  coli  ( caus ing neonatal 
d iarrhea).  Mycobacteri� �rculosis. Salmone l la 
Me tazoan : cysticercos i s /hydatidosis.  fasc io liasis.  
sch istosomiasis 
Protozoan : babes iosis ( bovine ) .  coccidios is ( avian. 
ruminants ) 
Ricke t t s ial : anaplasmos i s  (bovine )  
Vira l : African swine fever , atrophic rhini tis. 
b luetongue (bovine, caprine , ovine ) .  bovine paralytic 
rabies , bovine viral diarrhea , caprine arthritis. 
encephaliti s ,  equine infect ious anemia ,  foot-and-mouth 
disease (bovine. swine ), infect ious bovine 
rhinotrache itis , Marek ' s  disease (avian) , Newcastle 
disease ( avian ) .  pleuropneumonia.  

• Because few typing reagents exist for the deve lopment o f  
selec t ive breeding for increased re s istance to disease, it is 
recommended that a ful l  set of monoc lonal antibod ies be made 
for each functional polymorphic. antigenica l ly 
d i s t inguishable gene produc t on white blood ce l l s . This 
inc ludes gene products of the major histocompatibi l i ty gene 
complex. gene products that def ine T and B c e l l  
different iation antigens , and gene products that define 
antigens common to both T and B ce l l s .  

Plant Health 

High-qual ity diagnostic antisera capable of identi fying a wide 
variety of viral , bacterial , or fungal pathogens are not current ly 
avai lab le for many of the p lant diseases that af fec t the world ' s  
important food and fiber crops . Furthermore. the epidemiol ogy of many 
o f  these agents has not been investigated . Fai lure to diagnose the se 
pathogens properly in important food crops leads to s ignificant 
decreases in agricultural productivity . Many of the se diseases are 
found worldwide and result in s igni ficant crop losses . 

• It i s  therefore recommended that monoc lonal ant ibody 
technology be utilized to produce antibodies for use in 
d iagnostic  and epidemiological studies of important viral and 
bac terial plant diseases . Priorities shou ld be given to 
deve loping ant ibodies to the fol lowing d isease agents : 

Rice : r ice dwar f ,  rice gras sy stunt. rice ragged stunt, 
rice tungro 
Maize : maize ch lorotic leaf spot. maize rough dwarf , 
maize streak 
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Cassava : cassava mosaic virus 
Citrus : c itrus tris teza virus , Spiroplasma £!!!i, 
Xanthomonas c itri 
Potato : pot�iruses  M, S ,  X, and Y; potato leaf ro l l  
Fruit trees : Prunus necro t ic ring spo t ,  app le mosaic , 
prune dwarf , tobacco streak, tomato ring spot , tobacco 
ring spot viruse s .  

Other Recommendations 

• It i s  recommended that AID or another technical ass istance 
agency e stablish internat ional working teams to ascertain t he 
leve l at  which each of the interested deve loping countries i s  
prepared to use monoclonal antibody technology for diagnostic 
purposes . 

It would be useful to employ the "Reque st for Proposal" (RFP) 
system commonly used by the National Ins titutes of Hea lth in each of 
the subject countries as  a means of  identi fying centers with 
appropriate fac i l ities and the de sire to exp loit this new technology . 

• To ident i fy and assess needs for implementing ind ividual 
programs that incorporate training, laboratory "set-up," and 
performance , it i s  recommended that AID or other donors 
establish planning grants , perhaps in re ference to the RFPs . 
The donors would be re sponsible for determining the source 
and avai labil ity of exis t ing diagnostic reagents or those 
that wi l l  soon be availab le .  Priorit ies  for su ort should 
be 1 diagnostics, 2 reagents for genetic and 
epidemiological stud ies,  and (3 )  therapeutic s .  

ENERGY 

Energy derived from b iomass a lready contributes s igni ficantly to 
civi l ization . Biomass , in the form of firewood , agricultural 
re s idues , and animal  dung , is the princ ipal energy source in many 
countries , and even highly deve loped nations use wood extens ive ly to 
heat homes and generate power. 

This working group has identified biotechno logies with 
substantial potential for use in deve loping countrie s ,  keeping in mind 
insti tutional constraints, environmental problems, and needs for 
trained manpower that may be encountered . Speci fic recommendations 
have been made both for short-range approaches to exploiting b iomass 
re sources and for more comp l icated technologies that may reach 
fruition more slowly . Al l these recommendations emphas ize a 
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systematic deve lopment of any biomass-re lated program, with careful 
e conomic assessment at each step . 

Se lecting and Analyzing the Appl ications 
of Biotechnology to Energy Production 

• It is recommended that mode ling techniques be used to 
evaluate options for biotechnology in deve loping countries . 
Such technique s could inc lude engineering and economic 
analyses and energy material balances ,  as we l l  as an ana lysis  
of the macroeconomic aspects such as e ffects on food 
production and food pri ces and even balance of payments . 

• It is recommended that techno logies or processes that 
generate multiple products from biomas s and increase rural 
employment or improve village se lf-sufficiency be 
emphas ized, Processes that yie ld both fue l and food.or feed 
shou ld receive priority over those with s ing le outputs . 

• It i s  recommended that s imple ,  inexpens ive diagnostic 
techniques be deve loped for monitoring biological 
conversion .  The se might inc lude the u s e  of monoclonal 
antibodies to identi fy viable organisms in a bioreactor such 
as a biogas unit or an a lcohol fermenter. 

Improved Uti lization of Wood 
and Other Lignocel lulos ic Materials  

• It i s  recommended that the conversion of lignoce l lulosic 
biomass into fue ls  and chemicals be studied at the p i lot 
project leve l ,  pre ferab ly as a col laborative e f fort among 
organizations with experience in this  are a .  

Uti l ization of Polysaccharide 
(Pri nc ipa lly Starchy ) Materials  

It  i s  recommended that : 

• Improved b ioreactor des igns be developed for important 
fermentation processes such as ethanol and fue l gas 
production--for example, columns or systems using immob i lized 
microorganisms and continuous feed . The potential for 
lowering cap ital requirements and production costs is  
signi ficant.  
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• Advanced separation and purification processes be appl ied to 
b iomass process ing, which could mean increased energy 
e ffic iency over that obta ined us ing traditional processes 
such as distil lation . App lication of these processes could 
a l so re sult in reduced energy consumption and increased 
avai labil ity of  by-products with fue l value such as bagasse . 

• Improved sacchari ficat ion processes be appl ied to the 
conversion of starch and inul in-rich biomass into ethanol . 
Examp les of these proce sses are : 1 low-temperature 
saccharification, ( 2 )  s imultaneous sacchari fication and 
fermentation , and ( 3 ) introduction of genes for amylase 
production. 

• Environmental control technology for bioproce ssing o f  wastes 
be improved, emphasiz ing processes that coproduce fue l gas, 
organic chemicals, and other saleable compounds .  For 
example , improvements in anaerobic digestion of stil lage 
could lower cap ita l requirements , reduce pol lution prob lems , 
and generate revenues from sale of coproduct& , as we l l  as 
lower the costs o f  producing ethanol , microbial prote in , and 
other products . 

• Suitable method s for biomass storage be devised to decrease 
the s ignificant preprocess ing losses found in current fie ld 
practice for many crops such as cas sava . New or improved 
methods could reduce feedstock cost , improve process ing 
e ffic iency , and minimize transportation los ses of b iomass . 

Microbiological Research and Development 

• It i s  recommended that an international network be 
estab l ished to screen potential species for fuel and chemical 
production, and that a committee be established to e laborate  
a more complete screening inventory as well  as a set of 
guide l ines for executing the screening and proce s sing of the 
re sults . 

• Because most microbiological proces ses are s ingle-species 
systems, it is recommended that mixed culture systems and 
the ir interactions be studied; for example, anaerobic 
holocel lulose hydrolyzers, ac id formers, and methanogens; 
thermoph i l ic l ignoce l lulosic biodegraders; and 
nitrogen-fixing algal and bacterial systems . 
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By-products , Coproduction , and Diesel  Fuel Substitutes , 
Inc lud ing Environmental Contro l Technology 

• It i s  recommended that a more balanced approach be taken to 
fue l production, emphas izing the development o f  processes for 
the production of po ss ible diesel fue l substitutes ,  such as 
alkane s ,  butano l ,  and vegetable oils . Biomass sources  for 
diesel  fue l production may inc lude woody biomass from which 
turpentine is recovered , o i l seed& from which fue l s  may be 
extracted , se lected aquatic biomass , and oil-producing 
microorganisms . Integral to thi s  emphas i s  on by-product 
uti lization are e ffective means for environmental control .  

Institutional Interaction and Training 

• To stimulate the use of biotechnology for energy production 
in deve loping countries ,  i t  i s  recommended that adequate 
curricula be developed for in-country training and that 
overseas degree and nondegree tra ining continue . 

BIOLOGICAL NITROGEN FIXATION 

Nitrogen is  frequently the l imiting nutrient in agricultural 
productivity . Although 78 percent of the earth ' s  atmosphere is 
composed o f  nitrogen gas (N2) ,  p lants are unable to use it in thi s  
form . The nitrogen must first b e  "fixed , " that is , combined with 
other e lements such as hydrogen,  carbon , or oxygen before it can be 
as s imi lated by higher p lant s .  

Th e  ability t o  f i x  gaseous nitrogen is  re stricted t o  certain 
prokaryote& ( cyanobacteria , actinomycete s ,  bacteria ) that contain the 
enzyme nitrogenase . Whi le a number of the se organisms f ix atmospheric 
nitrogen in the free-living state , some form symbiotic assoc iations 
with higher plants . Examples of the latter inc lude the 
legume-Rhizobium,  nonlegume-actinorhiza (Alnus , Casuarina ) ,  and 
nonlegume-cyanobacteria (Azolla)  symb iose
-
s
-
.
---

Based on a discuss ion of var ious re search opportunities in 
biological nitrogen fixation, this  working group identified a number 
of goa ls  as warranting support by AID and other donors . Recommended 
areas for priority are l isted be low; ind icated in parenthes i s  is an 
e stimated time scale for a we ll-organized research ef fort to achieve 
s igni ficant results • 

• 
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as soc iat ion with r ice ( 3-10 years ) , and (2) the 
legume-Rhizobium symbios i s . The latter requires deve loping 
s t ress-to lerant stra ins of Rh i zobium spp . ( 5-10 years ) ,  
se lec t ing legumes sui tab le for local condit ions ( 5+ years ) ,  
and deve loping techniques for produc ing effe c t ive s t rains of 
Rhizobium spp . that do not pers i s t  in the soil  long enough t o  
compete with more de sirable rhi zobia added later ( 5  years ) .  

• I t  i s  recommended that AID and other donors a l so recogni ze 
the importance of research directed toward the following 
goals : 

to 

use 

bac teria for 
and 

PLANT CELL AND TISSUE CULTURE 

Re search effort s in p lant ce l l  and t i s sue cul ture have increased 
dramat ica l ly worldwide in recent years inc luding e fforts in deve loping 
nations . 

Plant propagat ion us ing shoot t ip culture i s  the most  advanced 
area in plant ce l l  and tis sue culture and is current ly be ing used to 
propagate e l ite genotype s of several plant species in a number o f  
count r ie s .  Propagat ion us ing plant t i ssue culture can have a direct 
effect on c rop improvement by more rapid and e f ficient propagat ion o f  
certain species , and it  can have an indirect e f fect b y  e l iminat ion of 
disease in other spec ie s .  This  technology is unique ly suited to 
so lving certain problems in agriculture and fore stry and was 
high l ighted by the working group as the area most  l ike ly to make a 
near-term contribut ion to economic deve lopment in many deve loping 
c ountri e s .  

This  working group ident i fied eight research areas as prospec ts  
for near-term ,  mid-term ,  and long-term app l icat ions of p lant ce l l  and 
tis sue cul ture techniques , respec t ively : 

• Near-term (many new appl icat ions possible now or within 
5 years ) 

Clona l propagation 
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Gene trans fer by wide hybridization 

• Mid-term ( s ome applications to plant improvement pos s ible 
within the next 5-10 years ) 

Variant selec t ion ( inc luding somaclonal se lect ion) 
Product ion of haploids 

• Long-term (plant improvement app l ications unl ikely  for at  
lea s t  10-15  years )  

Secondary natural products 
Molecular gene t ic engineering in plants . 

The group made a conscious dec is ion not to recommend research on 
s peci f ic plants , feel ing that such j udgment can only be made local ly 
by people mos t  famil iar with the prob lems and needs . It was fe l t  more 
appropriate to recommend guide l ines to be used in evalua t ing proposals 
for applying plant ce l l  and t i s sue cul ture to particular prob lems . 

• I t  i s  recommended that development assis tance agencies 
evaluat ing research pro posals in the area o f  plant ce l l  and 
tis sue cul ture : 

Give highes t  priority to pro posals that inc lude 
provis ions ensurina that the products of  tis sue culture 
technology reach farmers and consumers . This general ly 
requires programs for tes t ing and eval uat ing new products 
and capab i l i t ies  for commerc ial seed or s t ock 
product ion . Proposa l s  that will  result in immediate 
appl ication should be g iven specia l  a ttention. 

Give h igh priority to proposa l s  o n  we ll-def ined plant 
improvement problems . For a g iven problem ,  proposa l s  to 
use the mos t  feas ible t i ssue cul ture methods should be 
g iven pre ference over those propos ing to use me thods that 
need more development . Converse l y ,  l ow priority should 
be g iven to proposals to learn techniques us ing mode l 
plants such as tobacco ; often s uch projec t s  have never 
progre ssed from tobacco to other important p lant s .  

Give high prior i t y  to proposals  that w i l l  permit the 
near-term extens ion o f  plant ce l l  and t i s sue cul ture 
techniques to plant improvement problems us ing any or a l l  
o f  the fol lowing :  clonal propagation, d isease 
e l iminat ion, germ plasm exchange , or gene trans fer by 
wide hybridizat ion us ing embryo cul ture . The research 
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goal s  of such proposals wil l  inc lude the deve lopaent o f  
procedure s f o r  e f fic ient c lonal propagat ion and 
regenerat ion of e l i te genotypes , pre ferab ly by adapta t i on 
of known procedures for the specie s . When procedure s for 
the species have not been develope d ,  care ful j udg.enta 
should first be aade based on success  with re lated 
species regarding the like lihood of near-te� success . 

Require that proposals to begin work in plant ce l l  and 
t i s sue culture inc lude a thorough evaluat ion of the 
minimal infrastructure re quire.ent a and spec i fy a plan 
for removing constraint s .  Granting agenc ies should be 
prepared to provide funds for infrastruc ture needs whe n  
nece ssary . 

• It i s  also  recommended that : 

Efforts be made to provide t raining for personnel from 
deve loping countries in laboratories o f  scient i s t s  
w i l ling to engage in long-te � col laborat ion .  T o  the 
maximum extent possible , opportuni t ies  for  t ra ining 
in-country by visi t ing scienti s t s  are preferab le to 
training abroad . 

Considerat ion be given to estab l i shing regular sc ient i f i c  
exchanges at a l l  leve ls  for developing country scien t i s ts 
engaged in plant ce l l  and t i s sue cul ture re search . 
Regional , probl em-oriented workshops and news let te rs 
directed toward particular app l icat ions o f  the techno logy 
should be given s pecial attention. 

Private sector involvement in the appl icat ion of plant 
ce l l  and t i ssue cul ture to problems in deve loping 
countries be encouraged . Private f irms may be able t o  
provide abort-term tra ining and could be contrac ted t o  do 
re search and deve lopment work on problema of spec ial  
importance to  deve l oping countrie s .  

Effort s to establ ish t i s sue cul ture l aboratories begin 
sma l l ,  with pre fe rence given to ins t itutional set tings 
that are amenable to the eventua l deve lopment of s trong 
interdiscipl inary teams of plant scientis t s .  
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Introduction 

Genetic se lect ion , manipulat ion , and a lteration have been integra l 
features of agriculture and food process ing for centuries , and the 
rate o f  change o f  these techniques has been unders tandably s low. In 
the pas t  30 years , howeve r ,  powe rful new technologies ba sed on 
re search in molecular genetics have greatly increased pos s ib i l i t ies 
for manipulat ing the inherited charac teri s t ics  of p lants , animals , and 
microorganisms . Recent sc ient ific discoverie s in immuno logy , 
recombinant DNA , and ce l l  cul ture--and the potential they hold for 
s igni ficant advances in agricul ture , health ,  and ene rgy--have 
impres sed scient i s t s , wor ld leade rs ,  inve stors , and the pub l ic in 
genera l .  Media coverage , devoted to such topics as  interferon and the 
me teoric ri se of gene tic engineer ing firms , has created expec tat ions 
of mirac le drugs , new c rops , and new technologies such as technique s 
for t rans ferring nit rogen-fixing genes to nonleguminous p lants ( for 
example , rice and c orn) , or rep lacing abnorma l genes with normal 
o ne s .  Work i s  progres s ing on these and other topics , but at a more 
measured pace than the public  has been led to be l ieve . 

Deve loping countries have also been caught up in the euphor ia 
surrounding the so-cal led "biotechno logy revolut ion. " The bas ic 
deve lopment goals  of most Third Wor ld countries inc lude inc reas ing 
f ood produc t ion , improving pub lic heal th , and making avai lab le 
i nc reased amounts of ene rgy for domestic  and industrial purpose s .  
Compared with many traditional deve lopment programs , the ant icipated 
re sults  from biotechno logy appear to be cost-effective and within the 
time frame and general manpower requirements o f  mos t deve lop ing 
count rie s .  

Whi le some commerc ial appl icat ions of b iotechnology , inc luding 
gene t ic engineering , monoclonal ant ibodies ,  and new p l ant and animal 
techno logies , are now emerg ing from current research , many bas ic 
re s earch issues remain. Also , s ince most  of the research conduc ted 
thus far has been in deve loped countries and on problems of intere s t  
to them , problems re lat ing t o  deve loping countries require spec ial 
emphas i s .  

- 1 9  -
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OBJECT IVES OF THIS WORKSHOP 

In response to worldwide intere s t  in the potent ial o f  
biotechno logy , and a t  the reque st  of the u . s .  Agency for Inte rnat ional 
Deve lopment (AID) , the Board on Sc ience and Technology for 
Internat ional Deve lopment ( BOSTID) convened a workshop in 
Washington, D . C . , and Berke ley Spring s ,  Wes t  Virginia , July 26-30 , 
1982 . Scient i s t s  and pol i cy-level planners from both t he United 
States and a large number of deve loping countries were brought 
toge ther to review the s tate of the art in their respective 
d isc ipl ines  and to recommend priori t ies in b iotechno logy research for 
international programs in agricu l ture , health , and energy. 

Biotechnology encompas ses many areas , for examp le , enzyme 
techno logies , microbial applicat ions , immobi l i zed cel ls  and enzyme s ,  
ce l l  cul ture , gene tic eng ineering , immunology , and b iomas s  
technolog ies . However ,  the t ime frame for appl ication to deve loping 
countrie s ,  logi st ical cons iderat ions , and appropriatenes s  for AID ' s 
and othe r donors ' deve lopment obj ectives l imited the top ic s  for 
consideration to the fol lowing : 

• Vacc ines 
• Animal produc tion 
• Monoclonal antibodies 
• Energy 
• Bio logical nitrogen fixation 
• Plant ce l l  and tissue cu l ture . 

Re sults  o f  research in the se s ix topics have potential for wide 
app l icat ion. Within varying degrees ,  breakthroughs may occur in the se 
re search topics during the next 5-10 years . 

ORGANIZATION OF THE WORKSHOP 

An advisory pane l appointed by the Nat ional Re search Counc i l  
assis ted BOSTID i n  the se lec t ion of topics and identification o f  u . s .  
and Th ird World part ic ipant s .  Approximately 6 0  sc ient i s t s  ( 35 from 20 
deve loping countries and 25 from the United S tates --see Appendix) t ook 
part in the workshop . 

Plenary sessions open to the public  were held the first  two day s  
of the workshop i n  Wash ington , D . C .  Major addresses were given a t  the 
opening session by Nobe l Laureate David Balt imore , Massachuse tts  
Ins titute of Technology , and M.  S .  Swaminathan , direc tor gene ral , 
Internat iona l Rice Re search Ins t i tute , the Ph i lippine s  ( see 
Part One ) . Lowe l l  Lewis , University of Cal i fornia , Berke ley, 
pre sented an overview of  biotechno logy ' s role in agriculture , whi ch 
was fo llowed by a pane l d iscuss ion by agr icul tural experts from 

Copyright © National Academy of Sciences. All rights reserved.

Priorities in Biotechnology Research for International Development:  Proceedings of a Workshop
http://www.nap.edu/catalog.php?record_id=19581

http://www.nap.edu/catalog.php?record_id=19581


- 2 1  -

d eve loping countries ( s ee Append ix for l i s t  of pane l membe rs ) .  
Ke nneth Warren,  Rocke fe l ler Foundat ion, and Henry R .  Bungay , 
Rensselaer Po lytechnic Inst itute , pre sented simi lar overviews for 
health and energy , re spec t ively , which were also  fol lowed by pane l 
d i scuss ions . 

In addit ion to the overviews by Lewis , Bungay , and Warren , BOSTID 
c ommi s s ioned the fol lowing background pape rs : Wi ll iam c. Davis and 
c o l league s , monoc lonal ant ibodies ; Mart in Alexander ,  b io logical 
n i t rogen fixation ;  and G .  B .  Col l ins , p lant ce l l  and t is sue culture 
( s ee Part Three ) .  

Working groups ( see Appendix) ,  formed to addre s s  the six  research 
t opics , then met in c losed sessions at Coo l font Confe rence Center in 
Berke ley Springs , West  Virg inia , for three days . During the f inal 
h a l f-day plenary sess ion , the working groups presented their summary 
recommendat ions . 

Genera l ly ,  the working groups first ident ified prob lems common to 
deve loping countries that might be solved by the technol ogy in 
que s t ion. They were then asked to determine the priori ties for 
research , inc luding spe c i f ic examp les where possible , the l ike ly t ime 
scale for appl icat ions , requirements for spec ial equipment or 
fac i l i t ie s ,  the imp l icat ions for manpower and t raining , the leve l of 
e ffort required , and the pos sible costs . In determining priori t ies , 
the groups cons idered research topic s that are not receiving very much 
support and general ly gave lower priori ty to topics  for which support 
is high ( for example , development of a malaria vaccine ) .  Working 
groups were a l so asked to consider possible ins titut ional arrangement s 
for undertaking the sugge sted research . The reports of the working 
groups appear in Part Two . 

Two evening sessions o f  the workshop we re devoted to crosscutt ing 
i s sues , and the Time /Li fe f i lm ,  ''Life : Patent Pending , "  was shown. 
Iver P .  Cooper , an at torney in Washington , D . C . , d iscussed some o f  the 
l egal aspects  of bio technology , and Thomas c. O ' Brien , National Bureau 
of Standard s ( NBS ) , presented NBS goa l s  for ant icipat ing the s tandard s 
and measurements required by the biotechnology industry . Chr ist ian 
Orrego , Massachusetts  Inst itute of Technology , addressed the working 
groups on the ins t i tutional aspects of biotechnology , with emphas i s  on 
communicat ions , training , and collabora t ive research.  
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PART ONE 

Opening Remarks and Keynote Addresses 
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Opening Remarks 

M. PETER McPHERSON 

On beha l f  of the Agency for Inte rnat ional Development , it is my great 
p l easure to we lcome you to this workshop . 

Biotechnology holds enormous promise for help ing to ful f i l l  some 
o f  humanity ' s mos t  fundamental needs--from increasing food and energy 
suppl ies to improving health care . However ,  theore tical potent ial is 
one thing ;  trans lat ing that potent ial into pract ice is  another .  It i s  
my hope that t h i s  important workshop can h e l p  to br idge t h i s  gap . 

C learly , the cha l lenge of applying innovat ive sc ient i f ic 
approaches to deve loping count ry problems w i l l  require the talents of 
many ind ividuals  and ins titut ions . There fore , the Agency for 
Internat ional Development has asked the National Academy of Sc iences 
t o  convene this workshop as a means of reach ing out to the s c ient ific 
c ommunity at large , both in the United States and abroad . I bel ieve 
th is  c o l laborat ive undertaking serves two es sent ial and c losely 
re lated purposes . 

Firs t ,  such e f fort s are ind ispensable for as suring that the 
research agenda re flects deve lop ing country needs and is not confined 
to academically  intere s t ing problems or problems with the h ighes t  
mone tary impac t for the indus trialized nat ions . Unless  the eme rging 
re search agenda is broadened to inc lude is sues of part icular concern 
to the deve loping world , technology trans fe r and capac i ty bu ild ing 
w i l l  become l i t t le more than s logans without subs tance . Consequent ly , 
AID--and the other donor agenc ies represented he re --are looking to 
th i s  workshop for help in de fining appropr iate avenues for the 
deve lopment and appl icat ion of b iotechnologies ove rseas . 

Second , by combining our forces  through undertakings l ike this , 
the internat iona l s c ient ific and deve lopment communities can help lay 
the foundat ions for genuine s e l f-re l iance throughout the deve loping 
world . By this , I do not mean s e l f-suffic iency--for what nat ion can 
be s e l f-suffic ient in the twent ieth century ?  Nor do I mean the kind 
o f  se l f-re l iance that enab les a nat ion to survive from day to day , but 
at a leve l that approaches mere subs is tence . Rathe r ,  I mean 
s e l f-re l iance at the highe s t  leve l of produc t ivity that is permit ted 
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by the current state of knowledge . This kind of self-re l iance re sts,  
in turn, on having s trong scientific capabilities  within each nat ion, 
ab le to modi fy and adapt new or improved technologies to local 
condit ions . 

I can assure you that AID i s  ful ly commi t ted to aaking this goal 
a rea lity . Today ' •  workshop represents one iaportant facet of our 
commitment . I wish you we l l  in your own e f fort s over the next few 
days to l ink innovative b iotechnic al approaches to deve loping country 
problema . We shall  await wi th intere s t  your findings and 
recommendat ions . 
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Opening Remarks 

NYLE C. BRADY 

I am honored to j o in you for this confe rence , which repre sents the 
growing cooperat ion between the U . S .  Agency for Internat ional 
Deve lopment and the Nat ional Academy of Sc iences . I t  a l so reflects , 
in turn , the s trengthening of AID ' s t ies to the broader U . S .  and 
overseas scient if ic community.  

AID ' S RECORD OF SUPPORT FOR SC IENCE AND TECHNOLOGY 

AID ' s emphas is on sc ience and technology for deve lopment goes 
b ack many years . In the agency ' s ear l iest  days , under the Po int IV 
Program , technical as s i stance was the focal point of the U . S .  fore ign 
a id e f fort . The deve lopment of e f fec t ive means of family p lanning has 
been supported in large measure by AID , together with the fight 
agains t smal lpox , malaria ,  and o ther infect ious d iseases . AID has 
a l s o  contributed s ignificant ly to devel opment of the o ral rehyd rat ion 
method for contro l l ing d iarrheal d isease s ,  perhaps the maj or k i l ler o f  
chi ldren under age f ive i n  devel oping nat ions . 

AID was a major contributor to the deve lopment and adopt ion o f  
t he high-yielding wheat and r ice var ie ties--known a s  "Green 
Revo lut ion. " Thi s  support has taken several forms . AID has cont inued 
to contribute to the inte rnational agricultural research cente rs , 
providing 25 percent of the centers ' operat ing expenses each year . 

In addi t ion ,  AID has provided catalyt ic support for the kind of 
agri cu l tura l re search and ins t itut ion bui ld ing requ ired at the 
nat iona l leve l for this new technology to take hold . In post
i ndependence Ind i a ,  for example , AID financ ing and leadership was 
instrumental in he lping to marsha l l  a 20-year inst itut ion-bui ld ing 
e ffort that led to the estab l i shment of nine new agricu ltural 
unive r s i t ie s .  These new ins t i tut ions integrated research , teaching , 
and extens ion and have been wide ly ac cred ited wi th underp inning 
India ' s phenomenal agricultural advances . 
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CURRENT AID EFFORTS TO STRENGTHEN 
THE ROLE OF SCIENCE AND TECHNOLOGY 

With in thi s historical context , and in light of today ' s urgent 
need , the admini strator of AID is endeavor ing to e s tab l i sh an even 
s tronger and more central role for sc ience and technology wi thin AID ' s 
overa l l  assis tance effort s .  

S ignificant internal changes have been aade that include the 
estab l ishment of sector counc ils  in the technical areas of prior ity : 
agricul ture , nutrit ion , hea l th ,  population, ene rgy and natural 
resources ,  human re sources and engineer ing . The sector counc i ls 
concentrate on ways to improve the agency ' s technical coapetence and 
program qua l ity in each area . 

Four agency d irec torates have been es tab l i shed to work with t he 
counc i l s  and provide a focus for the agency ' s work . The directora t e s  
are headed b y  internat iona l ly recognized leader s : Jack Robins , forme r 
dean of the Col lege of Agriculture at Washington State University , 
d irect s  Food and Agriculture ; Jack Vanderryn,  a we l l-tra ined 
scient i s t , who was forme r ly with the Department of Ene rgy , beads 
Energy and Natural Resources ; Ruth Zagorin, an experienced social 
sc ient i s t  and administrator who served with the Inte rnational 
Deve lopment Research Centre in Canada and then wi th the U . S .  
Department o f  Agricul ture leads the Human Resources Direc torate ; a nd  
Jarret t  Cl inton, a former AID off icer who was qui te succe s s ful i n  
Indonesia  and was , most  recent ly , a t  the Populat ion Counc i l ,  pre s i des 
over Health and Population. These  ind ividua l s  not only have l ine 
authority ove r ac t ivi ties  within the Sc ience and Technology Bureau , 
but a lso agency-wide re spons ibi l i t ies  to he lp iaprove the role o f  
sc ience and techno logy more general ly.  

Under Hr . McPherson ' s leadership , AID i s  also  s trengthening i t s  
re lationships with the scient i fic comqunity a t  large . Fi rs t ,  seve ra l 
new init iat ives have been taken under the authority o f  Tit le XII o f  
the Fore ign Ass i stance Act t o  augment the role o f  U . S .  unive r s i t ie s  i n  
AID ' s deve lopment ass istance e ffort s .  Memoranda o f  Understanding are 
be ing deve loped to forma l i ze re lationships with univers i t ies  t hat are 
wil ling to commi t themse lve s to long-term re lations with AID .  A Joint 
Career Corps is be ing p lanned for university staff who opt to spend 
one-third of the ir professional t ime working with AID , and a Jo int 
Venture mechani sm to make more e ffec tive use of the res ources of sma l l  
U . S .  universi t ies i s  be ing explored . 

Second , we are continuing to s trengthen our 15-year re lationship 
wi th the National Academy o f  Science s ,  during which various HAS 
commissions have conduc ted a wide var ie ty of s tudies in deve loping 
c ountries on beha lf o f  AID .  The Board on Sc ience and Technology for 
Internat ional Deve lopment is  current ly p laying the lead role on behal f  
o f  the Academy and i s  seeking to identify innovat ive techno logies o f  
potent ial economic va lue for deve loping nations . BOSTID wi l l  a l so 
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e s tabl i sh networks of deve loping country ins titut ions to exp lore and 
improve those technolog ies . 

The se s teps and organizational changes within AID are be ing taken 
with one overriding obj e c t ive in mind : to move science and technology 
to a higher leve l within the agency ' s own priorit ies and to g ive AID ' s 
technical staff a large r role in the agency ' s ac t ivities .  

In  this  proce s s , we hope to make the ful lest  pos sible use  o f  
s c ient i s t s  from the deve loping countries a s  we l l  a s  from the United 
States . Moreover , all conferences cosponsored by AID and the Academy 
wi l l  have two component s :  a "show and te l l " aspect for shar ing of new 
knowledge ; and a "so what" component , to d i scus s  what AID and othe rs 
should be doing that we are not already with regard to the issues  in 
quest ion. 

THIS CONFERENCE 

This conference is an exce l lent examp le of thi s kind of 
cooperat ive endeavor . New deve lopments in c e l l  b io logy , molecular 
gene t i c s , recombinant DNA,  and re lated fields o f fer extraord inary 
promise for opening new vis tas in the fields of hea lth , energy , food , 
and agri cul ture . However ,  much of the work that is now unde r way i s  
s t i l l  i n  the rea lm of bas ic re search or is or iented pr imar i ly toward 
i ssues that concern the high ly industrial ized economie s .  AID i s  
concerned about the role o f  these b iotechno logies in the deve lopme nt 
process , and we be l ieve the Academy i s  part icularly we l l  qua l i f ied to 
provide us with recommendat ions of opportunities , strategies , and 
pol ic ies for pos s ible program ini t iatives . 

More spec i f ical ly , we want to addre ss the questions : To what 
extent should the deve loping countr ies be involved in b iotechno logy 
research themselves , and in which areas ? Is this the r ight t ime to 
encourage the deve loping countries to set up the i r  own programs in 
part icular areas ? And , if such programs are advisable to one degree 
or anothe r ,  what if any thing should AID be doing , within our l imi ted 
re sources ,  to fac i l itate deve l op ing count ry research along the 
re commended l ine s ?  

Th i s ,  then,  is  the agenda for this conference . Th e  agency i s  
de l ighted t o  partic ipate i n  t h i s  important event , together with the 
Na t ional Academy of Sc iences and the dist inguished guests  from many 
count ries of the deve loping wor ld.  
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Keynote Address 

Priorities in Biotechnology 

DAVID BALTIMORE 

Over the next few decades b iology wi l l  l ikely have an impac t  s imi l a r  
to that  made by elec tronic s ove r the last  few decades . Recent 
advances in  mo lecular b iology , immuno logy , and ce l l  cul ture promise t o  
bring bio logy out of the laboratory and into soc iety with both the 
exc i tement and c ompl ications that this impl ies . 

The new capabil i ty is cal l ed "b io techno logy , " yet biotechno logy 
is not new. Bio logy has been harnes sed for years to  produce wine s ,  
beers , vinegar , foods , solvents , ethano l as an energy source , and 
drugs . Wha t  is new about the "new" b iotechnology is the s ty l e  o f  
approach and me thodo logies now ava i lab le . 

The "o ld" b iotechno logy chie f ly manipulated microorganisms o r  
plant foods , and select ion was the maj or force behind produc t i on o f  
des ired tra i t s .  Occas iona l ly ,  mutagenesis  increased our abi l i ty t o  
selec t ,  but the re was ve ry l i t t le pos s ible i n  the way of directed 
a lterat ion. The new b iotechnology uses knowledge about the interior 
of ce l l s  to  direct and manipulate the produc ts  they make . Although we 
are s t i l l  e s sent ially manipulat ing e lements that were provided b y  
nature , w e  a r e  now taking the pieces o u t  of ce l l s , manipulat ing them, 
re insert ing them, and thus heightening the c apab i l i t ies of  those c e l l s  
t o  produce wha t  we des ire . I t  i s  important t o  remember that t he 
amount o f  manipulat ion involved i s  as smal l  as poss ible and that the 
maj o r  materia l s--DNA sequence s in many cases --are provided by nature 
and are the produc t s  o f  mi l l ions of  years of  evo lut ion. This i s ,  o f  
cours e ,  mainly recombinant DNA techno logy. 

Maj or advances have a lso been made in hybridoma research which i s  
harne s sing immunology i n  new and surpris ing ways , in ce l l  cul ture 
which is making c e l l s  of  both plants and animals  ava i lable as dire c t  
s ources of  materials  i n  protop la s t  fus i on techniques , and i n  a varie ty 
of o ther methods . Thus the new b iotechnology is becoming broade r i n  
s cope and invo lve s the input of a n  enormou s ly wide range o f  
t echno logical c apab i l i t ies that c ome out of  laboratory sc ience . 

De sp i te the fac t that biotechnology is a very high technol ogy in 
t erms o f  be ing at the fore front o f  bas ic s c iences , i t  i s  a very 
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appropriate techno logy for so lving the prob lems of peop le at a l l  
leve l s  of  deve lopment . The capab i l i t ies  of molecular bio logy go we l l  
beyond the kind s  of synthe t ic methods connec ted with recombinant DNA 
technique s .  Mo lecular biology has deve loped a range of  powerful 
analytic tools  that give the mode rn bio logi st  the power to unrave l the 
mos t comp lex of biologic sys tems . We can, for ins tance , in s imple 
case s decode a l l  of the informat ion of a virus and unde rstand i t s  
intricate deta i l s  a t  leve ls  that were not imaginab le 10  years ago . We 
can attack the more comp l icated systems of large r paras ites and , 
bui lding on knowledge of the natural his tory o f  paras i t ic organisms , 
use powerful techniques of molecular biology t o  de termine the l ife 
cyc le of the organism , i t s  pathologie s ,  as we l l  as  the key events that 
are targe t s  for therapy . In gene tic  dise ase , a worldwide prob l em ,  we 
can begin t o  dete rmine the nature of gene ma lfunc tions and the 
underlying cause of gene t i c  di sease , thus enab l ing us to direc t 
therapies . More important , we are deve lop ing powerful new screening 
aethods to ident ify carriers of spec ific  genes on the bas is  of gene t ic 
l inkage rather than by d irec t  analys is of the les ion . We can now 
attack the molecular bas is  of cance r in ways that were not imaginable 
a few years ago , and we c an now unders tand deve lopmenta l anomalies  as  
we begin to unrave l our understand ing of b io logical deve lopment . None 
of the se tasks is easy , and they a l l  require large numbers o f  high ly 
ski l led peop le working over long per iods of t ime . Nevertheless , these 
invest igat ions are now pos s ible , whereas not many years ago they were 
not worth talking about . 

RECOMBINANT DNA RESEARCH 

More fami l iar to us in any discuss ion of the app l ication o f  
molecular biology to  soc ieta l prob lems are the synthe t ic capab i l i ties 
that re sul t  from recombinant DNA methods . By extract ing gene s ,  
hooking them up appropriately , and insert ing them into microorgani sms , 
we can produce new prote ins . I bel ieve i t  wil l some day be poss ible 
to extrac t the gene for almo s t  any protein and to insert that gene in 
a microorganism , re sult ing in produc t ion on whatever  scale we desire . 
Al though there are technical prob lems in doing this and each prote in 
s eems to pre sent its  own set of problems , these prob lems are so lvable 
in theory and are be ing so lved in pract ice . The host  microorgani sms 
used are e i ther bacteria , general ly Escherich ia col i ,  or yeast ce l l s .  
However ,  othe r sys tems such a s  Bacil lus subt i l i s  and mammal ian ce l l s  
a re be ing used . 

The deve lopment o f  vectors to bring DNA into mamma l ian ce l l s  and 
t o  achieve product ion in ce l l  cul ture wi l l  be an increas ing ly valuable 
t echno logy , part ly because a s  we learn more about the nutrit ion of 
cel l s , the growth of  c e l l s  wi l l  become cheaper and the product ion of 
mammal ian prote ins in mammal ian c e l l s  may be a feas ible route . 
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It i s  certainly feas ible today for pharmaceut ica l ly ac t ive compounds 
and may be for o ther kinds of materia l s  in the future . Materials  made 
in thi s  way are fami l iar to a l l  of us : insu l in ;  bovine growth 
hormone ; chymoain or rennin to help in the manufac ture of chees e ;  
urokinase , which shows important potent ial f o r  the treatment o f  
vascular d i sease ; interferon, which may or may not b e  important f o r  a 
variety o f  things . Mos t  exci t ing , howeve r ,  is the produc t ion of 
cruc ial s urface proteins o f  cert ain viruses that cont inue to  p lague 
our l ives--in developing countrie s ,  hepati t i s  B ;  in many areas of the 
world , foot-and-mouth d isease virus ; in a l l  part s o f  the world , 
inf luenza virus and rabie s , a rare ly seen scourge but one of the moat  
terri fying . The maj or ant igens for  a l l  of  these viruses have been 
c l oned and expres sed in bacteria . The uti l i ty of these in the 
deve lopment o f  vacc ines i s  being inve s t igated , and there i s  great 
hope . However ,  in no case do any of these thing s  or in fact any 
material resu l t ing from recombinant DNA research represent a produc t 
of commerc ial  succes s . 

The u t i l i ty o f  recombinant DNA me thods i s  he igh tened by the 
ab il ity to use e i the r the purified produc ts made from ce l ls (cel l s  can 
expre ss these products  at  h igh enough leve l s  that purif icat ion is 
re lative ly easy ) or whole ce l l a , wh ich in certain cases --specif ica l ly 
in industrial proces ses--repre sent a feasible way of taking advantage 
of the abi l ity to dire c t  the capabi lities  of cel l a .  

I n  this regard , the power of having spec ific ant ibodies i s  
something we are only beginning t o  real ize , and the maj or power that 
we may have in the short run will be diagno s t ic . 'fhe abi l ity to  
diagnose specific  cancers has  been widely di scus sed , but the  abil ity 
to deve lop immunoaa aaya for pes t i c ides , toxins , viruses and o ther 
microbe s , and paras ites may develop in the short run . I t  is no t so 
much that hybridomas are g iving us a new kind of ant ibody that was not 
there before ; rathe r ,  the technologies that are be ing developed around 
the ava i labil ity of a cons tant sourc e  of ant ibody are a l lowing us to 
use that ant ibody to teat  and diagnose ve ry low leve l s  of material s .  
More speculat ive is  the use of  monoclonal ant ibodies i n  therapy , 
large ly for cancer .  For this , there appears t o  b e  much less  hope than 
baa been sugges ted in the popular pre s s . 

APPLICATIONS TO DEVELOPMENT 

Al though in recent years much of the appl icat ion of b iotechnology 
has focused on the needs of the deve loped world , the mos t  urgent needs 
are c learly in the deve loping wor l d .  The companies that j umped into 
b iotechno logy have pa id some at tent ion to the areas in which there are 
obvious ly high profits  to be made , such as hepat itis  B or foot-and
mouth disease , and we are beg inning to see research laboratorie s  pay 
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more attention to the paras i t ic diseases , viruses , and even the 
c ancers , that specifically afflict  the less-deve loped world . However ,  
a t  the moment thi s  work is  driven mo r e  by a profit  mo t ive than by 
anything e lse . It is exc i t ing to see that the Agency for 
Interna tiona l Development i s  trying to change that orientat ion to one 
of need rather than of pro f i t . 

A number of research pos s ib i l i t ies  relate d irec t ly to the needs 
of developing countries--particularly , mod i fy ing p lants to inc rease 
re s i s tance to d isease , to tolerate unfavorable growing cond i t ions , to 
fix nitrogen more effic iently , and to provide a be t ter  ba lanced 
protein--yet a lmost  a l l  of the b io technology is found in the developed 
world . 

What would i t  t ake for less-deve loped countries to have the 
necessary capab i l i ty to ut i l i ze the new technologies , and thereby to 
set  their  own priorities and to solve the ir own prob lems ? The answers 
to  thi s  que s t ion appear to  fa l l  into three categories : educat ion , 
i nfrastructure , and support . 

To exp lain these categories ,  i t  i s  perhaps best  to f irst  cons ider 
how the new b iotechnology came into be ing : it was an outgrowth of 
ord inary research by exceeding ly we l l-tra ined and wel l-educated people 
working in a system that be l ieve s in support ing inves t igator-ini t ia ted 
re search . However ,  that tra ining and the abi l ity to s e l f-de f ine 
prob lems were coup l ed to an infras truc ture of supp ly companies that 
provided spe c ia l ized equipment such as centri fuges ; enzymes , whi ch are 
the heart of the technology ; f ine chemicals ; laboratory gadgetry ,  s ome  
of which is  crucial to  research ; specia l i zed chromatography media ; and 
so on . This infra s tructure i s  poss ibly the mos t  crucial part of the 
sys tem . Educat ion can be obtained as we l l  as support , but if the 
infras truc ture is lacking , the se techno l ogies become very d ifficu l t  to 
use . Infras truc ture inc ludes the provis ion of a c onstant source of  
e lectric i ty for  cool ing as we l l  as for  continu ing exper iments ,  and 
o ften for the a i r  condit ioning necessary for the growth o f  spec ific  
organisms . 

The deve lopment of modern b iotechno logy , i t  should be rea l ized , 
wa s in a sense serendipitous . Thousands of researchers followed their 
own noses without preconcept ions . Thei r  maj or f inds were enzymes . I 
wa s fortunate enough to find reve rse transcriptase ,  an enzyme central 
t o  mos t of the methodologies for turning microorganisms into protein 
factories . However , thi s  discove ry resulted from s tudying the l ife 
cycle of a tumor virus that had no relat ion whatsoever to  
biotechnology . I am not arguing that the Agency for  Interna tional 
Development should fund a l l  b iomedical research ; it certainly c annot . 
Rathe r ,  i t  i s  important to see the spirit  in which this kind of field 
moves forward . 
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Educat ion 

Working in the new b iotechnology , there fore , even in i t s  mos t  
practical  mode , requires almo s t  the same e lement s needed f o r  i t s  
discovery , i nc luding high ly educated people . Approximately 30  years 
is needed , s tart ing with ear ly nurturing through a l ong pe riod of 
apprenticeship and graduate schoo l and pos tdoctora l work, to  deve lop a 
researcher ful ly capab le of handl ing mode rn b iotechnology . The 
apprent icesh ip ,  the crucial part of the educational program , mus t be 
carried out in up-to-date laboratories to get a "hands-on" 
understanding of where the difficult ie s  are . Those o f  us who t ra in 
people in mode rn b io logy know that the mo s t  important experience i s  
acquired when things g o  wrong . One mus t  be in a s ituat ion to s e e  how 
many different thing s  can go wrong and how you get around those things 
to l earn how to solve problems . One of  the saddes t  occurrences--and 
thi s  can happen even in the United S tate s where the dens ity of sc ience 
is so h igh--is when someone who is inexperienced and working in a 
re lative ly isolated area spends s ix months making the same mis take 
because he does not know i t  i s  a mis take . 

Infras tructure 

Biotechnology research i s  continually dependent on infra
s tructure . No group can make a l l  of its  own enzymes , for examp le ; 
i t  must depend on commerc ial sources s imply because the t ime and 
energy required to make them i s  beyond the capab i l i ty of any one 
ins titut ion . The hardes t  requirement to mee t  in a deve loping country 
wil l probabl y  be the acquisition of materials from abroad . For 
example , enzymes are very uns table  and mus t  be del ivered in a fr�zen 
s tate usual ly within 48 hours of shipp ing .  Unles s  they are kept c ol d  
through the ir l i fe , they die . A c ont inual supp ly of  e lectric i ty i s  
thus a n  absolute nece s s i ty .  I t  i s  a l so important that such reagents 
are not held up in cus toms , and that the deve loping country l aboratory 
have avai lable  the foreign exchange nece ss ary for the i r  purchase . 

Support 

The th ird area--support--has two s ides : equipped , func t ional 
laboratory fac i l i ties and ongoing , high-leve l support to maintain 
cont inuity and to encourage sc ient i s t s  to return after the ir 
inevitab le t ime spent abroad . The part ot support that involve s  money 
is , of course , crucial , but with the ava i labi l ity of funds from 
various international sources ,  money is probab ly not the l imi t ing 
factor in the deve lopment of biotechno logy . 
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Is i t  rea l is t ic to expec t  devel op ing c ountries to make the 
nece s sary commi tments to t ra ining , infras truc ture , and support ? For 
mos t countrie s it is probably not rea l i s t i c  because it is t oo 
expens ive , and i t  inevi tably involves a long-term pol i t ical  
commi tment .  There fore , given the expense and difficul ty , i s  i t  
necessary f o r  deve loping countries to  have t h i s  techno logy? The 
answer is c learly yes .  I t  i s  not prudent to ma intain a continua l  
dependence o n  the deve loped world  where much o f  the current work i s  
profit-oriented--not a solid  base o n  which t o  bui ld solut ions t o  local 
problems . 

The a l ternat ive to e ither having a national capabi l i ty or being 
dependent on the deve loped world i s  internat ional  cooperat ion among 
developing countries , and this i s  a difficult prescription that incurs 
both pol i t ic a l  and logi stical problems . Howeve r ,  the es tab l ishment of 
regional l aboratories , supported c ooperative ly and with the he lp o f  
internat ional agencies , i s  crucial  i f  the devel op ing world is  to 
part icipate ful ly in the new b i otechnology . This trad i t ion exi s t s  in  
agricul ture , and i t  could exi s t  in mol ecular biology with  the 
appropriate thought and wi l l .  Such l aboratories c ould act  a s  training 
centers in add i t ion to undertaking projects  app li cable to t he region 
in which they are located . Al though such ins t itutions wou ld focus on 
diseases and on local  agr i cu l tural needs , i t  i s  important that they 
also contribute to  the base o f  sc ience on which the f ie ld depend s .  
That sense of  invo lvement in the interna tional community o f  scienti s ts 
makes an ins t i tution a ttrac tive to work for. Such a c ooperat ive 
venture migh t first  be attempted in South America where there are s ome 
e ffort s t o  move in that d ire c t ion. 

Al though the extent o f  commi tment necess ary to be a ful l  
part ic ipant i n  the b iotechno l ogical revolut ion i s  emphas ized here , i t  
i s  important t o  remember that b io logy does have a way o f  becoming 
s impler,  e as ier ,  and cheaper a s  i t  mature s .  I t  i s  reasonable , 
therefore , to hold out the hope that the future for biotechnology wi l l  
not be , a s  i n  phy sics , b igger machine s  and more money ; rather , i t  wi l l  
be--based on the history o f  the fie ld--sma l ler  machines and less  money 
but more inte l l igence . 

One example i s  vaccine produc t ion. Historical ly , vaccine 
product ion has been done in anima l s , in eggs , or in tis sue culture . 
In the last  5 years , however , there have been attempts  to deve lop 
subuni t vaccines , and the c loning proj e c t s  de scribed ear l ier  for 
certain viruses are an example o f  that . Clearly , pure protein 
vacc ines are safe r ,  easier t o  t ransport , and more stable than int act 
virus vaccines , even ki l led virus , and it is hoped that recombinant 
DNA me thods wi l l  provide ways of making prote in antigens in bac teria 
and yea s t  a s  has now been done on a p i lot s ca l e .  Neverthe les s ,  
s everal groups o f  researchers , working main ly on the We st  Coas t ,  have 
d iscovered a shortcut to vaccine production that w i l l  make it even 

Copyright © National Academy of Sciences. All rights reserved.

Priorities in Biotechnology Research for International Development:  Proceedings of a Workshop
http://www.nap.edu/catalog.php?record_id=19581

http://www.nap.edu/catalog.php?record_id=19581


- 36 -

cheape r ,  s tab ler , and more prec ise : to make short peptides  chemi c a l ly 
that mimic the ant igenic s ites on proteins . 

This  i s  an old idea ; work of this k ind f irs t was c onduc ted in the 
19 60s and sporadically s ince then , but mos t  previous successes 
apparent ly neve r penetrated the cons ciousne ss o f  the scient i fi c  
community . Newspaper accounts o f  recent succes ses , howeve r ,  show that 
a t  leas t in  a laboratory sett ing pept ides that correspond to antigenic 
determinants  on foot-and-mouth disease virus , hepatitis  virus , 
influenza virus , and probab ly others can be made . Whethe r  they wi ll 
provide the s imple , wide ly app licable route to making vaccine s  agains t 
specific  viruse s  has ye t to be shown , but i t  certainly avoids the mos t  
complex s tep of  the biotechno logical process--the h igh-level 
expre ss ion o f  gene products in microorgani sms . I f  i t  is only 
necessary to i s olate a genome , sequence i t ,  pull out the appropriate 
region , and make a pep t ide chemica l ly , re sult ing in an antigen that 
can protect an anima l  agains t the virus , we will see vacc ines 
availab l e  for essent ia l ly al l viruses  in the world in the next few 
years--however , remember the "i f" at the beginning of that sentenc e .  
It wil l  then b e  poss ib le t o  g o  dire c t ly from a nuc leic  acid sequence 
to a protective antigen. 

CONCLUS ION 

Does b iotechnology then rea l ly relate to the important needs o f  
the developing world? On the one hand , othe r  recent revolutions , such 
as that in microe lec tronics of whi ch we are now in the middle , appear 
to have had re lative l y  l i t t l e  impact on the developing wo rld because 
they do not go to the heart of the bas ic  necess i t ies of l ife . 
Biotechno logy , on the other hand , relates close ly to these nece s s i t ie s  
because b io logy i s  the sc ience o f  l i fe and c an contribute to  better 
heal th ,  to  larger food supp l ies  in high ly spec ific  ways that are 
tai lored to local c i rcums tances , and to energy needs .  Although the 
app lication of b iotechno l ogy requires a h igh ly deve loped educat iona l  
system,  a comp lex infras tructure , and s trong , s table support , i t  i s  
s t i l l  relatively cheap o n  the scale o f  international science and i s  
remarkab ly adaptab le t o  local c i rcums tances .  B iotechnology i s  l ikely 
to make speci fic  contribut ions in the areas of vaccines ; a deeper 
understanding of the disease process ; food supp lements ,  pos s i b ly 
spec ific  amino acids to supplement deficienc ies in p l ant proteins ; 
better crop p lants in which those needs could be engineered ; better 
anima l hea l th , which is , of  course ,  a great hope ; and with luck , 
cheaper energy . 

Fina l ly , no such d iscuss ion i s  complete wi thout s ome ment ion o f  
whe ther biotechnology poses  any spe c ial safe ty hazards . S ince the 
f irst  d iscovery of DNA methods , debate has raged about the pos sible 
unique hazards assoc iated with thi s  methodology . In spite of the most  
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careful scrutiny , no problems have ari sen , and i t  i s  s afe to s ay that 
none are expec ted . I t  i s  certainly important to remain vigi lant in 
u s ing thi s  new kind of technology--in us ing any new 
techno logy--because these are s t i l l  early t ime s .  Our experience , 
a lthough reassuring , i s  l imi ted , and there are new pos s ib i l i ties and 
methodologie s c oming a long a l l  the t ime . However ,  none o f  these  poses 
i n any theoretical  way--or in any obvious way--a hazard . In fac t ,  for 
high ly pathogenic microorganisms it is c learly a much safe r  way of 
working . For example , the Lae sa feve r virus found in Afr ica i s  so 
c ontagious and so  deadly t o  work with that a lmost  no progre s s  h�s been 
made on it s ince its isolation , except  for a l i t t le work in the high 
c ontainment l aboratories at the Centers for Disease Contro l .  If the 
genome o f  thi s virus could be c l oned and removed from the labora tory 
and worked on without fear , we might then understand why this virus i s  
one o f  the very rare lethal viruses of man. 

Experience with the foot-and-mouth d isease virus is i ns truc t ive 
in thi s regard . On ly in the last few years were we able to remove 
th i s  virus  from an i s l and in the United S tates whe re the amount and 
s tyle  of work to be done was l imi ted by the local c i rcums tances . The 
abi l i ty t o  remove i t  as a DNA molecule has opened up a range o f  
experimentation that was neve r be fore pos s ib le .  The same th ing has 
obviously happened in many other countries where the c l oning of the 
foot-and-mouth di sease vi rus has great ly expanded the ab i l i ty to work 
with and understand the virus . 

SUMMARY 

We are in the decades o f  biology ; many new c apabi l i ties are with 
us and many more are to come . I f  the develop ing world i s  to reap the 
benefits  o f  this techno logy , i t  probably needs local capab i l i t ies ,  the 
acquis i t ion o f  which require s  t remendous commi tment . One possi bi l i ty 
for accomp l i shing this i s  the poo l ing o f  resources on a regiona l  bas is  
t o  es tab l i s h  laboratories that can attack regiona l problems . Over 
thi s  week of intens ive s tudy , this workshop w i l l  probably c ome to a 
c lear unders tanding of j u s t  which areas are r ipe for inve s t igat ion and 
wil l  consider the i ns t i tutional framework that will  bes t serve the 
needs of the deve loping wor ld .  We s t i l l  expect  new breakthroughs and 
new c apab i l i t ies  to come from the research l aboratory , and i t  i s  
important that these b e  available to benefit  the who le world . 
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Keynote Address 

Perspectives in Biotechnology Research from 
the Point of View of Third World Agriculture 

M. S. SWAMINATHAN 

INTRODUCTION 

Biotechnology encompas ses many facets of the management and 
manipulat ion of the biological sys tem.  In 1981 , the European 
Federat ion o f  B iotechnology de fined this branch of sc ience as "the 
integrated use of biochemi stry , microbiology and chemical engineering 
in order to achieve the technological application o f  the c apac i t i e s  of  
microbe s  and culture cel l s . " A recent o ffshoot of biotechnology 
re search is genetic  engineering , whi ch invo lves gene splic ing and 
recombinant DNA c loning. 

There has been considerable pub l i c  and pol itical intere s t  in this 
fie ld of technology because of reported breakthroughs po ssibly of 
great s ignificance to l i fe on earth . Some examples of these  are : the 
deve lopment of new nit rogen-fixing p lants , s ing le-c e l l  edible protein,  
new c rops re sistant to pests , bac teria for use in waste recyc ling and 
pol lut ion control , and pe trochemical subs t i tutes ; the use of gene 
therapy to correct  monogenic d iseases such as sickle-ce l l  anemia ; the 
use of gene tic  screening for the iso lation of genes respons ible for 
b irth defects ; the microbial product ion of  human insul in ;  the 
produc t ion of inte rferon and growth hormones ; and a gene ral increase 
in the knowledge base of immunological processes inc luding c ancer 
( S tewman and Lincoln 1981 ) .  

I t  i s  wide ly b e lieved that biotechnology wi l l  probably have i t s  
mos t  important impact o n  agricul ture and hea lth . Bol l inger ( 1980 ) has 
cal led t i s sue cul ture "the botanical equivalent of the laser , in that 
there are more po tential  app l i cat ions than orig ina l ly conceived. " The 
vast panorama of possibi l i ties  for the use of t i s sue cul ture 
technique s in agriculture , animal husbandry ,  aquaculture , and fore stry 
i s  j ust  unfolding . 

Fears have also been expre ssed about the potent ial dangers 
inherent in some fie lds of biotechnology research such as gene t ic 
engineering . In addition, doubt s  have been voiced about the wisdom of 
al locating t oo many res ources to new technologies , often at the cost  
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of intens i fying work that uses a lre ady succe s s ful and we ll-tested 
techniques ( Sprague et al . 1980 ) . In addition to cons iderat ions of  
safety and strategy , another conce rn is  the growing secrecy attached 
to b iotechno logy re search because of commerc ial conside rat ions . 

Deve loping countries are natural ly attrac ted to the potent ial 
applications of  b iotechnology research to  a l l eviating hunger ,  
p roviding energy , and improving qua l i ty o f  l i fe .  Natural ly , the 
precise priori ties  of deve loping countries vary wide ly . The National 
Inst itute of Biotechno logy and App lied Microbio logy in the 
Ph i l ippine s ,  for example , has accorded priority to research on 
biofue la , nitrogen fixat ion , food fermentation ,  plant hydrocarbons , 
ant ibiotics , vaccines , microbial insec ticides , and b iomas s  
product ion . The National B iotechno logy Board , es tabli shed by the 
government of India ,  has chosen genetic  engineering , photosynthe sis , 
t i s sue culture , enzyme engineering , a lcohol fermentat ion , and 
immunotechno logy as areas of immediate interest . 

Near ly every deve loping country has p lana or programs for 
harness ing the tools  of biotechnology for nat ional deve lopment . It 
i s , there fore , important that a l l  countries real i s t ica l ly understand 
the problema and potent ials assoc iated with biotechnology research . 
This conference is a very important mi lestone in this respect .  S ince 
food is the first  among the hierarchical needs of man, priori ties in 
biotechnology research as related to agriculture are discus sed here . 

AGRICULTURAL SCENARIO AND BALANCE SHEET 

Current wor ld food stocks are sat isfac tory because of the good 
harvests  of the last few years in North America as we l l  as in moa t 
countries of Asia ( Figure 1 ) . The s ituation of g lobal food security ,  
however ,  i s  far from sat i sfac tory , s ince f luctuat ions i n  product ion 
caused by aberrat ions in weathe r ,  pe at ep idemics , and unfavorable 
public po lic ies could be considerable . Both the Food and Agriculture 
Organizat ion of the Uni ted Nat ions ( FAO) and the World Food Counc i l  
have been emphas izing the need f o r  greate r intere s t  in the deve lopment 
of enduring nat iona l , regional , and global food secur i ty sy stems . The 
pre sent s atisfac tory leve l of g lobal food reserve s thus should be 
regarded only as a breathing spe l l  during which greater efforts for 
e levating and s tabi l izing food product ion should be launched . 

How has the wor ld as a who le been ab le to keep food production 
s light ly above the rate of populat ion growth? New technologies 
lead ing to the deve lopment of high-yie ld ing and management-responsive 
varieties of wheat , r ice , and other major food crops have been 
important fac tors . A major agricultural asset of many deve loping 
countries i s  the vas t ,  untapped produc t ion reservoir aris ing from the 
preva i l ing gap between potent ial and actual yie lds even at current 
levels  of  technology . An import ant agricul tural l iabi l i ty is the 
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shrinking availab i l i ty of land fo r crop product ion .  Paras in aaoy 
countries in Southeast As ia are ge t t ina increas iq ly saa ller,  and in 
aost of the states of Ind ia , the ave rage s ize of a fara hold ing is 
less than 1 hectare (ba) . 

Enhanced food product ion aus t ,  therefore , result large ly froa 
iaproved produc t ivity and aore intense croppiq ; this is wbere 
high-yield techno logy i s  of part icular re levance . Por exaaple , in the 
Phi l ippines a n  add i t ional 3 . 2  ai l l ion ba would bave b�en oeeded to 
achieve the 1 980 rice produc t ion leve l  bad there been no yield 
iaproveae nt s i nce 1 960 (Tab le 1) . In India , ove r 34 ail l ion ba of 
add i t iona l land would have been needed to produce the quant i t ie s  of 
rice and wheat harve s ted in 1979 but for tbe produc tivi ty advances 
aade s ince the aid-1960s ( Tab le 2 ) .  

In s p i te o f  this impre ssive progre s s ,  the vulne rabil ity o f  world 
food produc t ion systems , p art icularly to veatber cood i tions , is very 
great because of the fol lowing fac tors : 

• Much of the surp l us food grains avai lable to supp ly othe r  
countries o n  commerc ial or conce s s ional teras are produced i n  
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TABLE 1 Rice produc tion ,  area , and yield in the Phi l ippines : 1960 , 
1 9 7 0 ,  1 9804 • 

Produc t ion of 
rough rice Area Yie ld 

Year ( thousand tons ) ( thousand ha) ( t /ha) 

1 960 3 , 705 3 , 1 98 1 . 16 

19 70 5 , 343 3 , 1 12 1 .  72 

1 980 7 .  7 23 3 , 459 2 . 23 

•About 3 . 2  mi l l ion ha more would have been needed to achieve the 
1980 product ion leve l at the 1960 yie ld leve l .  

SOURCE : Bureau o f  Agricultural Economics , Phi lippine Ministry of  
Agriculture . 

TABLE 2 Impact of new technology on yield and land requirements in 
India.  

Area Produc tion Area 
( thousand Yie ld ( thousand ( thousand 

Year ha) ( t  /ha) tons ) ha ) 

Rice 1966-1970 36 , 360 0 . 98 35 , 770 

1979  40 , 480 1 . 33 53 , 7 7 0  14 . 331 

Wheat 1 961-1966 13 , 191  0 . 83 10 , 950 

1 9 7 9  2 2 , 560 1 . 5 7 3 5 , 510  20 , 222 

SOURCE : Ministry of Agricul ture , Gove rnment of India .  
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a few countries such as the Uni ted State s ,  Canada,  Aus tra l ia , 
and New Zealand (Figure 2 ) . 

• About 16 crops and 7 farm animal s  provide the bulk o f  human 
food needs . Consequent ly ,  if the product ion of one of the 
maj or crops such as wheat or rice is adve rse ly affected over 
l arge geographic areas , there cou ld be acute food scarc i ty .  

• The e scalating cost o f  ene rgy and the consequent r i se in the 
cost  of food production lead to a s low diffus ion of new 
technology , which is based to a great extent on purchased 
inputs . When the cost  of  production is high , the risk 
involved is  also greate r .  Th e  cos t , risk ,  and return of  
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farming determines the extent to which a farm fami ly wi l l  
inve s t  both money and e f fort . Even in Africa , where per 
capita  food product ion dec lined dur ing the 1 9 70 s , the re are 
examples of a sharp increase in produc t ion when farmers were 
given a remunerative price . This is part icularly imPortant 
in many deve loping countr ies whe re the arab le area per 
agricultural worker is dec l ining . 

Smal l ,  fragmented holdings create problems in e ffic ient 
management . Further , serious prob lems of soil  e ros ion and land 
degradation aris ing from indiscriminate defore s tat ion are encountered 
in many deve loping countrie s .  Accord ing to FAO , 0 . 6  percent of the 
exist ing fores t  cover disappears every year in Asi a ,  which i s  
e quivalent t o  1 . 8  mi l l ion h a  every year o r  3 . 5  h a  per minute . O n  a 
g l obal bas i s , 21 ha o f  tropical fore s t  are disappearing every minute . 

A recent study by a commi ttee e s tablished by the government of 
India to assess fue lvood supplies and needs found tha t ,  in contrast  to  
the present requi rement of 133 mi l l ion tons ( t )* of fue lvood pe r year , 
current e ffort s can provide only 39 mi l l ion tons . The commi t tee 
there fore conc luded that at least 1 . 5  m i l l ion ha of land should be 
planted annual ly with fas t-growing fue lvood species ( Swaminathan 
1982) . Scient i fic use of land thus becomes exceeding ly import ant if 
the food , fue l ,  fodder , fibe r ,  and other needs of t he populat ion are 
to be me t adequate ly.  

The FAO s tudy ( 19 7 9 ) , Agricul ture : Toward 2000 , provides a 
wealth o f  valuab le stati s t ic s .  For examp le ,  for 9 0  deve loping 
c ountrie s as a group , the net ce real s  deficit  of 36 mi l l ion tons in 
1 9 7 8-1979  wi l l  be doub l ed by 1990 and doubled again by 2000 . In other 
word s ,  18 years from now the gap be tween demand and supply in  these  
count ries wi l l  be  144 mi l l ion tons . Sixty percent of total cereals 
vas c onsumed as feed in deve loped countries , and the demand for animal 
produc ts  tends to grow with increased income . FAO has further 
projec ted that by the year 2000 , 7 percent of  the populat ion o f  
deve loping countries wi l l  remain undernourished . Can we integrate 
appropriate segments of  eme rging technologies wi th tradit ional ones t o  
find speedy and e f fective solut ions to the problems of unde rnutrition 
and malnutr i t ion? 

AGRICULTURAL PRODUCTION STATEGIES 

The maj or pathways of improved productivity wi l l  have to be 
i ncreased yields and more intens ive c ropping . Mul t ip le cropping i s  
possible  i n  the tropics  and sub t ropics  because of the abundance of 

*Me tric tons are used throughout this report . 
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TABLE 3 Increase in areas under irrigat ion (mi l l ion ha) : 1961-1965 
to  1977  ( annual average ) .  

1961- Percent 
1965 1 9 7 7  increase 

Africa 5 .8 7 . 8  1 3 . 4  

As ia 100 . 0  128 . 8  28 . 8 

South America 4 . 9  6 . 5  32 . 6  

Al l deve loping countries 1 10 . 0  144 . 9  3 1 . 7  

Al l developed countries 39 . 0  52 . 9  35 . 6  

World 149 . 0  198 . 0  3 2 . 9 

SOURCE : Data taken from FAO . 

sunshine throughout the year . The maj or constraint , however ,  i s  wa t e r  
ava ilabi l i ty , and moa t  deve loping countries are making .. j or 
inves tments in bring ing more land under irrigation ( Table 3 ) .  

More nutrients are required for both higher productivi ty and more 
intens ive c ropping . Many o f the soils  in Southeas t As ia and Latin 
America  suffer from mineral s tres s , and thus p lant nutrition ,  so i l  and 
plant health care , as we l l  as i rrigation require s imul taneous 
at tent ion . At the same t ime ,  steps mus t  be taken to expand the area 
under cul t ivation through the rec lama tion of soils  a f fected by factors  
re tard ing heal thy crop growth . For examp le , in South and Southeas t  
As ia about 86 mi l l ion h a  can b e  made more productive provided tha t  
problema of  sal ini ty ,  alkal ini ty , and other adverse s o i l  conditione 
are rec t i fied (Table 4 ) . Fortunately , it is pos s ible to breed 
varieties  tolerant to s ome of the adverse s o i l  factors (Table 5 ) .  

Deve loping countriea face the dilemma o f  having to improve both 
production and consumpt ion s imul taneous ly . This  w i l l  be poaaible  
under current economic conditions only  i f  production costa are kept a s  
low a s  poa sible s o  that the output price i s  reasonable t o  a majori t y  
of  consumers . The a l ternative i s  to subs idize e i ther input , output , 
or both . Moa t  deve loping countries cannot bear the financ ial burden 
involved in extens ive farmer and consumer subs idies . Since energy in 
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TABLE 4 Extent of problems affecting rice lands of South and Southeast 
As i a .  

Soi l  prob lem 

Sal inity 

Alka l inity 

Acid sulfate soil condition 

Pea t  s o i l  condit ion 

TOTAL 

Area 
(mi l l ion ha) 

53 . 2 

7 . 0  

5 . 3  

21 . 0  

86 . 5  

SOURCE : Internationa l  Rice Research Inst i tute , Loa Banos , Phi l ippine s .  

TABLE 5 Performance of  rice varie t ie s / l ines tolerant of prob lem 
soi l s .  

Yie ld 
So i l  problem Var ie ty or line ( t /ha) 

Sal in i ty IR50 , IR5657-44 3 . 6  

Alka l inity IR3 6 ,  IR4595-4 3 . 6  

Strong acidi ty IR42 , IR4683-54 4 . 2 

Pea t  IR42 , IR8192-31 3 . 1  

Aluminum tox ic i ty IR43 , IR6115-l 3 . 8  

Phosphorus defic iency IR52 ,  IR8192-200 4 . 4  

Zinc deficie ncy IB.36 , IR81 92-31 2 . 9  

Iron defic iency IR36,  IR5 2 2 . 8  

SOURCE : IllRI ( 1981 ) . 
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the form of fertilizer , irrigation ,  til lage , and postharve s t  
techno logy operat ions i s  a n  important component i n  the cos t of  
produc t ion ,  fos s i l  fue l require.ents aus t  be  reduced . Thus the 
chal lenge to those in charge of technology deve lopment i s  to bring 
about continuous improvement in the productivi ty of major farming 
sys tems per unit of land , water , t ime , and energy without detriment t o  
the long-term produc tive potential of the soil . Can biotechno logy 
he lp in this task? Taking rice as an example , the fol lowing 
i l lus trates the s cope for integrat ing recent advances in biotechno logy 
with the techniques al ready in use . 

APPLICATION OF BIOTECHNOLOGY TO RICE PRODUCTION 

In its  s tudy , Agriculture : Toward 2000 , FAO ( 1979 )  has projected 
the need for the produc t ion of an addit ional 300 mi ll ion tons of r ice 
between 19 74-19 7 6  and the end of the century . The rate o f  growth in 
world demand for rice during the 1980s is  expec ted to be on the order 
of  2 . 9  percent a year.  In contrast to the other cereals , the demand 
for rice wou ld remain overwhe lmingly for direct use as human food . If 
past  trends in demand and produc tion cont inue , the deve loping 
countries ' gross import requirement for rice wou ld rise from 8 . 3  
mi l lion tons o f  paddy in 19 74-1976  t o  3 3  mil l ion tons in 2000 . 
Through expanded irrigat ion and improved produc tivi ty , i t  should be 
poss ible for deve loping countries to meet 200 mi l l ion tons of the 
additional demand through grea te r home produc t ion (Table 6 ) . Thi s  
wi l l  require a n  opt imum blend of technology , services , and public  
pol icies . 

Severa l years of breeding and select ion work are needed to 
incorporate useful gene s  from a suitable donor strain into a 
commerc ially popular variety . The breeding of the rice variety IR36 , 
which now occupies over 10 mil l ion ba in As ia , took about 7 years . 
Seed product ion on a scale necessary to cover large areas takes 
another 2-3 years . Thus about 10 years is needed from the ti.e a 
cross i s  made unt il  it makes a widespread impact , even when two o r  
three crops can b e  grown in a year . Us ing such techniques as "rapid 
generation advance , " some strains of  rice wi l l  produce four crops a 
year .  

Another recent example o f  the t ime taken for trans ferring a 
des irab le gene from one gene tic background to another is the work on 
high-lys ine corn .  The opaque-2 gene discovered at Purdue Univers i ty 
in the early 1960s bas been assoc iated with several undes irab le 
traits . It is  only after 12  years of  pat ient research tha t s cient i s t s  
a t  the Internat ional Ma ize and Wheat Research Center i n  Mexico 
(C IMMYT) have been able to combine the high-lys ine character with 
other des irable trait s .  
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TABLE 6 Area , yield , and production of rice ( paddy ) in deve loping 
countries : 19 74-19 76 and 2000 . 

Harves ted area Yield Product ion 
Land and (mil l ion ha) ( t /ha) (mi l lion tons ) 
water c lass 19 74-1 976  2000 19 74-1976  2000 19 74-1976  

Rainfed 62 . 6 5 7 . 8  1 . 5 2 . 1 9 5 . 4  

Irrigated 36 . 5  64 . 8  2 . 7  4 . 1 97 . 6  

Tota l 99 . 1  122 . 6  1 . 9  3 . 2  193 . 0  

SOURCE : FAO ( 19 79 ) . 

Thus , in the 1980s , improved food produc tion wi l l  depend larse ly 
on material already in the plant breeders ' assembly l ine .  Research 
and deve lopment estab lishments should be bridsins the sap be tween 
potent ial and actual yields in small  farmers ' fields by he lpins to 
e l iminate the cons traints responsible for this sap. Any new research 
program planned and ini tiated now wi l l  be re levant large ly to 
increas ing and s tabi lizing food produc t ion in the 1990s . It i s  
e s sent ia l ,  there fore , that i n  agricultural research and deve lopment 
pl anning , both the short- and long- term goals  and needs are given 
appropriate and concurrent at tention. 

2000 

1 23 . 8  

264 . 9  

388 . 7 

In the fol lowing sec tions , improved y ie ld and nutrient supplies 
for rice are used as examp les of  re search goals for which the 
appl ication o f  t i s sue cul ture and genetic engineering techniques could 
be of great value.  

Ra i s ing the Ce i l ing of Yie lds 

The potent ial and actual experimental r ice yie lds under two 
leve ls  of inc ident so lar radiation represent ing the wet and dry 
seasons in monsoon As ia are ind icated in Figure 3 .  The term 
" favorab le conditions" re fers to the conditions under which diseases , 
insec ta , water , fert i lizers , and cul tural pract ices do not l imit r ice 
growth and yield . The data sugge st that furthe r increases of rice 
y ie ld by 2 . 2  t /ha for the wet season and 3 . 5  t /ha for the dry season 
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FIGURE 3 
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Potent ial under favorable condit ions and ac tua l 
experimental rice y ie lds during the wet and dry 
seasons in monsoon As ia.  

would be rea listic  target s .  The fol lowing as sumptions underlie t h i s  
conc lusion : 

• Est imated potent ial yields  were calculated as suming that t he 
amount of incide nt solar energy dur ing the grain f i l l ing 
period and e fficiency of energy use by a crop u l t imately 
determine the yie ld.  

• A yield of 6 t /ha for the wet season and 9 t /ha for t he d ry 
season were chosen for the experiment station .  The se yie lds 
c an be e a s i ly produced with a good variety and appropriate 
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management . Yields higher than these have been reported , but 
they were obtained under except ionally favorable conditions 
or by us ing "a spec ial treatment" such as carbon d ioxide 
enrichment before or after head ing . 

• The 300 and 5 50 calories (cal )  per square cent imeter ( cm2 ) 
per day represent leve ls of incident solar energy dur ing the 
ripening period o f  the rice  crop in monsoon Asia during the 
wet and dry seasons , respectively .  In Austra l ia and the 
s tate of Ca li fornia , much higher leve ls of so lar energy , that 
i s ,  600-700 cal/cm2/day , are availab le . 

• A 3 . 0  percent energy-use efficiency is given for the wet 
season and 2 . 5  percent for the dry season .  Energy-use 
efficiency is expected to decrease as the leve l of inc ident 
solar energy increases .  But the se high values  we re obtained 
for the vege tat ive growth stage . During the ripening period , 
senescence i s  unavoidable and thus the energy-use e f fic iency 
during that period is inevi tably lower than during the 
vegetative s tage . Differences in energy-use e ffic iency 
between the es timated potential yields and the experime nt 
s tat ion ' s  y ie lds are be tween 0 . 7  and 0 . 8  percent . 

Bridging the Gap Between Ac tual and Potential Yie lds 

A number of physiological factors may contribute to reduc ing the 
g ap be tween actual and potential yields : 

• Increasing biomass produc tion 
Fas t  leaf area deve lopment 
Low maintenance respirat ion 
Low photorespirat ion 

• Increas ing a crop ' s  s ink size 
Large numbe r of spike lets  per shoot 
Large grain size 
Greater part i t ion of  assimi lates into spike le t  format ion 
Increase in the harve st index ( up to 0 . 6 )  

• As suring bet ter grain f i l l ing 
Slow senescence 

-- Maintenance of  a heal thy root system 
• Increasing lodging res is tance 

Stiff  culm 
Slow senescence 
Maintenance of a heal thy root system 

In the pas t , s lower ini t ial growth was corre lated with higher 
y ie lds because the old variet ies were tall  and susceptible to  
lodging . With short-statured and lodging-resistant varie ties , fast 
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ini tial growth is one requirement for maximum crop photo synthe si s .  In 
theory , the land shou ld be covered with leaves as ear ly as pos sible , 
and the leave s should be erect to increase photosynthe s i s .  

Dark respiration i s  d ivided into two components ,  growth 
respiration and maintenance respiration .  Growth respi ration cannot be 
changed unle ss  biochemical pathways are modified . Maintenance 
respirat ion is used for protein turnover and ac tive ion t ransport . It 
i s  pos s ible to look for a varie ty with a lower maintenance 
respiration .  The total e l imination of photorespi rat ion i n  r ice may 
increase ne t photosynthe sis  by 50 percent . Reduced maintenance 
re spiration and photorespiration should increase leaf photo synthesis .  

A sma l l  s ink s ize generally l imits rice  yields under favorable 
conditions . To increase the sink s iz e ,  the number of spike let&  per 
shoot and grain s ize mus t be increased s imultaneously . This is now 
be ing attempted by the Plant Physiology Department of the 
International Rice Research Inst i tute ( IRRI ) . In a physiolog ical 
sense , greater part it ioning of the assimi lates into spike let format ion 
before beading wi l l  result in a larger s ink size . Young spikelet&  
compe te for assimi lates with flag leaf  and culm ;  this  proce ss is  
probably under hormonal contro l .  In  terms of morphology , short culm 
and smal l  f lag leaf favor grea ter part i tioning of assimilates into 
sp ike let s .  

Increased sink s ize should also be coup led wi th a n  increased 
harve s t  index . Modern indica varie t ies have a harve st  index of about 
0 . 5 ;  this could be increased to 0 . 6 .  

Slow sene scence assures ac tive photosynthe sis  dur ing the grain 
f i l ling period and contribute s to increased resistance to lodging . 
Leaf sheath contributes to the breaking strength of t he shoot by 
30-60 percent . 

Ma intenance of a healthy root sys tem i s  also  important , in 
addit ion to water and nutrient uptake , for ( 1 )  product ion of 
cytokinin, a p lant hormone responsible for sene scence ; and ( 2 )  better 
anchorage of the crop s tand to prevent root lodging . 

Stiff  culm mus t be considered in addition to short p lant s tature , 
and the increased importance of re sistance to lodg ing can be c learly 
i l lus trated as follows . With a harve s t  index of 0 . 5 ,  8 . 2  tons o f  
straw supports 8 . 2  tons of grain (estimated potential yield ) ,  for a 
total biomass of 1 6 . 4  tons . When the harve st  index is  increased to 
0 . 6 ,  5 . 5  tons of s traw must support 8 . 2 tons of grain . Thus the straw 
must be much stiffer even though the total biomass produc t ion i s  less 
( 5 . 5  + 8 . 2  • 1 3 . 7 tons) . Special attention should be given to this 
charac teri stic  s ince recent variet ies such as IR36 , IR42 , and IR50 
have less resistance to lodging than IRS . 
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The Ro le of Biotechno logy Research 

The possible appl ications of b iotechnology to r ice improvement 
are indicated be low. Although the basic  techniques were deve loped in 
the past , the app l icat ion of these techniques to crop improvement is a 
new avenue of re search . 

• Ce l l  and t i s sue culture 
Induc tion and select ion of use ful mutants at the ce l lular 
leve l ( salt  tolerance , aluminum toxic ity to lerance , 
high-lys ine and h igh-protein content , low 
photorespiration ,  disease re sistance , low oxygen 
tolerance)  
Embryo cul ture ( intra- and interspecific hybrid izat ion) 
Anther and po llen culture ( reduc ing breed ing t ime ) 
Protop last fus ion ( interspec i fic and intergeneric 
hybridizat ion , hybrid rice improvement , Azol la 
improvement ) 

------

• Genetic  engineering ( incorporat ion of  ni trogen f ixat ion gene s )  

Mod ificat ion of single cells  is  the end o f  re search for 
microorganisms , but it is j ust the first step for higher p lants . Thus 
further advances  in cell  and tissue culture techniques are 
ind ispensable if genetic  engineering is to be useful for the 
improvement of highe r plants such as rice . In higher plants , cells 
mus t  be modified , mul tiplied , and regenerated into the who le p lant . 
Fur ther , the modi fied trai ts  must be mani fe sted in the who le p lant and 
re tained for succeeding generat ions . In ce l l  and tissue cul ture , two 
prob lems require intens ive research : 

• Understanding mechanisms of genotypic differences in p lant 
regenerat ion and deve lop ing methods to overcome such 
differences . 

• Deve loping me thod s to regenerate p lants from long-term 
cultured cal lus and cell  suspension. 

W i thout solving these two prob lems , the use fulness of  cell and t i s sue 
c u l ture , and thus genetic  engineer ing , may rema in confined to a very 
narrow range of materials and prob lems . 

Plant ce l l  and tissue cul ture can be put to a number of good uses 
immediate ly . Among the various technique s in ce l l  and t i s sue cul ture , 
induc t ion and select ion of us eful mutant s at the ce l lular leve l is 
probably the mos t  promi s ing approach to rice improvement . At IRRI , 
work on salt  tolerance and aluminum toxic ity tole rance is now under 
way , and work on high-lys ine and high-protein rice wi l l  soon be 
ini t iated . 
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Low pbotoreapiration baa been s tudied at several laborator ies , 
and present ly , t issue cul ture i s  being used to reduce the 
photore apirat ion ra te of tobacco plants . Pbotoreapirat ion inhibi t•>ra 
are also being s tudied intensive ly at several laboratories .  

Tissue cul ture baa also been used t o  increase the lys ine cont•!nt 
of rice , but results indicate that there has been a greater increa•te 
in the prote in and only a al ight increase in the lysine content of the 
grains . 

Di sease re sistance can be increased by tissue culture when 
particular toxins are direct ly involved in the disease deve lopment . 
Appl ication of t i s sue culture to sheath bl ight resistance wi l l  a oo11 be 
initiated at IRRI . 

Embryo culture has been used to achieve interspeci fic 
hybridizat ion at IRRI , although no results have been obtained thus 
far. Because of the s implicity of  the technique , embryo culture m�•Y 
be use ful in some ins tances where post-fert i l izat ion abnormalit ies 
impair embryo development . 

Anther culture may not be use ful in r ice breeding unless furthe r 
advance s  are made in p lant regene ration and pol len cul ture . In China , 
several rice varie t ies were produced by anthe r cul ture , but they were 
japonica varieties . Plant regene ration prob lema hamper usefulne s s  of 
anther cul ture in moa t  ind ica varie ties . 

Othe r app lications of ti ssue culture techniques inc lude the 
standard ization of  methods for breeding perennial p lants like coconu t , 
rubber ,  and fast-growing fue lwood trees . Coconut , for example , is  
afflicted by  d iseases of  unknown e t iology such as cadang-cadang i n  the 
Phi lippines and root wi lt in Ind ia . Howeve r ,  hea lthy pa lma with a 
high yield potent ial can be found growing in the midst of severe l y  
infested coconut palma . Because coconut is an ob ligatori ly 
cross-pol linated p lant , i t  i s  dif ficult to fix desirable genotypes .  
Vege tative propagat ion of disease-resistant , high-yield ing palma 
through tissue culture may be of part icular va lue here . 

Biological Nitrogen Fixat ion 

The incorporat ion of nitrogen fixation genes into rice by means 
o f  gene t ic engineering is  the moat ambi tious subje ct . At least 
1 7  genes are involved in the nitrogen fixation system, but it  is s t i l l  
not known whe ther o r  not manipulation o f  such a large number o f  genes 
i s  possi ble . In view of the widespread interest  in this fie ld , 
problema re lat ing to nitrogen fixation are reviewed separate ly he re in 
some detai l .  

We t land rice has been grown wi thout nitrogen fertilizer for 
centurie s .  Long-term ferti l i ty experiments in both temperate and 
tropical regions indicate that about 50 kilograms ( kg )  of nitrogen 
( N2 ) per hec tare are absorbed by every crop of rice in non-nitrogen 
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p lo t s .  Mos t  of this amount ia compensated for by biolog ical nitrogen 
f ixation .  

We t lands are quite we ll  auited t o  biological nitrogen f ixation a a  
t he floodwater provides a suitab le home for phot otroph ic ,  
nitrogen-fixing organisms , and the anaerobic soil i a  a suitable aite  
for anaerobic ni trogen fixation .  The wet land r ice root provides 
another s i te for nitrogen f ixation by support ing nitrogen 
"rhizobacteria" ( bacteria that live in and around the root ) ,  but 
d ry land rice baa l i t t le ability to do thi s .  

The maj or nitrogen-fix ing agent s i n  wet land rice aoi la are 
( 1 )  free-l iving , b lue-green algae ( BGA) ; ( 2 )  b lue-green algae 
symbiotic with the water fe rn ,  Azo l la ;  ( 3 )  he terot rophic , 
nitrogen-f ixing bac teria associated mainly wi th the roots o f  rice ; 
( 4 )  he terotrophic , nitrogen-fixing bac te ria growing on plant reaiduea ; 
and ( 5 )  rhi zobia in symbios i s  wi th aquatic  legumes . 

Blue-green Algae . Inoculation of  BGA ia wide ly used in Egyp t ,  
India,  and Burma , and the preparat ion o f  inoculum i a  we l l  deve loped aa 
a amal l-aca le vil lage biotechnology . Becauae l i tt le i a  known about 
the re lationship be tween inoculation and grain yie ld , a tudies on the 
availabi l i ty of  algal nitrogen and the ec ology of blue-green algae 
have been initiated at IRRI , which baa publiahed an extens ive survey 
of the l iterature on blue-green a lgae in rice aoi la (Roger and 
Ku lasooriya 1980 ) . Fie ld experiments there show that rice yie lds 
result ing from inoculated algae are on an average 16 percent higher 
than yields baaed on uninoculated algae ( Tab le 7 ) .  

Although the preparation and t ransport of inoculum ia easier than 
for Azol l a ,  the e s tab lishment of inoculated BGA ia rather sporad ic . 
Lit t le i a  known about the cond i t ions leading to successful inoculat ion 
and about the factors that govern the survival of the b lue-green 

TABLE 7 Average e ffects  of algae inocu lation on rice yields in fie ld 
experiment s .  

Mean 

Number of data 

Control 
grain yield 
( kg/ha) 

30 16 

30 

Increased 
grain yie ld (kg/ha) 
result ing from 
a lgae inoculation 

485 

SOURCE : Roger and Kulaaooriya ( 1980 ) .  

Percent increase 
over cont rol 

16 . 1  

87  
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algae . The existence of indigenous BGA and algae predato rs and 
mineral deficienc ies in the soil  would l iait the establishment of 
inoculated BGA. 

BGA is  s t i l l  not a faailiar tool for gene engineering , s ince only 
a l imi ted number of s trains are free from bacteria ,  and no vec tor of 
gene i nformation has been found . Some urgent requirements in this 
area are : 

• S trains should be col lected and se lected for environmental 
adaptat ion as we l l  as for nitrogen fixation.  

• Informat ion is  needed on how to encourage the growth of 
des irab le organisms and discourage the growth of undesirab le 
indigenous a lgae and predators . 

• Low-coat  sources of a controll ing predator such as neea 
( Azadirachta ind ica ) seed should be sought . 

• A poaa1ble gene-trAns fer  suitab le to BGA should be sought ; 
protop last fusion would be one of the techniques .  

Azol la-Anabaena Symbiosi s .  The potential o f  � a s  a 
nitrogen-f ixing , green manure crop sui table to r ice culture has been 
recent ly recognized by many researche rs , agricultural admini strators , 
and farmers . Azol la pinnata can f ix nitrogen at the aaxiaum rate o f  
about 3 kg /ha dai ly and A.  filiculoidea a t  the rate o f  1 0  kg /ha 
dai ly . 

Azo l la require s high leve l s  of phosphorus in the soi l ,  a 
re lative ly mi ld temperature (pre ferab ly le as  than 30 ° C ) , good water 
contro l ,  and the contro l of insec ta  that cause serious daaage , 
particularly in the trop ic s .  Areas that aeet the se requi rements only 
have l imited rainfed tropical rice culture . 

Azo lla  must be maintained throughout the year as a vegetative ly 
growing plant and trans ferred and inoculated in the fresh s tate . 
Azol la forma aporocarpa (ma le and female organa ) ,  wh ich can be used 
for germ p lasm maintenance and propagation ,  but the conditions 
neces sary to induce the se artif icial ly are not known , and arti f ic ial 
mating has been thus far unsuccessful . Cross ing Azol l a  species by 
asexual recombinat ion c ould prompt an improvement in strains , and 
pro toplast fusion may be of value for thi s .  This technique could a l so 
be tried between Azo l la and Anabaena ( Figure 4 ) . 

Azolla has been used in China and northern Vietnam for centurie s ,  
and recent ly trials to use i t  as a green manure crop were conducted in 
other As ian countries . The International Network of Soi l  Fert i l i ty 
and Fertil izer Evaluation for Rice ( INSFFER) , organized by IRRI , has 
examined the effect of Azolla green manuring . It confirmed tha t one 
crop of Azo l la gave an increase in rice yie ld e quivalent to that 
obtained by the app lication of  30 kg N2 /ha of urea ( Table 8 ) . 

In the southern Phil ippines , the Azol la technique was 
succe ssfully introduced over several t�d ha , and farmers reported 
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Protoplast fusion between 
plant and blue-green algae 

FIGURE 4 Potent ial application of protoplast fus ion to Azo l la .  
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TABLE 8 The effect  of Azol la incorporation as compared with chemical 
nitrogen fert i l izer. 

No nitrogen 

30 kg N2 /ha urea spl it  

60  kg N2 /ha urea split  

Azolla grown before 
�nsp lanting 

Azol la after transp lanting 
---and incorporated 

Azol la after transplanting 
� not incorporated 

30 kg N2 /ha + Azo l la 
before transp lanting 

30 kg N2 /ha + Azol la 
after transp lanting 

Azol la be fore and after 
�nsplanting 

Number of  si tes 

Source : INSFFER. 

Grain yie ld in t /ha ( index ) 
1 9 7 9  1980 

2 . 6  ( 100 ) 

3 . 2  022)  

3 .  7 041 ) 

3 .  2 022 ) 

3 . 1  ( l l8 )  

3 . 1  ( l l9)  

3 .  7 043 )  

3 . 5  034) 

3 . 6  ( 1 39)  

13  

3 . 2  ( 100 )  

3 . 8  ( 123)  

4 . 2  039)  

4 .0  0 23 ) 

3 . 9  023)  

4 . 0  023)  

4 .4  ( 140 ) 

4 . 4  035)  

4 . 2 037 ) 

19 

that two crops of  Azo l la ( be fore transp lant ing and after harve st  o f  
rice ) cou ld rep lace chemical nitrogen fertilize r .  IRRI maintains 
Azol la col lect ions that inc lude s ix spec ies and screens s trains 
suitab le for the use in the tropi c s .  

Because o f  i t s  high protein content , Azol la is  a l s o  a potent ial 
source of  animal and fish nutrition and can be used by farme rs with 
smal l  land holding s .  
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Nitrogen Fixat ion Associated With We t land Rice . Since the 
d i scovery of a sens it ive assay for detect ing nitrogen fixat ion through 
acetylene reduc t ion , many scientists  have reported that several 
non-nodulat ing p lants , part icularly gramineous p lants , f ix ni trogen in 
a s soc iat ion with bacteria living in and around the root . To a small  
extent , C4 grasses in the trop ics and wet land plant s ( inc luding 
r i c e )  show highe r ac t ivities than others .  

Direct  evidence of ni trogen fixation us ing 15N2 has been 
obtained for we t land rice , and Digitaria and Paspa lum . In we t land 
r i ce soi l s , about 5-10 kg N2 /ha may be f ixed by the he terotrophic 
bacteria as sociated with rice . When Va( ious groups of nitrogen-f ixing 
bac teria were isolated from the s tem and roots of wetland r ice , it was 
found that , at mos t ,  nitrogen-fix ing bacteria occupied 90 pe rcent of 
the he terotrophic bacteria iso lated from the root . 

Inoculat ion of bac teria isolated from roots (Azospirillum) to 
p l ants  was some times pos itive in its  impact on growth and nitrogen 
f i xat ion , but the results  were quite variab le .  Differences among 
cultivars in the ir abi l ity to support nitrogen fixat ion in the root 
zone have been reported . Screening of variet ie s  more capab le of 
s t imulat ing nitrogen f ixat ion in the root zone is one way to increase 
f i xat ion by this  mechanism. 

De spite many report s of the potent ial of nitrogen f ixat ion in the 
root zone of non-nodulat ing p lants , convinc ing data that pinpo int the 
importance of this mechanism are ve ry l imited , Further ,  desp ite many 
reports of the presence of Azospiri llum and its inocu lation , 
convinc ing data e s tab lishing the actual involvement and dominance o f  
th i s  bacteria i n  nitrogen fixation are scarce . Too little is also 
known of its  phy s iology for it  to be used effective ly ,  and of  the 
p lant charac teristics needed to support it more effic iently,  

Sesbania and Ae schynomene are leguminous p lant s that can grow in 
an aquat ic environment , and Se sbania rostrata and Ae schynomene ind ica 
form s tem nodule s .  Because of  these nodule s ,  nitrogen fixat ion by 
S .  ros trata is less  inhibited by nitrogen from fert ilize r  than 
ord inary root nodule-bearing leguminous p lants . Sesbania se sban i s  
wide ly used i n  the tropics for inte rcropp ing among rice . ------

Because o f  its  he ight , Sesbania competes with rice p lant s at its  
lat e r  growth stage , and is , therefore , grown at  a late stage of  the 
f ir s t  crop of rice . It is allowed to grow further after harvest  of 
the rice crop and is  used as fert il izer for the second crop , a 
pract ice common in Vie tnam . Co llect ion of Sesbania species  and 
s t rains is needed to exp loit this poss ibility .  

Comprehens ive , Integrated Use of Bio logical Nitrogen Fixat ion in 
Rice Culture . None of the nitrogen- fixing systems mentioned thus far 
can be the sole source of nitrogen in r ice cult ivation . Combinat ions 
of pos sible sources shou ld be us ed based on a clear unders tanding of 
the re lative importance of each nitrogen-fixing agent under d i f ferent 
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environmental , cultural , and social conditions . Azol la , for example , 
i s  more suitab le for double cropping of r ice in i rr igated areas than 
in rainfed areas . In contras t ,  the BGA technique can be ea s i ly 
adopted i n  rainfed areas . Cont inuous f looding is needed for the 
product ion of large quantities  of biomass by indigenous BGA. In such 
case s ,  inoculat ion of eve ry crop would not be e f fect ive because o f  
we ll-establ ished indigenous BGA b iomas s .  

Ni trogen f ixat ion b y  BGA and heterotrophic bacteria could coe x i s t  
because the ir ecological niches are different . BGA is ac tive mainly 
in early s tages o f  rice growth , whi le nitrogen fixation associated 
with root bacteria is  active during the reproduc tive stage . 

The f inal goal of the techno logy of nitrogen f ixat ion is , of  
course ,  to minimize dependence on  chemical nitrogen fert i l i ze r  through 
the use of biofert ilizera . IRRI sc ientists  be l ieve that the 
cont inuation and strengthening of current ly ope rat ing systems of 
interac t ion be tween nitrogen-fixing bac teria and rice roots i s  the 
most  feas ible way to increase the nitrogen f ixat ion as soc iated with 
rice . In v iew of  the fac t that the l iving root is inhabited with 
lo7-lo9 cella  of bacteria per gram dry root , the introduc t ion o f  
nitrogen-fixing genes b y  gene t ic engineer ing techniques is worth 
try ing . Moa t  of the he terotroph& isolated from r ice roots  can f i x  
nitrogen , al though their abil i ty t o  f ix nitrogen is  1 0  t imes lower 
than that of  the moa t  act ive nitrogen-fixing bacteria. If the 
nitrogen-fixing activity of the se "rhizobacter ia" of r ice could be 
increased , and i f  they were able to excrete NH4 to out side ce l l s  
(derepress ion) , progre ss may be expected . 

Another encouraging feature i s  that most  of these "rh izobacteria" 
can utilize the hydrogen gas produced in a paddy field from organic 
matter . If the abi l i ty o f  these bacteria to use hydrogen as an ene rg y  
source could b e  improved , wetland r ice root would be qui te unique a s  a 
recyc ler o f  energy was ted as hydrogen. IRRI i s  wi l l ing to coopera te 
in such research with scientists  and inst itut ions inte re sted in 
increas ing rice yields wi thout an assoc iated increase in the 
consumpt ion of mineral fert ilizers . 

Protoplast Fus ion 

The Univers ity of Not tingham and IRRI are undertaking a j oint 
proj ect to util i ze the scope offered by protop last fus ion in the 
following areas : 

• Hybrid rice produc t ion. The People ' s  Repub l ic of China i s  
cult ivating nearly 6 mil lion ha o f  hybrid rice , baaed on 
cytoplasmic male s teri le l inea ident ified in varieties 
adapted to temperate condi t ions . Male s teri le l inea and 
re storers should also be developed for variet ies 
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characterized by adap tation to tropical condit ions as we l l  as 
by good combining abi l ity . In add it ion, the scope for 
hetero s is in root growth and early seed l ing vigor must  be 
s tudied , pos s ibly us ing the tools of somat ic and sexual 
genet ics . It  wi l l  be nece ssary to use anthe r culture for 
product ion of haploids to maintain the chromosome number at 
the d iploid leve l (Figure 5 ) .  

• Pro toplast fus ion and hybrid cell  regeneration will  be used 
in interspecific hybr id izat ion in Azol la . At tempts wi l l  also 
be made to bring about fus ion be tween-the ce l ls of Azolla and 
Anabaena . 

------

Gene t ic Eng ineering 

There bas been an impre ss ive increase in the amount o f  pub l ished 
material on the appl icat ion of gene t ic engineer ing research to crop 
improvement . A conference convened in 1980 by the Rocke fe l ler 
Foundat ion on "Genet ic Engineer ing for Crop Improvement" re sulted in 
an exce l lent account o f  pos s ibilities and problems ( Rachie and 
Lyman 1981 ) .  Mee t ings organized by the U . N .  Industrial Deve lopment 
Organizat ion for deve loping a project  on the es tablishment of an 
International Centre for Gene t ic Enginee r ing and B iotechnology have 
a l s o  provided valuab le informat ion , and this author ( Swaminatban 1981 ) 
baa reviewed the potent ial value of integrat ing emerg ing and curre nt 
techniques of p lant breed ing . 

It is  c lear from a survey o f  the pub lished l iterature that 
knowledge is  lacking about the structure and organi zat ion of gene t ic 
inf ormat ion in p lant s ,  as we l l  as about the processes re lated to gene 
regulation and express ion . A somatic c e l l  popu lat ion direc t ly 
i so lated from the p lant repre sent s a valuable source of gene t ic 
var iat ion of interesting ,  pract ical consequences . I f  a bet ter  
understanding is gained o f  the b iochemical proce sses that contro l ce l l  
d i f ferent iat ion and the deve lopment o f  organs with specialized 
func t ions in whole p lant s ,  cel lular tot ipotency ( the abi lity to grow 
who le plants from sing le ce l l s )  cou ld be put to many uses . 

An area o f  research that needs urgent at tention is the 
development of fast-growing fue lwood trees . All aspec ts of re search 
re lated to "energy agriculture" deserve the h ighest  priority i f  
further damage t o  so i l  hea lth a s  a re sult o f  de fore station and soil  
ero sion is  to be arres ted in the t ropics and subtrop ic s .  For example , 
could annual varieties of bamboo be deve loped by cros s ing bamboo with 
sugarcane and other appropriate crops?  Leguminous shrubs and t ree s 
p rovide cons iderab le oppo rtuni ties for improvement . Now that an 
Internat iona l Research Ins titute for the Winged Bean ( Psopbocarpus 
tetragonolobus ) has been established in Sri Lanka , it should be 
possib le to initiate a research program des igned to deve lop e rect  and 
se l f-s tand ing strains of winged be an. 

.... .. 
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"S" cytoplasmic donor 
(e.g., Chinese cytosteri le V 20A) 

E l i te breeding l ine, nonrestorer 
wi th "N" cytoplasm and good 
combining abi l i ty (e.g., I R  1 1 248-242·3-2A) 

Protoplast cul ture and fusion techniques 

New cytosteri le  Cybrid 
I R 1 1 248-242·3·2A New cytosterile 

IR 1 1 248·242·3-2A 

Nuclear 
substitution 
l ine V20 in 
N cytoplasm 
(ferti le)  

Nuclear substitution 
l ine V20 in cybrid 
(fert i le)  

FIGURE 5 Use of protoplast cul ture and fus ion techniques to 
develop new cytop lasmic ma le s terile line s in rice . 

In the choice of problems , it is obvious that tho se that de fy 
solut ion through already avai lable techniques should be se lec ted . 
Solving a problem rathe r than worshipp ing a tool should be the goa l .  
This does not mean that speculat ive and imag inat ive research by g i f ted 
sc ient i s t s , which may or may not yield the re sul ts sought , should not 
be supported . In the inte rest  of gene ra tions ye t to be born , 
imaginative re se arch shou ld always receive support without a prior 
j udgment about its  ultimate value . 
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NEEDS OF DEVELOPING COUNTRIES 

Deve loping countries are natural ly concerned about the needs to 
avoid technological obs olescence and to profit from the most  recent 
a dvances in technology . Wh i le sc ience he lps to advance the front iers 
o f  knowledge and hence is  of value regardless of the source of the new 
knowledge , for technology to be e ffec t ive in advanc ing product ion i t  
mus t  b e  compat ible with speci fic eco logical , socioeconomic , and 
s ociocul tural fac tors . Technologies that can he lp purchase t ime and 
f a c i l itate quantum jumps in produc tion and prosperity are of 
part icular interest  to deve loping countries . B iotechnology has raised 
cons iderab le hopes in this respec t .  

For Third World countries t o  gain both a realistic  apprec iation 
of the usefulness  of the new techniques and practical be ne f its from 
them,  they must  rece ive a s s istance in the following areas . 

Choice of Re search Priorities and 
�plementat ion o f  Programs 

To avo id later disappointment s ,  careful thought should be g iven 
t o  the choice of re search fields where new tools wi l l  he lp to 
acce lerate progre ss and solve prob lems that have so far de fied 
s o lution. This i s  particular ly important if  re search goals have 
app l ied obj ective s .  The following inst itutional structures may be 
he l pful in this  re spect : 

• Internat ional and regional brain banks . Banks such as the 
Internat ional Bank for Recons truct ion and Devel opment (World 
Bank) and the As ian Deve lopment Bank were established chie f ly 
to rende r f inancial support to worthwhi le deve lopment 
proj ect s .  Thought mus t now b e  given t o  the organizat ion o f  
"brain banks" that wou ld supp ly object ive and up-to-date 
advice on techno logy transfer.  This obj ect ive has become 
part icular ly urgent in the context of the growing 
commerc ialization of ski lls  and know-how and the enlarging 
secrecy around the knowledge base of discovery .  To be 
successful , "brain banks" obviously need the support and 
guidance of leading scient ists  and technologists  who are not 
only authorit ies in the ir re spect ive fields of special izat ion 
but are also humanis t s .  

• Institut ional cooperat ion . Appropriate ins titut ions in 
deve loping and deve loped countries c an ente r into cooperative 
arrangements to maximize the bene fits  of the ir comp lementary 
strengths . This  wi l l  be ve ry helpful to purchase t ime and 
sharpen priori t ies . The Board for International Food and 
Agricultural Development of the u . s .  Agency for Internat ional 
Deve lopment is an important program in this f ie ld . 
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e Investigator-initiated tie-up. In addition to 
interinstitutional collaboration, there should be scope for 
individual scientista in developed aad developing countriea 
to collaborate on projecta of autual interest. Siaplified 
adainistrative procedures aad appropriate financial support 
aechanisas are needed to foster such collaboration . 

e Period ic seainars and workshops. The organization of 
seainars and workshops in developing countries under the 
j oint auspices of the science acadeaies of developed and 
developina countries will be helpful to reviewing progress, 
clarifyina issues, and deteraining priorit ie s .  Periodically , 
seminars should also be held for policy aakera and pol it ical 
leaders to fa.iliarize thea with the state of the art in 
biotechnology and to help thea aake investaent decisions 
based on a scient i f ic understaading of the like ly re turns. 

Research Resources 

The maj or re search resources needed for organizing e ffec t ive 
national progr .. s are : ( 1 )  trained aanpower, ( 2 )  chemicals  and 
equipment , and (3)  information and literature. Assistance in the se 
areas wi ll be of value for strengthen ing national research prograaa . 
In manpower development, priority should be accorded to fi lling 
critical gaps in inte rnal cOIIlpetence . Training and help wi l l  also be 
needed in the de s ign of laboratorie s with adequate safety measure s .  
Where pos s ible ,  asai stance should be given in the manufacture of 
enzyme s ,  rad iochemical s ,  e tc . ,  within the count ry . The informat ion 
network could he lp spread knowledge about the sc ientific aspects, 
legal aspects ( pa tent regulations ,  plant breeders ' rights, e tc. ) , and 
commercial aspects of biotechnology applications. For iapart ing 
tra ining and for the disseminat ion of information,  inst itutions l ike 
INTSOY ( Internat ional Soybean Progr .. ) could be prOIIloted.  

International Centers and Programs 

The Uni ted Nations and other organizat ions are present ly 
cons idering several ideas including the establishment of internati onal 
and regional cente r s .  The immed iate establishment of a modified 
version of the TOKTEN scheme (Trans fer of Know-how Through Expatriate 
Nationals ) sponsored by the U . N .  Devel opment Progr .. , wi l l  be useful. 
A review of experience gained under the TOKTEN scheme , made at a 
workshop he ld in Islamabad , Paki stan , in January 1982 , has resulted in 
severa l use ful recommendat ions . The TOKTEN scheme itself  needs t o  be 
broad-baaed in some se lected fie lds l ike biotechnology so as to 
inc lude not only expatriate nat ionals but a l so other appropriate 
experts . 
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In Decembe r 1982 , the opportunities now avai lable for the 
appropriate . integration of emerg ing and trad it ional te chnologies in 
such fields as biotechnology , microelectronic s ,  compute r sc iences , and 
sate l l ite imagery and communicat ion wi l l  be d iscussed at a workshop to 
be he ld at IRRI under the sponsorship of the U . N .  Advi sory Commit tee 
on Sc ience and Technology for Deve lopment . It is through the p lanned 
a nd purposeful integration of the old and the new that we can sow the 
seeds for sustainable deve lopment . 
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PART TWO 

Reports of the Working Groups 
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Vaccines 

INTRODUCTION 

Infect ions are a maj or cause of human and anima l  morbidity and 
mortality in developing countrie s .  Up to 40 percent of the infanta in 
many communit ies d ie be fore reaching 5 years of age , usual ly directly 
or indirec t ly from infection.  Bacterial , viral , and paras i t ic 
pa thogens take heavy tol ls in human suffering and subj ect l ivestock 
owner• to eeonomic loaa and unce rtainty.  

Some of  the se pathogens infect both humans and animals . In many 
developing countrie s animal s  live in c lo•e a•aoc iat ion with humans . 
Animals and fowl provide re servoirs for viruses and other pathogenic 
organisms that eithe r infect man direct ly or become infec tive for 
humans by means of gene t ic recombinat ion mechanisms . Advance s  in 
mo lecular bio loay have provided new too ls to de tect variat ion in 
human and animal viruse s and , thu• , poss ibly e luc idate obscure 
re lationships . 

Convent ional means of control l ing maj or communicable d iseases 
include chemothe rapy , vec tor control , vac cinat ion (against spec i fic 
oraaniama ) ,  heal th educat ion, and s laughter o f  infected l ivestock. 
For those di8eaaea without a sat isfactory vacc ine , control becomes 
very expens ive and i s  part icularly d ifficult for countries with few 
re source s .  Ve ctor control requires continuous importat ion of 
pe s t icide s ;  drug• for parasitic d iseases are often toxic and 
ine ffective , and re infec tion may occur at any time ; educat ion about 
personal pro tect ive measure s induces l i t t le compl iance ; and l ive s tock 
a lauahter can mean e conomic ruin for sma l l  farmers . 

Al though poverty ,  chronic undernutrition, i l l iteracy , lack o f  
medical care , and contaminated wa ter and food all  contribute t o  the 
spre ad o f  infec tious organi sms , immunizat ion remains one o f  the mo at 
economical means of prevent ing spec i f ic d iseases . An e ffec t ive 
vacc ine can produce long-las ting immunity agains t certain d isease s ,  in 
some cases a life t ime . A sma l l  number of doses is usua l ly required 
for protect ion . Hosp itals or hea lth c l inics are not prerequisites for 
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a succes s fu l  vac c inat ion campaign in remote rural areas , a lthough a 
hea l th or ve terinary infrastruc ture fac i l i tate s acce s s  by the 
population and improve s �nizat ion c overage . Overal l , vaccines 
offer immense benefit  for comparat ive ly low cos t ,  a primary 
cons iderat ion for decision make rs in deve loping countrie s .  

Vacc ines for the prevent ion o f  human and animal d i sease s are 
produced by any one of  several c onventional methodologies that have 
become rather s tatic with regard to e f f icacy , safety , s t ab i l i ty ,  and 
cos t . The very good vacc ines s uch as tho se for the human diseases -
yel low fever and measl es--or the animal d i seases--rinderpest  and bog 
cholera--have been in use for more than 10 years and have he lped 
gre at ly reduce the inc idence of the se d i seases in many areas o f  the 
world . Howe ve r ,  some vacc ines o f  que s t ionable e f f ic acy are a l so s t i l l  
i n  u s e  because of  the reduct ion i n  research that occurs once an 
e ffect ive vacc ine is in use . 

Current vacc ines a re a t tenuated organism vacc ines such as 
modified-l ive viru s  meas le s  vaccine , ki l led whole organism vaccines 
such a s  pertussis  vacc ine , inac t ivated toxins such as  d iphtheria 
toxoid , and subunits  or "sp l it products " de rived from agents such as 
inf luenza virus . Problems of impotency , instabil ity , reac togeni c i ty 
( adverse s ide e ffe cts ) ,  and ac tual t ransmis sion of d i sease ( revers ion 
of attenuated organisms to wild type and inadequate inact ivation o f  
organisms ) are cont inuing prob lems . 

Contribut ions o f  Biotechno logy to Vac c ine Deve lopment 

The probl ems and shortcomings just  out lined cont inua l ly alert 
vaccine re searchers to the need for bet ter produc t s .  Technical 
breakthroughs are appl ied quickly and with great e ffec t .  For examp le ,  
when the c e l l  cul ture technique was deve loped 30 years ago , pol io 
vacc ine deve lopment , te s t ing , and worldwide distribut ion occurred with 
gre at rap idity . The same i s  l ike ly to happen a s  breakthroughs in 
biotechnology yie ld new vaccine produc t s .  

Re search strategies for deve lopment o f  be t te r ,  che aper ,  and safer 
vacc ine s are now being developed us ing the new "biotechno logy . "  
Through the u se o f  monoc lonal ant ibodies and recombinant DNA 
techno logy ( see the working group report on monoc lonal antibod ie s ) ,  it 
i s  now possible to de fine and produce immunogenic component s much more 
quickly . Gene t ic a l ly engineered vac cines should be more stable and 
safer than c onvent ional vaccines , as only a s ingle or sma l l  number o f  
component s i s  needed rathe r  than the ent ire infect ious organ i sm. 
Ac tual vac cine manufac ture in many cases shou ld be cheaper bec ause 
s t andard fermentat ion techniques can be used as opposed to the cos t ly 
and s oph i s t icated t i s sue cul ture techniques currently required 
( Bachrach 1981 ) .  
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Spe c i f ic re search approaches for deve lopment of new vacc inee 
inc lude : 

• Recomb inant DNA techno logy and i t s  applicat ion to large-scale 
ant igen product ion 

• Ant igenic peptide produc t ion by s o l id-phase synthes i s  me thode 
• Re lated development of ad juvants ,  immunoenhance re , and nove l 

del ivery sys tems ( l iposome s ,  s low-re lease method e ,  e tc . ) .  

Each o f  these  research elements is c ruc ial for the development of 
e f f ic ac ious , inexpens ive protein immunogens . S imi larly , for the 
deve lopment o f  new ,  l ive attenuated organism vaccines , the use of 
pro scribed mutat ions of pathogenic microorganisms repre sents a nove l 
approach to obtaining safe , po tent vacc ines (Henderson 1981 ) .  

NEW FUNDING PRIORITIES IN TARGETED VACC INE 
DEVELOPMENT USING BIOTECHNOLOGY 

For which d i seases doe s b iotechnology offer the hope of vacc ine 
d eve lopment ? This  working group began by l i s t ing 30 human and 
1 9  anima l s  d iseases of import ance in deve loping countries ( see the 
working group report on animal produc t ion for add i t ional discuss ion of 
a nima l d isease s ) . Three criteria were then used to  he lp c lass ify each 
d isease as high , med ium , or low priority for new or add it ional vac c ine 
re search and deve lopment funded by the Agency for Interna t ional 
Deve lopment (AID) and other bilateral and mu l t i latera l  donora . A 
f ourth cri terion was added which was specific  e i ther to human or 
anima l d isease s .  Tables  1 and 2 show the results  of the se 
d e l iberations . Cri teria cons idered for e ach disease are : 

• Current vac c ine status , baaed upon the avai labi l i ty of an 
e ffec t ive , inexpens ive , safe vac c ine 

• Feas ibi l i ty o f  biotechnological  approaches to deve lop ing a 
bet ter , cheaper , and safer cand idate vac cine within the next 
5 years 

• Current funding for vacc ine research and development--whe ther 
ava i lable or like ly to be ava i lab le in suff icient amounts 
from sources  other than AID ( for example , World Health 
Organization, Nat ional Ins ti tutes of Hea lth , pharmaceutical 
companie s ) . This cri terion was cons idered in re l at ion to  the 
re lat ive import ance of the d isease in deve lop ing countr ies . 

• Publ ic health s igni ficance [ for human d i sease s ]  as measured 
by inc idence ; preva lence ; morbidity ; mort al ity ;  or seve r ity 

• Economic losses [ for animal d i seases ] in terms o f  l ives tock 
product ion or decrea se in availability of  animal protein.  
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TABLE 1 Aa • e • •aent of new fuod ina priori t ie• in vacc ine deve lopaent : 
hu.an d i•ea•e• . •  

Di aeaae 

Bacterial 
re apiratory 
d iaeaaea 

Bac terial 
enteric 
d iaeaae a 

De que 

Japane ae 
e nc e pba l i t ia 

Rabiea 

Cb la1111d i a l  
i nfec t ion• 

Ma laria 

Le iab
maniaaia 

Tuberculoaia 

Bac t erial 
aeniq i t i a  

lle a p iratory 
ayncytial 
vi ru e 

lleaorrbaa ic 
feve r• 

Chaaa• 
d iaeaae 

Publ ic 
hea l th 
a igni f i
cance 

Hip 

Hip 

Hi&h 

Hip 

Hi&h 

Hiah 

Hi&h 

Mediua 

Hi&h 

Hiah 

Hiah 

Riah 

Medium 

Current 
vac c i ne  
a tatua 

Fa ir 

Lov 
protec t ion 

None 

Poor 

Var iab le 

None 

None 

None 

Quea t i on
able 

Good 

None 

None 

None 

Feaaib i l i ty of 
u a i na  bio tecb
nol oay in vac c i ne 
deve lo�nt 

Good 

Good 

Good 

Good 

Good 

BIIN 

Good 

BIIN 

BIIN 

BIIN 

BIIN 

BIIN 

Current 
fund ina 

Lov 

Mediua 

Lov 

Low 

Lov 

MediUID 

Low 

Lov 

Lov 

Fa ir 

Fair 

Fair 

Priority 
for nev 
fund ina 

Hi&h 

Hi&b 

Hi&h 

Ri&h 

Hi&h 

Hi&b 

Riah 

Bi&h 

Med iua 

Med i ua  

Med i ua  
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TABLE 1 (Continued )  

Publ ic Pe aa ib i l i ty of 
he a l th Current ua ina bio tech- Pr iori t y  
s igni fi- vac c i ne no logy in vac c i ne Current for nev 

Di sease cance s tatus deve lop-nt fund ing funding 

Di ph theria-
pertus s i a -
te tanu s  Hi&h Good NA NA Lov 

Gonorrhe a High None BRN Pair Low 

Leprosy High Low Med iua High Low 

Typhoid Mediua Pair BRN Pair Low 

Hepa t i t i s A Hi&h None Med iua Low Mediua 

Hepa t i t i a B High Good Good High Low 

Herpes Mediua None Mediua High Low 

Meaa les High Exce l lent NA NA Low 

Mump s Med iua Good NA Low Low 

Po l io High Good Good High Low 

Ro ta-
viruses High Mone Low High Low 

Rube l la Me d i la  Go od  NA High Low 

Ye l l ow 
feverb High Good NA Low Low 

Typhus High Low BRN Low Low 

Pi lari as i s  Hi&h None BlN Med ium Low 

S c h i a t o aoaai -
a s i a  High None BlN Good Lov 
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TABLE 1 ( cont inue d )  

Pub l ic Fe as ibi l i ty of 
he a l th Current uaina b i o tech-
s igni f i - vac c i ne noloay in vac c i ne Current 

Di sease c ance s tatus deve lop-nt fund ing 

Afri c an 
t rypano-
somiasia Ked iUIII None BRN Pa i r  

Ri f t  Val ley 
fever SEE ANIMAL SECTION 

•Abbreviat ions : B RN--b asic re search needed ; NA--not appl icable . 
bsee Pan American He a l th Organizat ion ( 1981 ) . 

Pr i o r i t y  
f o r  nev 
fund ing 

Lov 
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TABLE 2 As sessment of priori t ies  in  vacc ine deve lopment : animal 
d isease s . •  

Econ0111ic Feaa i b i l ity o f  
louee i n  Curre nt ua ing biotech- Pr ior i ty 
deve lop ing vacc ine nolo&y in vacc ine Current for new 

Diseaae c ount r ies a t atua deve lopment fund ing fund ina 

Tube rc u l o s i a  High Quea t ion- Med iUIII Low High 
able 

Neona t a l  
d iarrhea High Poor Hi&h Med iwa High 

Bac t e r i al 
re apira tory 
d iaeaae High Poo r  B IUI  Med ium High 

Af r i c an 
swine 
f eve r Hi&h None High Low High 

Heao t ropic 
d iseases High Poor BIUI Low High 

Rabies Hi&h Var iable High Med ium Med ha 

Ri f t Va lley 
feve r High Good High Med ium Med iwa 

Mewcaa t l e  Poor in 
d i aeaae High LDCs Var iable Low Med ium 

Foo t -and-
mou th 
d iaeaae High Med iua High H igh Low 
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TABLE 2 ( continued ) 

Economic Feas ib i l i ty of 
loasea in Current us ing b i o tech-
deve lop ing vac cine no logy in vacc ine Current 

Di sease countr i e s  a ta tua deve lopment funding 

ti nder-
pe a t  High Exce l lent NA Low 

Ve s icular 
s toma t i t i s  
virus Low None High Low 

B lue tongue Low None High Low 

Hog cho lera High Good Good Low 

Af rican 
horae 
a icltne a a  Med ium Med ium High Low 

Equine 
enceph a l i t i s  High Good Good Med ha 

Ma l i gnant 
c atarrha l 
fever Low None Med ium Low 

Pulmonary 
adenoma t o s i s  Med ium None Low Low 

Pseudo-
rab ies Medium Poor Med ium Low 

Bruce l lo s i s  High Med i um  B RN  Low 

4Abbreviat ions : BRN--basic research nee ded ; NA--not app licable • 

Pri o r i t y  
for n e w  
fund ing 

Low 

Low 

Low 

Low 

Low 

Low 

Low 

Low 

Low 

Low 
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Baaed on the above cri teria , the working group rated the re lative 
importance o f  e ach d isease for new fund ing by AID or o ther donors . 

The fol lowing eect ions ident i fy e ight human and four anima l 
d isease s as we l l  as one zoonotic d isease ( affec t ing both humans and 
animal s ) , which have been se le cted and recommended as h igh priori ty 
for new funding ( see Table 3 ) . This eec t ion ehould be read with the 
fol lowing in mind : 

• A targe ted reeearch e f fort a imed at vacc ine deve lopment 
utiliz ing biotechno logy shou ld be funded for each 
high-priority d isease . Such a research e f fort would 
involve : ( 1 ) identi ficat ion and characte ri zat ion of 
immunogenic ant igene , ( 2 )  eynthe s i a  and produc t ion o f  such 
ant ige ns through biotechnology , and ( 3 ) formulat ion of a 
cand idate vacc ine suitab le for tes t ing . 

• This targeted re se arch shou ld be conduc ted in collaborat ion 
with sc ient ists  from deve loping countrie s .  A major advantage 
of biotechnology and gene tic engineering is that they do not 
require h igh ly soph i s t icated laboratory equipment ; for the 
mos t  part , we l l -e quipped , c l inical laboratory faci l i t ies will  
suffice . However ,  such an e ffort wi l l  require an 
interd iscipl inary team, rel iable laboratory reagents , and 
appropriate animal fac i l i t ie s  for  tes ting . Few deve loping 
countries pos sess  the c apabi lity to produce prom1 s 1ng 
l aboratory ant igens in quant ities suf fic ient for early 
c l inical te s t ing and subsequent mass  production .  In 
addition , re l iab le qua l i ty control for vac c ine produc t ion i s  
lacking in many parts of  the world .  

• Training should be an integral part of the c o l l aborat ive 
research effort . The key requirement for re search and 
deve lopment o f  new vacc ines is trained , experienced 
sc ientis ts . Both long-term graduate work by deve loping 
country s c ient ists  in deve loped country univers i t ies  and 
short-term tra ining in any appropriate s i te are equal ly 
important for the trans fer of  knowledge and technique s .  

Huma n  Diseases 

Rabies ( Human) . Rabies i s  a fatal d i sease that cont inues to be a 
s e rious prob lem in some deve lop ing c ountries . Although vacc i nat ion is 
part o f  the poe t-exposure treatment , current vacc ines have 
unde e irable , dangerous aide effec ts . The Me rieux Ins t itute has 
d eve loped an e ffec tive vacc ine , but i t s  high coe t l imit s  i t s  
wide epread uee . Improvement of this vaccine is an ideal proj ect for 
deve loping c ountries with good product ion laboratories .  Protein G has 
been c loned , and prospects for a vac c ine by the gene tic engineer ing 
route are there fore high .  
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TABLE 3 Disease prob lems of h igh pr iori ty for vaccine deve lopme n t . 

Years requi red to deve l op 
Di sease cand idate vaccine8 

HUMAN 
Rabies 
Dengue 
Japane se encephal itis  
Bac terial re spiratory diseases 
Bacterial enteric d iseases 
Chlamydia!  infections 
Ma laria 
Leishmaniasis  

ANIMAL 
Neonatal d iarrhea (bacterial and vira l )  
Bac teria l re spiratory dis ease ( bac terial 

and viral ) 
African swine fever (ASF) 
Hemotropic d iseasesb 

2-5 
5 
5 
Greater than 5 
Greater than 5 
Less t han 5 
2-5 
Le s s  than 5 

5 

Le ss  than 5 
Greater than 5 
5 

ZOONOTIC (Human and Animal )  
Tuberculosis  Greater than 5 

8Tbese f igure s are e s t imates based on the as sumpt ion that adequate 
fund ing is  available from AID or othe r  s ource s .  

bsee the later sec t ion, "Hemotropic Disease s o f  Animals  ( Spec i
fical ly Babe s ios is and Anap lasmos is ) . "  

RESEARCH OBJECTIVES : 

• Deve lopment o f  a better , cheape r ,  and safer vacc ine for pre
and post-exposure treatment . In the meant ime , AID and other 
donors should encourage produc t ion of rabies vaccine in 
deve loping countrie s .  

• Improvement in produc t ion techniques o f  current vacc ine 
strains to lower  cos t s .  

• Cont inued use o f  gene tic eng ineering to c lone the viral 
glycoprotein and te s t  it  as a vaccine . 

• Organic synthe sis  o f  pept ides for vacc ine deve lopment . 
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Dengue . Dengue fever and assoc iated hemorrhagic syndromes are 
c aused by four c losely re lated viruses ( des ignated dengue aerotypea 
1 ,  2 ,  3 ,  and 4 }  that are transmit ted by Aedes aegypt i  mosquitoes . The 
d isease i s  h ighly endemic in tropical As ia and certain Pac i fic i s lands 
and endemic in Central and South America and the Caribbean region .  
De ngue hemorrhagic fever ( DHF } and DHF with shock syndrome have 
rea u l t e� in high morta l i ty rates among chi ldren in tropical As ia . 
Re c ent ly , DHF appeared in Cuba . 

No vacc ine is avai lable for this d isease , and current e f forts are 
no t ,  to the working group ' s knowledge , u t i l i z ing bio technol ogy to 
develop one . An e ffec t ive vacc ine would have to confer immunity to 
a l l  four virus aero typea . I t  is there fore sugge s ted that AID and 
o ther donora increase support to ins t i tu tions undertaking dengue fever 
re search . 

RESEARCH OBJECTIVE : 

• Deve lopment o f  vacc ine baaed upon viral surface g lycoprotein• 
us ing mo lecu lar c loning . 

Japanese Encepha l i t i s . Large outbreaks of Japanese encepha l itis  
have occurred in Southeast As ia , as we l l  as epidemics during the last 
dec ade in Thailand , Burma , and India .  This d i sease is usua l ly found 
in rural and aemiurban areas . The vaccines present ly available do not 
o f f e r  complete protec t ion and are cos t ly .  A s imp le glycoprotein 
pre s e nt on the virus surface is considered the main immunogenic 
c ompo nent of the agent . Direct  c l oning and expres s ion o f  this viral 
gene seems pos sib le ,  but no e f forts known to the working group are 
b e i ng made at  the moment to u t i l ize such b iotechnologica l approaches .  

RESEARCH OBJECTIVE S :  

• Identificat ion , characterizat ion , and product ion by 
biotechno logical techniques of the protec tive antigen of the 
Japanese encephal itis  virus 

• Studies of the e f f icacy of this glycoprote in product as a 
human vaccine . 

Bacterial Respiratory Diseases . The primary bac teria l 
respira tory diseases in man are caused by S treptococcus pneumoniae , 
Hemoph i lus influenzae Type B ,  and Bordetella  pertus sis . These 
bac te r ia are a major cause of morbid ity worldwide in chi ldren under 
5 years of age . 

The widely used and eff icac ious kil led whole c e l l  vacc ine for 
pe r tus s is is e ffec t ive in infant a .  However ,  it  is  s igni ficant ly 
rea c t ogenic , frequent ly caus ing fever , pro longed cry ing , and , in 
ext reme ly  rare cases , neurologic sequelae and death . Pertus s is has 
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been dropped from the general pediatric vacc ination program in Eng land 
and some European c ountriea primari ly because of its reac togenic ity . 

The existing ef ficac ious vaccine for pneumonia i s  c ompounded of 
c apsular polysaccharides from the maj or serotype s .  Thi s  vacc ine is 
recommended primari ly for o lder peraona and those who have repeated 
resp iratory infec t ions . The immunity induced by this vaccine is of 
l imited durat ion. 

No e ffect ive vacc ine i s  current ly avai lable for Hemoph i lus 
influenzae . Capsu lar po lysaccharide has been shown to protect against 
the d iseaae ; howeve r ,  the polysaccharide ia weakly immunogenic in 
children under 2 years o f  age , the age of peak inc idence . 
�· influenzae i s  a maj or c ause of acquired mental retarda t ion. 

RESEARCH OBJECTIVES : 

• Improvement of existina vaccine s for pneumonia and pertu s s i s  
b y  atandard vaccine methods and the u s e  of  biotechnol ogy . 

• Deve lopment of a vacc ine for H. influenzae Type B us ing 
biotechnology ; there are apecific needs in the areas of 
immunopotent iat ion and c arrier-hapten presentat ion. 

Bacterial Enteric Dia eaaea . The se are a maj or cause of chi ldhood 
mortality in large areas of the world where rehydrat ion therapy i s  not 
promptly provided . The major c ausative agents are Shiae l la ,  
Sa lmone lla , Escherichia c ol i ,  Campylobac ter jejuni , and � 
cho lerae . Experimental vacc ines have been obtained for the first  
three microorganisms , a lthough the protect ive agents are not  known . 
Bas ic research i s  needed to iden t i fy the re levant antigens ao that 
e ffec t ive vacc ines can be obtained . It is recommended that AID 
inc rease support for diarrhea l  d isease cente rs in deve l oping countries  
in order to enhance the ir capab i l i t ie s  in b iotechnology-re lated 
research . One examp le o f  s uch a center is the Internat ional Center 
for Diarrhea l  Di sease Re search in Bangladesh . 

RESEARCH OBJECT IVES : 

• Improvement o f  experimenta l  vacc ines for E .  c o l i ,  Salmone l la ,  
Shiae l la ,  and y. cholerae by s tandard method;:--

• Deve lopment o f  de f ined ,  lethal de let ion mutant s o f  pathogenic 
enterobacteria . Such mutants serve as exce l lent immunoge n& 
because they do not need to be inac t ivated and yet are 
innocuous because they cannot rep li cate . 

• Deve lopment o f  b ioeng ineered pro te in vacc ine s aa has been 
done for entero toxigenic ! .  coli di seaaes of  ne onatal  pigs 
and calve s .  

- ----
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Chlamydia! Infections . A widespread pub l ic hea l th prob l em in 
many deve loping countries , chlamydia! infections are the leading cause 
o f  b l indness  ( t rachoma ) . Chlamydia s pp .  resemb le bac teria but 
reproduce only within l iving animal ce l ls .  Infect ion i s  spread by 
f l i e s , through contact with ocular discharges , or through sexual 
contac t .  Adults  may deve lop urethritis  or conjunct ival scarring , 
wh i le bab ies can deve lop pneumonia or severe conjunctivi t i s .  

Chemotherapy i s  ava ilable t o  treat individua l cases but i s  
cumbersome and expens ive to adminis ter .  Pos t-infection immunity has 
been shown in humans , and s ome inves t igators now bel ieve that immuni ty 
i s  c e l l -mediated . No vacc ine i s  availab le ,  although a monoclona l 
ant ibody diagnostic  test  for Chlamydia t rachomatis  may soon be 
prepared commercial ly.  

RESEARCH OBJECTIVES : 

• Bas i c  identi fication and charac terizat ion o f  candidate 
immunogenic ant igens of Chlamydia trachomatis  and £• psi t ticae 

• Product ion o f  candidate protect ive ant igens us ing 
biotechnological approaches . 

Ma laria . Malaria is the mos t  important infect ious disease in the 
wo r ld today . There are an e s t imated 150 mill ion cases per year and a 
ve ry high mortal ity rate for chi ldren ( 1  mi l l ion deaths in Africa 
a l one per year) . Chemotherapy i s  availab le , but the emergence of 
d rug-resis tant mutants of  the paras ite poses a maj or health threat , 
e s pe c ia l ly in Southeast As ia and South America . In add i t ion, vec tor 
contro l is thwarted by the increas ing prevalence of insec t i c ide
re s is tant mosquito s .  

No vacc ine i s  current ly ava i lable for use agains t malar i a .  
De s ign o f  a vacc ine mus t  take into account that the malar ia paras i te 
has three specific s tages in i ts l i fe cyc le--sporozoite& , erythrocyt ic 
forms , and gametes--in which different , speci fic ant igens are being 
expre s sed . Thus a vacc ine agains t a part icular stage , for example , 
s p o rozoite , w i l l  not provide immunity aga ins t the other s tages . In 
add i t ion , there is mount ing evidence o f  the exis tence of both spec ies
and s t ra in-spec i f ic ant igens in ma lar ia.  

It  i s  recommended that AID and other donors fund research 
d i rected  toward the following specific  and important areas of malar ia 
vac c ine development that are current ly not supported . 

RESEARCH OBJECTIVES : 

• Ident i f icat ion, characterizat ion , and molecular c loning o f  
Plasmod ium falc iparum game te , erythrocyte , and sporozoite  
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antigens , which are c andidate protec tive immunogens , using 
biotechno logical methods 

• Basic  re search on P .  malarie , P .  ovale , and P .  vivax for 
identification of spec ific antigens:--

Le ishmanias i s .  Kala-azar (visceral l e ishmaniasis)  and cutaneous 
and mucocutaneous leishmanias is  are sand f ly-t ransmi tted protozoan 
diseases with gro s s ly undere s t imated pub l ic health importance in South 
America , Africa , and the Midd le Eas t .  Mucocutaneous leishmanias is i s  
a n  increas ing prob lem i n  newly colonized forested areas . There i s  
evidence o f  natura l immunity , and deve lopment of a vac c ine is be ing 
attempted by convent iona l methodo logies . Chemotherapeutic agent s may 
be very toxic ,  and it is dif fi cu l t  to maintain re s idual insectic ide s 
by peri odic appl icat ion . 

RESEARCH OBJECTIVE : 

• Ident ificat ion and c loning o f  ant igens of Lei shmania 
varie tie s .  

Animal Disease s 

Neonatal Diarrhe a .  Thi s  disease comp lex affects swine and c a t tle 
and i s  caused by bacterial as we l l  as viral age nts . The disease 
induced by bacteria disp lays high prevalence g loba l ly and i s  generally 
caused by enterotoxigenic s trains of Escherichia coli . Monoclonal 
ant ibodies that b ind to the p i l i  of the entero toxigenic s t ra ins o f  
E .  coli  are be ing licensed for u s e  i n  Canada . Gene t ic engineering has 
alre ady been used to produce protective ant igens . In fac t ,  a vacc ine 
agains t swine and c a l f  diarrhea has been deve loped in this manner and 
is c ommerc ial ly ava ilable in Europe . 

RESEARCH OBJECTIVE : 

• Deve lopment o f  vacc ines for enterobacterial and vira l  
diarrhea agents . Ente robac te rial agents shou ld be emphasized 
given the current re search support for viral diarrheas .  
Biotechnological approache s promise va luab le new immunogen& 
in each of the se categorie s and concomitant new ant igens for 
use in diagno s t ic tes t s .  

Bacterial Re spiratory Disease . Thi s  disease complex , which has 
an obscure et iology invo lving viral , bac terial , and envi ronmental 
s tre ss fac tors , is  the s ingle mos t  important cause o f  morbidity , 
mortality , and economic loss  in a l l  live s t ock in the deve loped and 
deve loping wor ld . Fatal  respiratory d isease usual ly involves 
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overwhelming Pas teure l la hemolyt ica , !• mul tocida , or Borde t e l la 
bronchi sept ica infect ion. Convent ional immunoprophy lactic approache s 
and ant ibiotic  treatment regimens are ine ffective , and in many 
sett ings re search groups are searching for new ideas . Clearly , nove l 
approache s bas ed upon genet ical ly engineered species of Pas teure l la 
immunogen& are worthy of invest igat ion. 

RESEARCH OBJECTIVES : 

• Ident ificat ion and characterizat ion o f  the s igni ficant 
immunogenic antigens of !• hemolytica , !• mu ltoc ida , and 
Borde t e l l a  b ronchisept ica 

• Product ion o f  such immunogen& by bio- or organic synthe s i s .  

African Swine Fever (ASF ) . ASF is  e ndemic i n  several Afr ican 
c ountries , Spain , and Portugal ,  and results  in severe economic 
l os s e s .  I n  1978 , ASF spread t o  the Dominican Repub lic ,. Hai t i , and 
Braz i l , but i t  has now been e radicated from the Dominican Republic , 
and s imi lar efforts are under way in Haiti . The h igh ly virulent 
s train o f  the virus , which causes prac t ic a l ly 1 00 percent morta l ity 
among dome s t i c  pigs , is  perpe tuated in three species of African wild 
p ig s , which deve lop an asymptomatic infect ion. A less virulent s train 
of ASF virus results in lower ( 20-30 percent ) morta l i ty and is  capable 
of i nduc ing chronic infect ion. 

As no vacc ine is ava i lable for thi s infe c t ion , s laughter o f  a l l  
p i g s  found i n  infe cted are as i s  the only measure for e liminat ion o f  
the d isease . However , double fencing o f  domestic  pigs i n  Kenya i s  
gre a t ly reduc ing the spread of the d isease f r om  wi ld p igs such a s  
warthogs . S o f t  t icks have been implicated as ve c tors and reservoirs 
of the virus , and thei r  possible ro le in persistence of t he virus in 
i nf e c ted areas deserve s further inve st igat ion. 

RESEARCH OBJECTIVE : 

• Vacc ine deve lopment using biotechnology . It i s  conce ivab le 
that vacc ines can be deve loped , but addit ional informat ion is 
require d on the immunology of  the d i sease , the bio logy and 
mo lecular properties of the vi rus , and its e t i ol ogy . 

Hemotropic Disease s of  Animals ( Spec ifical ly Babesiosis  and 
Anaplasmosis ) .  Hemot rop ic di seases  of live s t ock are major imped iments 
to  the e conomic produc t ion of mea t , milk,  and fiber in many part s of 
the deve loping world . Maj or e fforts are be ing made to c ont rol 
try panosomiasis and the i leriosis  ( East  Coast fever ) ,  but t ick-borne 
babe s io s i s  and anap lasmos is (var iety of vec to rs ) are of great 
import ance and , a lthough poorly unders tood , are the subje c t  o f  l i t t le 
re s e arch . Be ginning s  have been made in the cul ture of protozoan 
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Babe s ia spp . but not of ricke t tsial Anaplasma . An iso lated 
glycoprotein of  Babe s ia spp . has tentat ive ly been ident ified as the 
immunogenic agent . 

These organisms are c learly good c andidate s for the biotech
no logical  approach to ant igen ident i ficat ion and synthes is --a s imi l ar 
recommendat ion was made by an AID/Rocke fe ller Foundation Task Forc e in 
May 1982 ( Rockefel ler Founda tion 1982 ) . Deve lopment of vaccine s  for 
the se diseases could lead to  maj or improvements in l ive s tock 
product ion in many parts of the wor ld,  

RESEARCH OBJECTIVE : 

• Iso lat ion, characterization, and produc t ion o f  pro tect ive 
antigen us ing biotechnolog ical approache s .  

Zoonotic  Di sease 

Tuberculosis (Mycobac teria ) . Tuberculos is  ( TB )  i s  h ighly 
prevalent worldwide . The maj or economic impact of this di sease on 
l ive s tock product ion i s  compounded by i t s  zoonot ic imp l ications . 
Di seased cattle  can transmit tuberculos is to man by way of mi lk and 
through direct exposure , and this mos t  commonly occurs among he rdsmen 
and nomad ic populations in developing countrie s .  

Current ly avai lable d iagnostic  tools  using protein derivat ives 
appear to be adequate to de te c t  infe cted anima ls in deve loping 
countries  where the prevalence of the di sease is high .  In c ountries 
where prevalence is  low , however ,  more spec ific and re l iab le 
d iagnostic tests  are needed . The alternat ives ava i lable for c ontro l 
in l ive s tock are herd test ing and s laughter , ident ificat ion and 
segregat ion of c at t le , and pasteurization of milk.  

Research on improving a vaccine for  animal TB has  direct  as wel l  
a s  indire ct  appl icabi l i ty t o  human tuberculosis . Contro l o f  animal 
tuberculos is  has been shown to reduce the disease reservoir for 
humans . One possible approach to vacc ine produc t ion may be the 
ident i ficat ion of the immunogenic components of t he organism and their 
synthe sis by organic recombinant DNA technique s once they have been 
ident i fied . 

RESEARCH OBJECTIVES : 

• Deve lopment o f  improved d iagnostic tools to d i s tinguish in 
humans BCG (Bac i l le Ca lme tte Gu�r in) vaccine react ions from 
those result ing from infect ion 

• As ses sment of the e f ficacy of c urren t ly used BCG vac cine 
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• Improved produc t i on of TB-spec ific  antigens , inc luding 
purificat ion of PPD ( purified protein derivat ive ) 

• Deve lopment of an e f fec t ive vaccine , inc luding b io- or 
organic synthes i s  of the immunogen , that can be used in areas 
of high incidence (espe c ial ly in anUnals ) in developing 
countries . Such a vacc ine is des irable but not cons idered a 
near-term poss ib ility .  

GENERAL ISSUES IN  THE DEVELOPMENT 
AND MANUFACTURE OF VACCINES 

Manpower and Training 

In recent years , there has been a tendency t oward greater 
exc lusivity regard ing patent ing of  the crucial elements of important 
b io logica l s .  As a resul t ,  free exchange of and acce s s  to informat ion 
is not eas i ly ava i lable . Develop ing countries in South America , 
Africa,  and As ia ,  however , are more aware of the importance o f  
prophylaxis i n  pub lic  hea l th and are deve loping a reasonab ly competent 
c adre o f  s c ient ists  capab le o f  a s s imilat ing new b iotechno logies and 
put t ing them to good use in their own countries . AID and other donora 
c an be e f fec t ive agenc ies for fac i l itat ing and catalyz ing the transfer 
of such techno logies through the support of ( 1 ) secondment of 
s c ient i f i c  manpower from deve loped c ountries , (2)  we l l-des igned 
t ra ining programs , and ( 3) career deve lopment awards to identify 
qua l i f ied personnel from deve loping countr ies . 

Commerc ial  Vaccine Product ion 
in Deve loping Countries 

Several new approache s to the commerc ia l produc t ion o f  vacc ine s  
have resulted from b io technology res earch . Re comb inant DNA 
techno logies are be ing used to produce bacterial c lones and synthe s ize 
protein antigens for use as vaccines . One examp le of this approach is 
the c loning in !• coli of  a protect ive ant igen for foot-and-mouth 
d isease . Commercial product ion of s uch vacc ine s i nvo lve s  convent ional 
f e rmentat ion techno logy current ly in use in deve loping c ountries . 
S ince only a sma l l  port ion of the infect ious organism ' s DNA i s  encoded 
in the bacteria , special  containment fac i l i t ies are not required to 
produce vaccines against high ly virulent diseases . Add itional 
advantages should inc lude a h igh degree o f  s tabi l i ty ,  cons istency o f  
t h e  product ,  a high yie ld of vacc ine antigen , and low overall  
product ion cos t s .  

Several potent ial prob lems are , however , as soc iated with this 
approach.  For example , a vacc ine could become contaminated with 
bacterial produc ts other than the des ired ant igen , result ing in 
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a llergic sens i t ization of the rec ip ient or other  unde s i rable e f fe c t s . 
The ant igens produced may be too specific  or restricted to provide 
protection agains t a l l  forma of the disease . Particular ly in the case 
of some viral diseases where c e l l-.ed iated immunity is the protec t ive 
mechanism , highly spec ific  ant igenic coaponenta may not be e ffe c tive . 
Bac teri a are unable t o  g lycoay late prote ins , and g lycosylat ion may be 
necessary for appropriate immunologic recognition of certain 
ant igens . Thus a lternatives to bacteria such as yeas t  aua t  be used 
where glycosy lation i s  important . However ,  they may l ack the 
mechanism for assembl ing and proces s ing coaplete ant igens . Commercial 
product ion of vacc ines by large-s ca le yeast  culture could be eas i ly 
accomp l ished by exi s t ing technology . 

Another approach t o  produc tion of vaccines is gene t ic engineering 
of mamma lian ce l l  l ine s ,  which aay be part icularly neces sary for some 
viral ant igens . Product ion aya teas us ing the se ce l l  l ine a would 
re quire c lose ly monitored t i s sue culture proces se s .  Potent ial  hazards 
include vira l infection of the cul ture system--or ident i f ic at ion o f  
l atent viruses  in the cel l  l ine--and the pos s ibility o f  induc ing 
autoimmuni ty by ce l l  antigens copurified with the vacc ine ant igen. 
Commerc ial product ion o f  this type would be d i f ficult  to imp lement in 
aoae deve l oping countrie s .  

Organic synthes i s  o f  protein ant igens for use a s  vacc ines i s  
potent i a l ly advantageous f o r  vac c ine product ion a nd  can be 
accomplished without larg e ,  c os t ly product ion fac i l ities  o r  
equipment . Synthe tic vacc ine s  would be amenable to highly e ffec t ive 
qua l i ty contro l .  The deve lopment o f  such vacc ines requires that the 
structure of the protec tive ant igen be wel l  understood and the amino 
acid sequence known. Extens ive immunologic manipulat ion o f  such 
peptidea wi l l  be nece ssary to confer sufficient imaunogenic i ty to 
them. These manipulat ions may inc lude carrier-hapten preparation, 
inc orporation in l ipoaome s ,  or the use of adj uvants . 

Te chno logy Trans fer 

Some deve loping countries may dec ide to manufacture new vacc ines 
local ly rather than import them . Genet ical ly engineered ce l l  l ines 
for vaccine produc tion may be acquired through royalties  t o  or 
licensure from the inventors . In such case s ,  the l icensure agreement 
should inc lude t raining of product ion and quality c ontrol personne l by 
the inventing ins t i tute or corporation. Such agreements cou ld a l so 
inc lude c ontinuing product support by both part ie s .  A second 
pos s ib i l i ty would be the estab li shment in developing c ountries of 
fac i l i t ies  owned by the inventor.  An a lternate arrangement would be 
for deve loping countries to purchase the ant igen by means of a supp ly 
contract .  The purchaser could thus avoid moa t  of the capital  
inve s tment costa  whi le re taining control of dos age , vaccine 
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formu l a t ion , and method of admini st ration ( for example , j e t  gun , 
adj uvant sys tem) . 

Several deve loping countries are preparing to invest  in 
produc t ion fac i l i t ies  for new vaccines . In such instance s , industrial 
scale-up w i l l  be required ( for example , microcarrier fermentat ion , 
immunochroma tography ) . It wou ld al so be useful to promote a program 
of collaboration and training between b i ologic product manufacturers 
in deve loped and deve lop ing c ountries . Thi s  might be pos s i b le through 
such organizations a s  the Pharmaceutical Manufacturers As sociat ion in 
the Uni ted State s and the S tate Pharmaceutical Corporation in India , 
or between ind ividual companies ( Ins t i tute o f  Medic ine 1 9 7 9 ) .  

Vac c ine Test ing and Cl inical Trials 

Wh i le there is no que stion that the testing and f ie ld trials of 
vaccines  des igned to preve nt important tropical disease s  must  be 
conduc ted in the affected countries , it i s  also important that ful l 
informat ion and pro toco ls  of laboratory and animal tes t ing be provided 
to the appropriate health authori t ies  of the country where the 
c l inical  trials are to be he ld . Furthermore , it  would be useful to 
i nvol ve hos t  country s cient ists  in the ini tial  s tage s of  laboratory 
wor k  t o  the ful lest  extent pos s ib le so that human trials are conduc ted 
c o l laborative ly .  Add i tional p lanning , coordinat ion , data col lec tion, 
and proper evalua t ion are required . Tr ials should , as far as 
pos s i b le , be monitored by a team consi s t ing of  expert s from t he host 
coun t ry , the donor , and pre ferab ly a third d i sinteres ted party 
( In s t i tute of Medic ine 1980 ) . 

Me thod s of Adminis tering Vaccines 

Bet ter me thods o f  administering vac c ines are required in 
deve loping countrie s for reasons of cos t , safe t y ,  and e f ficacy . 
Suf fi c ient a ttent ion has not been given to newer and more e f fect ive 
me thod s of adminis tration ,  for examp l e ,  through pre ssure nozz les or 
skin appl icat ions . In many pub lic health disease immunizat ion 
programs , the potent ial of the oral route has to be more fu l ly 
e xp l o i ted ; in many cases i t  may be worthwhi le to des ign oral vaccines 
for t h i s  purpose . 
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Animal Production 

INTRODUCTION 

Animal s  not only produce high-qua lity protein to supplement large 
quant i t ies  of moderate-qual i ty ,  economic a l ly produced s t aples in the 
human diet . They also  provide t ract ion for agriculture and other 
need s ; manure for ferti l i ze r ,  so l id fue l , and biogas ; and se rve as a 
means o f  capital  generat ion, insurance aga ins t risk,  and a mode o f  
exchange . Worldwide , animal products contribute over 56 mil l ion t ons 
of e d ible prote in and over 1 b i l l ion megacalories of  energy annual ly .  
With i t s  high bio logical value , this protein i s  equivalent to more 
than 50 percent of the protein produced from a l l  cerea l s , ye t the 
proport ion of research funds current ly going to animal product ion i s  
l e s s  than 1 5  percent o f  t h e  t o t a l  f o r  agriculture . 

The role of biotechnology in animal product ion is large ly one of 
s up p l y ing tools to assist  animal producers with breeding , health , and 
nut ri t ion , but i t  is important not to overwhe lm produce rs with this 
t echno logy . Ac t ivities in this area should , therefore , inc lude 
suppor t  of research on monoc lonal antibody product ion , embryo 
sp l i t t ing , c loning and sexing of gamete s ,  and genetic  engineering , as 
we l l  a s  bet ter  utilizat ion and imp lementation of already e s tab l ished 
te ch n i ques in management schemes and educat ional delivery programs . 

Integra ted research i s  also  necess ary . Human hea lth research 
should be deve loped , as far as pos s ible , in conjunc t ion with that 
i nvolving animal health , s ince many disease problems are re lated to 
the c l ose contac t of people and animals , and research on crop 
produc t ion should be integrated with that on animal product ion . As 
new , more produc t ive c rops are deve loped , there is a need to cons ider 
the ent ire plant with respect to human and animal use and 
d ige s t ib i l ity as we l l  as energy product ion ( see the working group 
repor t  on plant ce l l  and tis sue cul ture ) . 

Fina l ly ,  although man and animals  may compete for space and 
food s tu f f , they can also  complement one anothe r .  Approximate ly 
6 5  percent o f  the earth ' s land is  not sui ted for farming or human 
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occupancy ; better ways must be found to util ize this space for animal 
product ion . 

RECOMMENDED RESEARCH ON ANIMAL PRODUCTION 

Genetics 

Manipulat ion of genetic  material and i t s  exchange among countr i e s  
have become important means of upgrad ing animal produc tion worldwide . 
Anima l products  should be se lec ted for their  compatibility wi th a 
deve loping country ' s envi ronment and soc ioeconomic needs . Advanc es in 
biotechno logy can reduce the risk of disease in trans fer and c an 
great ly speed the process  of select ion .  

Biotechnological research areas that should b e  invest igated i n  
connect ion with the male animal inc lude s tudies linking genes and 
d isease re sis tance , the use of monoc lonal ant ibodies for ma le  sexing 
( ident ify ing male offspring at fert i l ization) , and the use of 
performance factors and adaptation to environment as measures for 
gene tic evaluat ion . For the fema le , in vitro fer t i l ization ,  oocyte 
culture , embryo sexing , and embryo rep lication are areas of  pos s ible  
inves tigation. 

Us ing biotechnological technique s ,  i t  should be pos sible to 
deve lop re search proj ects  that great ly acce lerate evaluat ion of 
methods to improve animal product ion . Product ion of  ident ical 
sibl ings could e l iminate genet ic variables in appl ied research 
programs , great ly reduc ing the number of animals  required per proj ect  
and thus expenses . 

Genetic  research goals  deserving the highes t  priority inc lude : 

• Demonstrat ion of germ p lasm trans fer (embryos and semen) 
without risk of t ransmitt ing disease 

• Ident ificat ion and trans fer of germ plasm assoc iated with 
res i s tance to disease and health prob lems 

• De termination of gene tic markers to ident ify or increase 
superior germ plasm from indigenous species . Us ing 
monoc lonal antibody technology wi l l  speed up the process  of 
genetic select ion . 

• Identification of gene tic fac tors re lated to produc t ion and , 
particular ly , to puberty , morbidity , and pro l i fe rance 

• S torage (us ing cryopreservat ion and s imi lar technique s )  and 
clas s i ficat ion of germ plasm on a worldwide spec ies bas is . 
Germ p lasm banks represent ing exotic and endange red species 
should be es tab lished as soon as possible in the different 
eco logical zones . 
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Reproduct ion 

For males , produc tion, collec t ion , process ing , and use of  
spermatozoa are  topics of intere st to many researche rs ,  who are al so 
concerned about seminal qua l i ty , preservat ion, and hand l ing , inc lud ing 
alternate s torage methods to freez ing . The fac tors that affect the 
mobi l i ty of spermatozoa--those that inhibit as we l l  as s t imulate or 
ini t iate mob i l i ty--must a l so be s tudied , as we l l  as the epididymal 
phys iology and maturat ion o f the spermatozoa. Invest igat ions of 
disease spread in semen and sexing semen are also needed . An 
important re lated research topic , of course , is the fert i l i ty of 
vari ous species in the t ropics .  

Other areas of pos s ible genetic  research inc lude an eva luat ion of 
the phys iological and psychological aspects  of sexua l behavior in 
ind igenous breeds and a s tudy of pheromone s ,  chemical subs tances 
produced by an animal that stimulate one or more behavioral responses 
from o ther individual s  of the same spec ies . The fac tors that 
s t imulate test icu lar hypertrophy mus t also be ident ified (unil ate ral 
cas trat ion s t imulates hypertrophy and semen produc t ion in the 
remaining tes t ic le ) .  Final ly , andrologic profi les of animals in the 
tropics  in re lat ion to behavior , mob i lity , and fert i l ity  mus t be 
comp i l ed .  . 

Regard ing females , spread of animal disease can now be avoided by 
means o f  embryo t rans fe r in which germ plasm is transported via embryo 
from one area to anothe r ,  although thi s  remains to be confirmed . 
Embryo trans fer from one species to another , which is like ly to be 
ach ieved in the near future , is also a means of e s t ablishing species 
in regi ons where they did not previously exist . Causes of embryo 
was t age in the female is a further area of concern , as we l l  as 
cryopreservat ion of embryos in as sociat ion with exis t ing art i f ic ial 
insemination fac i l i t ies . Further ,  the methods available for early 
diagnos i s  of  pregnancy--RIA ( radioimmunoassay ) ,  ELISA (enzyme-linked , 
immunosorbent assay ) , and ultrasound--need further study . 

A number of aspects  of the t rans fer of livestock among 
geographical  zones mus t be examined more thoroughly inc luding : 

• Breed differences 
• Economic feasibi l i ty of environmental manipulat ion to enhance 

reproduc tive effic iency 
• Nutrit ional requirement s 
• Effect of s tre ss  on organs--thyroid , anterior p i tuitary , 

adrena l glands--in re lat ion to reproduc t ive behavior 
• Heat detect ion and s i lent es trus 
• Puberty changes in re lation to nutrit ion. 

Proj ects on reproduc t ion might also inves t igate new techniques as 
we l l  as improve e s tab l ished pract ices . Educat ional programs for those 

• 
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in the l ivea tock indua try may be nece a a ary to implement and improve 
exiat ing technique a . 

ApPlYing Biotechno lOJY to Reproduc t ion . App l ication• o f  
biotechno l ogical re aearch wi l l  b e  moa t  relevant to mamma l ian germ 
plaam manipulation• that improve aniaal produc t ion, Some o f  these 
manipu lation• are dire c t  and immed iate ly ava i lab l e .  whi le other• are 
more ind ire c t  and hold proaiae for the future . 

A number of aanipu lat iona are currently be ing prac t iced . 
Art ificial inaeminat ion extend a  the uae of avai lab l e  ma le game tes and 
permi t a  a auperior animal to e ire thouaand a of offspr ing . 
Superovu lat ion produce • larger number• of female gamete• for 
fert i l izat ion and . in combinat ion with embryo t rana fer .  extend a  the 
re produc t ive potent ial of the feaa le and acce lerate• he rd 
deve lopment . Cryopre aerva t ion aua pend a  the l i fe proc e a a e a  of 
apermatozoa . ova . and embryo• • thua permi t t ing "banking" for c ro a aea 
wi thin a t ime frame that would otherwi a e  be impo a a i b l e . Final ly . 
twinning , by embryo a p l i t t ing or ha l f  b l a a tomere devel opment , p roduces 
two gene t ica l ly ident ical individua l •  ( thia t echni que i a  being 
extended to produce mu l t iple a ib l inga ) ,  Al l of the a e  manipu l a t i ons 
are not prac t i ced aucc e a a fu l ly on a l l  a pec iea ; they have been large ly 
appl ied only to c a t t l e  and hor aea in the Uni ted Statea . Al l mer i t  
improved e f f i c iency and e a a e  of per formance a nd  reduced c oa t .  Given 
that they are a lready proven . the ae technique • rate high priori ty for 
c ont inued aupport . 

lor the immed iate future (wi thin 5 yeara ) .  i t  ia h igh ly probab le 
that bio techno l ogy wi l l  produce a number of breakthrough• that wi l l  
improve anima l  reproduc t ion . 

Sex regulat ion wi l l  ident i fy the aex of a pre iaplantat ion- a t age 
embryo or a e parate X- from Y-bear ing a pe rm  ce l l a  before 
fert i l i zat ion . Thia work i a  being undertaken uaing the H-Y ant igen aa 
a criterion. 

Ma turat ion o f  oocyte •  in vitro enab l e •  the harvea t o f  hundred• of 
fema l e  game t e a  from a a ing le ovary and . combined with fert i l izat ion 
in vi tro . c an "re a cue" prob lem anima l •  or apec iea from reproduc t ive 
Obacurity . Th i a  baa been achieved in rodent• and primat ea , but only 
sporadic aucce a s  has a o  far been reported for l ivea t ock apec ie a .  

Oocyte fua ion invo lves two fema le ova "mutual ly fer t i l i z ing" each 
o ther wi thout bene f i t  of a ma le gamete . Th i a  perai t a  female-female 
c ros s e s  and enaurea that the re a u l t ing o f f a pr ing wi l l  be hoaozygoua 
f emalea . B l a s tocya t-a tage embryos have already been obtained thia way 
ua ing Sendai virua . but current s tud iea are focu a ing on the �ae of 
polye thy lene glycol and s quare-wave e lectrical fielda a a  waya o f  
induc ing fus ion . 

C l oning producea mul tiple copiea of gene t ic a l ly ident ical 
anima l s .  This baa been done in mice by nuc lear t rans p l antat i on .  but 
o ther me thods hold promiae for eaa ier produc t i on of more copiea . 
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Fus ion o f  embryonic c e l l s  to ova whose nuc lei have been de atroyed by 
an u l traviolet l ight beam i s  probably the mos t  promising of these . 
When ways are found to use somatic cell  nuc lei (which has not yet been 
accomp l i shed ) ,  an infinite number of copiea of an already proven 
animal c an be made .  

I n  uni sex parentage , embryos are produced from the genome of only 
one parent or from two male gametes . With this method , one pronuc leus 
of a newly fert i l ized ovum is des troyed by an u ltraviolet l ight beam ,  
and the o ther i s  permit ted to dup l icate be fore the ce l l  c l eaves , thus 
re s toring diploidy . This is done with cytochalasin B which b locks 
cytokine s i s  but permits karyokines is to proceed . Depending on which 
pronuc leus is destroyed , the embryo wi l l  be of only paternal or 
maternal origin but wi l l  always be female and 100 percent homozygous .  
Th e  s ame technique c an also  be used to se lective ly destroy the female 
pronuc l eus in an ovum where the c e l l  surface had been treated to 
perm i t  po lyspermy , making a male-male cro s s  pos s ib le . 

Interspe c ie s  embryo t rans fer , where the embryo of one spec ies is 
transferred to a surrogate mother of  another s pec ies , can extend and 
conserve the l imi ted germ p lasm of exotic and endangered s pec ies whose 
genomes may be important for the future . Thi s  technique could also  be 
used t o  e l iminate vertical  transmiss ion of spec ies-specific  diseases . 
To date , aucces s ful term pregnancies have been achieved by thi s method 
in members of the horse , cat t le ,  and rodent fami l ies . (Pregnancy was 
i n i t iated in the cat and mus telid fami l ies but d id not go to term. ) 

W ithin 10 years , in addition to continued improvement of a l l  the 
techniques noted , a t  least four maj or techno logical advances involving 
manipu lation of mammal ian germ p l asm are foreseen : 

• Rapid se lection for genetic traits  us ing monoc lonal 
antibodies for identi fication of spec i f ic gene carriers 

• Gene transplantat ion to introduce a part icular t rait  into an 
animal or to correct a gene t ic defect 

• Customized animal s  produced from t ransferred nuc lei selec ted 
from ce l ls of the des ired phenotype 

• Ovary t ransplantat ion to rescue the germ p lasm of s terile 
superior females . 

To summarize , the following represent immed iate research need s  in 
the area of animal reproduction : 

• Use o f  ova t ransfer as a too l for improving l ivestock 
product ion within the shortest t ime possible and for 
contro l l ing disease . Aspects of thi s research are 
c ryopreservation and transportat ion ,  twinning and s ingle 
b irth , superovulation, maturat ion of oocyte& in vitro , oocyte 
fus ion and sexing , c l oning , unisex parentage ,-an

_
d __ __ 

interspecies trans fer . 
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• Reduct ion of embryo wastage in auperovulating apecies 
• Deve lopment and use of a l ternate me thode for aemen 

preservat ion and hand l ing in artificial inseminat ion aa we l l  
a a  a tudy of  aeminal phyaio logy , fert i l i ty ,  and aspects  o f  
diaeaae control through art i ficial inseminat ion 

• Use of monoclonal ant ibod iea for improving d isease diagno a t i c  
technique a ,  vac c ine product ion , ova trans fer , and aemen and 
embryo sexing 

• Study of test icular hypertrophy 
• Improvement of reproductive management in deve loping 

countries .  

Nutrit ion 

Improving the nutrition of ind igenous animala in deve loping 
countries is of great importance . Becauae many developing countr ie s  
import animal feed , methods for greater u t i l izat ion of  l o c a l  b iomas s  
and by-product s  for animal feed must b e  deve loped . I t  wou ld thus be 
useful to integrate the re search effort s  on animal produc t ion with 
those of agronomis t s , range sc ientists , i rr igation spe c ia l i s t s , aoil 
sc ientists , and economis t s . 

Important research areas in nutrition include : 

• Natural range management in tropical areas 
• Me thods to ident i fy chemical inhibi tors in plants to permi t 

more effic ient use of ind igenous fodde r speciea 
• New or more e ffec tive uses of loca l biomass and feeds tuff 

res idues such as aquatic weeda , cereal atalks , and grain 
mi l l ing by-products and ens i l age (particular ly by-produc ts of 
biomass energy projects  such as the leaves and s tems of  t rees 
and shrubs ,  as we l l  as s t i l lage and fermentat ion res iduea ) .  
The ent ire plant mus t  be cons idered for human and animal 
use . Plant breed ing programs mua t  consider the e f fects  o f  a 
plant ' s lignin , s i l ica , and tannin content on i t s  value a s  an 
animal feed and an energy source . 

• Methods of eva luat ing plant c e l l  usabil ity by dif ferent 
spec ies 

• Feeding strategies for local areas . Through knowledge o f  
feeding behavior of animals the best  complementari ty of 
animal and plant ecosys tems for mos t  effic ient uae c an be 
ident ified , as we l l  as c onstraints within ecosystems such as 
chemical inhibi tors that affect u t i lizat ion of p lants  by 
anima l s . 

• Needs for a balanced diet  to improve overal l  nutrit ional 
ef fic ienc y .  Proj ects in t h i s  area are we l l  sui ted to a 
mul t idiscipl inary approach . 
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Health 

Animal losses  from d isease are a maj or  concern of l ives tock 
producers in deve loping countries . Needs for research on spec ific 
d isease problems vary among developing countries and within certain 
areas of a country . Some general research topics ,  however , that 
warrant a t tent ion inc lude development and re finement of bet ter 
diagnos tic  techniques through monoc lonal antibod ies ( see the working 
group report on thi s  subj ec t ) ; development o f  bet ter preventive 
measures , inc luding improved vacc ines and expansion of vaccine 
produc t ion to susceptible d iseases ( see the working group report on 
vacc ines ) ;  and review of the effec t ivenes s  of some eradicat ion 
programs . Based on wor ld prior i t ies , spec ific diseases that merit 
add i t ional research inc lude : 

• Paras itic  d iseases : babesiosis and anaplasmosi s ,  
thei leriosis  (Eas t Coast  fever ) , and t rypanos omias is (number 
one priori ty in Africa ) 

• Intestinal parasites , i nc lud ing flukes 
• Viral d iseases : African swine feve r ,  foot-and-mouth d isease , 

goat catarrhal feve r ,  Gumboro disease in pou l t ry ,  hog 
cholera , rab ie s ,  Rift Val ley fever ,  and rinde rpes t  

• Bac terial diseases : bruce l l os i s , buffalo neonatal 
polyarthritis  ( important in As ia) , contagious bovine 
p leuropneumonia , leptospiros is , mas t i t is , streptothricosis 
( important in Wes t  Africa ) ,  and tuberculos i s .  

Control of gene t i c  disease may b e  aided b y  genetic  select ion , 
gene manipulat ion and eng ineering , or both. Specific areas could 
inc lude mas t i t is and tick res i s t ance and deve lopment of an improved 
immune respons e .  

Work in biotechnology has unt i l  now largely focused o n  c a t t le , 
but the role of other types of animals , both dome s t ic ( swine , poultry , 
sheep and goats , buffalo and came l s ) and exotic (deer and ante lope , 
c apybara , e tc . )  mer i t  at tent ion to de termine any s igni ficant 
appl icat ions of  the new b iotechno logy . These species contribute to 
the total food supp ly and comp lement biomass ut i l izat ion in ways that 
migh t  be exploited to  advantage . 

Biotechnology may also have important app l ications to both 
d i agnosis  of and res i s t ance to toxicological agents in the 
e nvironment , part icularly those resul t ing from use of  fert i l i zers , 
herbic ides , and pes t ic ides in agriculture . Furthermore , 
b io technological applications to breeding and health programs may 
provide important opportuni t ies for improving the overa l l  produc t ivity 
of  farming sys tems , provid ing a l ternat ive management pos s ib i l i t ies , 
and solving s tress-re lated problems . Management-assoc iated di seases 
i nc lude : minera l defic ienc ies and toxic i t ies , metabol i sm/nutr i tion
med i a ted diseases , s t ress-mediated diseases , and neonatal enteri t i s .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .
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In the area of poetharvee t  t echnology and market ing of animal 
products , improved sye teme of de l ivering and etoring animal product s  
for consumer• are crit ical for deve loping countriee and are l ike ly to 
have important b iotechnology imp l icat ions . 

In a l l  theee area e , improveaente in infraetruc ture and 
appl icat ion o f  exi e t ing techno logy are l ikely to be more urgent than 
modern biotechnology . However ,  the prospec t ive biotechnological 
advances that could be appl ied are l ikely to  aake the impac t of  
infraetructural changes more attract ive and potent ial ly aore e ffec t ive 
in the long run in increas ing aniaal production. 

GENERAL RECOMMENDATIONS 

At the turn of the century , plague• euch a1 rinderpes t  
cone t i tuted the moet important s ing le threat to the liveetock 
industry .  Over t ime , however , through vaccination and improved 
management prac t icee , moe t  of the devas tating diseaeee have been for 
the mos t  part contro l led . Al though infect ioue d ieeaees in l ives tock 
are s t i l l  important , genetic , reproduct ive , and nutrit ional problems 
have a ssumed greater importance in overal l  l ivee tock product ion in 
deve loping countries . Thue research on theee prob lems should have 
greater prior i ty , e epec ial ly ae there appears to be evolving , through 
monoc lona l  ant ibody technology , be t ter diagnostic  capabi l i t ies  and 
safer and more e ffect ive vaccines . However ,  in view of the obj ect ive s 
of this  workshop--to ident i fy research opportuni tiee in biotechno logy 
of the highes t  use to developing countriee--i t was conc luded that 
direct  app l icat ions of  biotechnology to  gene t ic and reproduc t ive needs 
are more important than ind irec t  applicat ion• in nutrit ion and 
health . Neverthe les e ,  the lat te r  aspects  remain of utmoet  importance 
i f  the ful l  benefit•  of b iotechnological techniques are to be gained . 

Mos t  s ignificant advance• in breeding can be achi eved through the 
technology now avai lable by increas ing the gene frequency of h igh
performance stock in smal l  numbers of ee lected animals  through embryo 
replicat ion. Us ing this technique , i t  is pos sible to generate in one 
year herds of producing animals that would have taken a hundred years 
with tradi t ional breeding programs . However ,  trans fer of  this 
technology and high-performance genes to deve loping countries require• 
the abi lity to t rans fer embryos and semen wi thout risk of disease 
t ransmis e ion . Although such t rans fer remains to be deaonstrated , 
there i s  no technical barrier to accomp l ishing this in the near 
future . Another aspect of b iotechnology related to these advances is 
the abi l i ty to use monoc lonal ant ibodies to ident i fy the presence or 
absence of speci fic genes respons ible for product ive t rai ts and the 
pre sence or susceptibi l i ty o f  the animal to disease . Thi s  capabi l i ty 
i s  l ike ly to become e s tab l i shed within the near future with l imited 
inves tment in research funding . 
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It is therefore recommended that the u . s .  for 
Internat ional Development AID and other give 
priority in support to : 

Veri ficat ion of the abi l i ty to trans fer embryoa and semen 
between geographic region• without risk of transmitt ing 
diseaae 
Eatab l i ahment o f  embryo repl icat ion capab i l i t iea  in 
deve loping countries 
Uae of genetic marker• for animal product ion using 
monoc lonal antibody technique s .  

No apecial requirements are assoc iated w i t h  the appl icat ion of 
biotechnology to improving animal production. Ins titutions with 
fac i l i t iea for such routine procedures as s toring aemen for art i ficial 
inseminat ion can accommodate the new technologies . 

• Because few research ins titut ion• in developing countries 
have begun to use new biotechnological procedures, it is 
recommended that a care ful procesa of ident ifying the mos t  
uae ful and produc tive technologies and related manpower and 
training needs for local requirement• be undertaken. This 
wil l  involve : 

Workshops on priorities and implementat ion a trategies 
Partic ipation in conferenc&a by proapec tive researchers 
and trainee• 
Technic ian training through short courses 
Longer term research manpower development at the graduate 
leve l .  

Technical t raining t o  acquire the techno logy through short 
c ourses  is read i ly ava i lable . Graduate-leve l opportunities a t  
advanced centers i n  the United States , Europe , and Japan are l ike ly t o  
be more difficult i n  terms of cos t ,  access to l imi ted pos it ions 
because of compe t i t ion with nat ionals , and the prob lem of relevance of 
high ly specialized , narrow research top ics  to developing count ry 
needs . Strengthening of graduate t raining and research capab i l it ies 
in developing country centers should be emphas ized. 
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Monoclonal Antibodies 

INTRODUCTION 

Ant ibodies , protein molecules produced by certain c e l l s  in the body , 
are a bas i c  cons t ituent of animal and human disease-f ight ing immune 
systems . *  When the immune sys tem detec ts  a foreign subs tance or 
antigen in the body , it s t imulates ce l l a  that make a d iverse number of 
ant ibodies agains t the ant igen. The ant ibody-produc ing ce l l s  
recognize the physiochemical charac terist ics ( e lectric charge , 
pat tern ,  or shape ) of the part icular ant igen and produce an ant ibody 
that b inds specifica l ly to the ant igen , thus effec t ively neut rali z ing 
and destroying i t . 

The s tandard method of obtaining ant ibodies to protect agains t a 
spec ific  disease antigen is to inj ec t  an animal (or human ) with the 
ant igen for which an immune response is des ired . The immune sys tem 
then re sponds by produc ing a var iety of ant ibodiee , each spec i f i c  to a 
dif ferent part of the inj ected ant igen molecule . Blood serum removed 
from the anima l contains this antibody mixture . 

Obtaining ant ibodies from immuni zed animals  i e ,  howeve r ,  a s low 
and tedious operat ion , and it  is very difficult to isolate a spe c i fic 
ant ibody . At the end o f  several extrac t ion and purificat ion s teps , 
the ant ibodies are usua l ly only weakly spec i f ic , available in smal l 
amount s ,  and of relative ly low ac t ivi ty . Moreover ,  attempts to 
culture antibody-secret ing cells have failed , since such c e l l s  do not 
survive long enough nor produce suffic ient ant ibodiee in cul ture to  
become worthwh i le sources of antibodie s .  

In 1 9 7 5 ,  a new era i n  immunology was launched with the d i scovery 
of the hybridoma technique , a method for creat ing pure and uni form 

*For a separate descript ion of  thi s technology and the s tate of the 
art , see "Biomed ical and Biological App licat ion of Monoc lonal Ant ibody 
Techno logy in Deve loping Countries , " by Wi l l iam c. Dav i s  and c o l
leagues , in Part Three . 
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ant ibod ies against a speci f ic targe t . Scient i a ta learned how to fuae 
mye loma ( cancer ) c e l l s  with ant ibody-producing ce l l s  from an immunized 
d onor . The hybrid c e l l  or '�ybridoma" resulting from this fus ion haa 
the abi l i ty to mul t iply rapidly and inde finitely in cul ture and to 
p roduce an ant ibody of predetermined spec ific i ty , known as a 
'�onoc lonal ant ibody . " Thia new hybridoma technology for product ion 
of s t andardi zed reagents ( ant ibodiea ) of a given claas , speci fic i ty ,  
and affinity has provided sc ient i s t s  with a tool that perai ts  the 
analya i a  of vi rtual ly any ant igenic mo lecule . Such reagents can be 
made in virtua l ly unl imited amount s whenever needed , thus making them 
read i ly avai lable to a l l  investigators or diagnostic laboratories . 

Appl ication o f  this technology has provided a breakthrough in the 
method s avai lable for analyaia of the ant igenic compoait ion of 
microorganisms , for rapid diagnos is , and to aid in the deve lopment of  
vacc ine s .  The techno logy affords an opportunity t o  make important 
advances in understanding the diseases of humane , animals , and p lanta 
with greater spe c i f ic i t y ,  apeed , and at reduced cos t .  The techni que 
i s re lat ive ly s imple and atraight forward to use and can be readily 
deve loped and made avai lab le for uae in deve lop ing countr iea . Thi s 
c an be accompl i shed through cooperat ion between ina t i tut ions in 
deve loped and developing countries . 

POTENTIAL APPLICATIONS IN DEVELOPING COUNTRIES 

Scient i s t s  are now in a per i od of t rans ition from the use of 
convent ional serological methods to the use o f  monoc lonal ant ibodie a .  
Such a t rans it ion requires rep lacement of conventional ant ibody 
reagents that mus t  be cons tant ly reproduced and s tandardized as 
supp l ies  become exhausted , as we l l  as deve lopment of reagents that 
provide greater s pecificity and thereby higher re aolution than 
previou a ly obtainab le with comp lex ant i sera . The range of act ivity in 
thi s  field is immense and cannot be fully described in this report . 
However ,  seve ra l  act ivit ie s  are described here mere ly to indicate the 
s c op e  of the areas that may relate to the needs of deve loping 
coun t r ie s .  

Monoc lonal ant ibodies have been made againa t a apectrum o f  
ant i genic components , inc lud ing hormones , d rugs , serum components , 
whi t e  and red blood c e l l a , bac teria , viruses , fungi , s ingle and 
mult ice l lular parasites , and natural toxins derived from plants and 
microorganisms . They have also  proven of value in de l ineating the 
compos i t ion of viral ant igens and in virus epidemiology . Antibodies 
generated agains t animal viruses such as rabies , inf luenza , 
parainf luenza , herpes meas les , SV-40 , reovi rus , and tumor vi ruses have 
made i t  pos s ible to ident i fy previously unrecognized aubstraina that 
comp lica ted d iagno s i s  and the deve lopment of effec t ive vaccines . 
Simi lar use in plants has led to the de l ineation of virus aubs trains 
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involved in the pathogenes is of major c rop diaeasea auch as thoae 
induced by fruit  t ree viruaea (Prunua necrotic ring apot . apple 
mosaic . and tobacco streak )  and potato viruses (M.  s. x.  and Y; p otato 
leaf rol l ) . Production o f  monoc lonal ant ibodiea against surface 
ant igens of parasites at various stages in their l ife cyc le has proven 
uaeful in  d i a sect ing the complex antigenic s t ruc ture o f  compoaite 
membrane aolecules and ident i fying molecules for uae in diagno s i s  aod 
the development of e ffec t ive vaccine e .  For malaria . triala are 
planned for the near future to test the potent ial of membrane ant igena 
as vaccines . For trypanosome • .  s tudiea have begun to show promise . 
and in the mouae mode l evidence has juat been obtained that croas 
pro tection can indeed be obtained between re lated but antigenical ly 
dissiai lar variants .  

These example• emphaa ize the ut i lity o f  monoc lonal ant ibodies in 
addresa ing some of the difficult problems faced by developing 
countries . The following sect ions deacribe some speci f ic areas in 
which the use of monocl onal antibody technology will  prove of 
except ional value . 

Human Health 

The development of rout ine diagnostic  reagents for use in 
diagnoatic laboratories exemp l i f ies effec t ive use of monoc lonal 
ant ibody technology . Al though there is l i t t le difference in the 
amount of  t ime needed to deve lop diagnos tic reagents by conventional 
procedure s and to develop identical reagents us ing monoclona l ant ibody 
techno logy . the advantage of the new technology is that antibod ies 
only have to be generated once . The specificity obtained i s  exact and 
readily standardized . The result ing savings  in t ime and money has 
been recognized . and commerc ial enterprise• are rapidly turning to the 
new technology for the routine product ion of serological reagents . 
Monoc lonal antibodies have a lready been made against a number of 
compounds of potent ial value in diagnostic procedures . inc luding 
hormones . bacteria . viruses . paras ites . whi te and red b lood cel l a .  and 
serum proteins . 

The reagents generated thus far would be equa l ly usefu l  in 
diagnos ing diseases in deve loping countries and would great ly 
fac i l i tate and improve the exi s t ing diagnostic  capabi lity .  Although 
e ffect ive reagents are s t i l l  not ava i lab le for many di seasea ( see 
Table 1 ) . for aome . such as ma laria and schistoaomiasi s . considerable 
progreas  has been made ( see the working group report on vacc ines ) .  It  
would be useful to devise a mechani sm  that would accelerate and expand 
the capab i l i ty of inst i tut ions to prepare the needed diagno a t ic 
reagents .  Once this techno logy i s  e s tab l i shed and monoc lonal 
antibodies are made to the prevalent . serious diseaae-caus ing 
organisms . these antibodies could provide the means of ident i fy ing the 
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TABLE 1 Infectious di seaaes occurring in huaans . 

Requires Require• 
improved Disease vaccine or 
diagnos t ic control better 

Di sease capabil ity possib le• vacc ine 

BACTERIAL 
Brucel losis X 
Co l ibac i llosis  X X 
Leprosy X X 
Leptospiro s i s  X X 
Pseudomonoias i s  X X 
Salmone l lo s i s  X X X 
Syph i l i s  X X 
Tuberculos i s  X X X 
Venereal gonococcus X X 

CHLAMYDIAL 
Trachoma X X X 

METAZOAN 
Ascarias i a  X X X 
Cys t icercoaia /hydatidosis  X X X 
Fi lariasis  X X X 
Schis tosomiasis  X X X 

PROTOZOAN 
Amebiasi s  X X X 
Giardiasia  X X 
Malaria X X X 
Toxoplasmosis  X X X 

V IRAL 
Equine encephal i t is X 
Hepatitis  X X X 
Herpes I I  venereal X X 
Influenza X X X 
German meaalea X X 
Rabies X X 

8By vaccination, treatment , or by l imiting spread . 
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antigenic cons t ituents of the pathogenic organi sms that can be used for 
the development of e ffec t ive vac c ines . Malaria is an example of how 
monoc lonal antibodies can be used for such purposes . The c e l l  membrane 
antigens ident i fied may prove useful in development of an e ffec t ive 
vacc ine . 

Monoclonal ant ibodies also  of fer potential for the deve lopment of 
immunotherapeutic reagent s .  Although the technology i s  not we l l  
advanced in this area ,  i t  may b e  pos s ib le t o  develop reagents that 
could protect against such agents as snake venoms , plant- and 
microorganism-derived toxins , and rabies . For a s ingle use , monoc lonal 
ant ibodies derived from mouse-mouse hybridomas would prove effec tive .  
For continued use , however ,  ant ibodies would have t o  b e  derived from 
human-human hybridomas . The technology for deve loping such reagents 
i s , neverthe less , in i t s  infancy and can only be considered as  a 
potent ial appl icat ion that wou ld be extreme ly useful as an addit ional 
therapeutic too l .  

Success i n  generating hybridomas that make ant ibodies of  high 
speci ficity and affinity against reproduc t ive tract hormones (human 
chorionic gonadotrophin, proges terone ) opens the possibil ity o f  the ir 
use in both diagnos is and therapy . An abundant source of ant ibod ies of 
consis tent charac teristics  wou ld be he lpful in devis ing low-cost 
me thods of  detec t ing pregnancy at an early stage that use 
nonradioac t ive , isotopic immunoas says . Stabil i ty and re l iab i l i ty of 
these kits  at  temperatures prevalent in t ropi cal countries wou ld 
s t imulate the i r  widespread use in several parts of the world where such 
fac i l i t ies  are not availab le . Mechanisms should be devi sed to make 
these developments more immediately use ful , as we l l  as model systems 
for evolving s imi lar assays for d iseases of pregnancy. 

Food Produc t ion 

Monoc lonal antibody techno logy is not l imited to prob lems of human 
heal th ;  i t  wi l l  prove equa l ly valuable in improving food product i on in 
deve loping countries . 

Animal Health .  S igni f icant animal losses from disease occur in 
developed countrie s ,  and losses in deve lop ing countries are even more 
severe . For cattle , it i s  e s t imated that some $4 b i l l ion per year is 
lost  from disease in the Uni ted States alone . This  is , in par t ,  
attributab le t o  a lack o f  knowledge about the immune func t ion i n  
food-produc ing animals , a lack o f  adequate diagnos t ic reagents to  
ident i fy infec t ious agents respons ible for disease outbreaks , and a 
lack of information essent ial for improving methods for breeding for 
disease re s i stance . As with humans , monoc lonal ant ibody technology has 
provided .the means of deve loping a set of diagno s t ic reagents , and the 
value of this technological breakthrough c annot be overemphas i zed . The 
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spectrum o f  diseases in food animals  t he world over i s  quite  large , 
and e f fe c t ive d iagnostic  reagents are only avai lab le for a few. The 
deve lopment of s tandard diagnos t i c  refe rence reagents for 
international use would be of great value . A number of the important 
diseases  are l i sted in Tab le 2 .  

A mul t inat iona l program i s  needed t o  addres s  effect ively the 
prob l ema of food animal d iseas e ,  s ince in many ins tance s  diseases are 
not re str i c ted to a s ingle continent . For example , anaplasmosis  is a 
per s i s tent disease caus ed by a ricketts ial organism.  Because wi ld 
ruminants serve as a reservoir , there is no e f fective way to eradicate 
the d i sease , and no effect ive vacc ine has been deve loped . A be ttr �  
me thod i s  needed to  ident i fy infected animals , and greater e f fort s 
mus t  be expended on produc ing a vaccine .  W i ld animals  a l so serve as a 
re servoir for and prevent eradicat ion o f  b luetongue virus , Here , 
however , d isease c ontro l i s  comp l icated by the fact that many 
s ubtypes--the current e s t imate is 2 1--o f  the virus exist , and 
vacc i nation against one type does not effect ive ly prot ect  against 
inf e c t ion by other types . Bluetongue i s  also one o f  the d iseases t hat 
prevents the shipment of sperm and embryos to deve loping count r ies  to 
a id in upgrading nat ive breeds . There i s  an urgent need to accelerate 
research on this virus , both to deve l op typing reagents and to produce 
a vacc ine ( see working group report s on vacc ines and animal 
p roduct ion) . 

Where a disease is more localized and important to food 
production--for examp le ,  salmone l losis  and colibac i l losis--research 
programs u t i l iz ing monoclonal ant ibody techno logy to  address  s pec ific 
needs  are required , Although such diseases exi s t  worldwide , s train 
variat ion at the local level accounts  for regional prob lems , which 
nec e s s itate deve lopment of diagnos tic  reagents to ident i fy t he s t rains 
of bacteria cau s ing the local disease . At both the nat ional and 
internat ional leve ls ,  monoclonal antibodies are needed to fac i l itate 
the ident i f icat ion of  ant igens in pathogenic organisms that can be 
used  to  deve l op e f fect ive vacc ines . 

Monoc lonal ant ibody techno logy also  provides a much-needed 
mechani sm for improving methods of se lec t ive breed ing . Convent ional 
methods o f  produc ing typing reagents have provided a l imited but 
important view of the antigenic polymorphic determinants present on 
whi te b l ood ce l l s ,  which can be used to def ine gene systems for 
s e lect ive breeding . Monoc lona l ant ibody techno logy has shown that t he 
po tent ial i s  much larger and that i t  can serve as a mechanism for 
ident i fy ing not only gene systems that inf luence suscept ibi l ity to 
infect i ous d is eases but also those that control  the inheri tance of 
d e s i rab le performance t rai t s . 

An internat ional c o l laborat ive program that inc ludes deve loping 
countries is needed to deve l op monoclonal antibody typ ing reagent s for 
use in se lect ive breeding s tudies . The compilat ion of gene t ic 
prof i les both of anima ls that might be used to upbreed nat ive animals 
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TABLE 2 Infectious diseases occurring in ani.& b. 

Requires Requires  
iaproved Disease vaccine or 
diagnostic control be tter 

Di sease capability possible• vaccine 

BACTERIAL 
Atrophic rhini t is ( swine)  I 
Brucellosis  ( bovine ) I I 
Co l ibac i l losis  

( swine , poultry ) I 
Leptospirosis  

(bovine , swine ) I I 
Pleuropneu.onia ( swine ) I 
Sa lmone llos is  

( swine , poultry) X 
Tuberculos i s  (bovine) X X I 

KETAZOAH 
Ascarias is X X 
Cysticercos is/hydatidosis X X 
Fascioliasis X X X 
Schistosomias is X X 

PB.OTOZOAH 
Babesiosis (bovine) X X X 
Coccidiosis ( avian, X X 

ruminants ) 
Thei lerios is  X X 
Trypanosomiasis  X X X 

B.I CKETTS IAL 
Anap lasmosis  ( bovine ) X X 

VIRAL 
African swine fever I X 
Aujeszky ' s  disease 

( swine) X 
Blue tongue ( ruminant s )  I X 
Bovine paralytic  rab ies X X X 
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TABLE 2 (continued) 

Requires Requires 
improved Disease vacc ine 
diagnostic control better 

Disease  capabil ity poss ible8 vacc ine 

Bovine viral d iarrhea X X 
Equine infectious anemia X X 
Foot-and-mouth d isease 

( swine ,  bovine ) X X 
Hog cholera X 
Infec t ious bovine rhino-

trache itis  (bovine ) X X X 
Low product ion syndrome 

(poultry) X X X 
Marek ' s  disease (poultry)  X X 
Newcastle d isease ( poultry ) X 
Rinderpest (bovine ) X X 

8By vacc inat ion ,  treatment , or by limiting spread . 

and of nat ive anima ls i s  also needed . Native animals , although 
re s i s tant to d isease , are often of poor qua lity and cannot be used 
over a short t ime period to improve breed performance . In contrast , 
the exotic breeds that can provide the gene pool for improving the 
qual ity of nat ive stock do not possess the genes that contribute to 
re s is tance to endemic d isease . The lat ter thus prevents the d irect 
introduct ion of improved breeds and necessitates upbreed ing through 
crossbreeding . 

A typing system i s  needed that permit s  the identi ficat ion and 
retent ion of des irab le trait s .  Monoc lonal antibody technology has 
af forded the first maj or breakthrough to achieve this obj ect ive . With 
prec ise typing and the use of ova transp lantat ion ,  s e lect ive breed ing 
c ould be greatly acce lerated . This techno logy would be of equa l va lue 
in improving both large and small  food animals . 

Plant Health .  The food chain for animals  and humans i s  based on 
plant agricul ture . Thus any improvements to plant hea lth and crop 
product ion by reduc ing or control l ing outbreaks of p lant pathogens 
wi l l  have a d irec t impac t on animal and human nutr it ion. Large 
numbers of viral , fungal ,  and bac terial pathogens constant ly threaten 
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ent ire food c rops , and the use of gene t ical ly uniform plants to 
maximize product ion has increased the risk of such calami t ies . 
Internat iona l quarant ine programs have been established to prevent the 
spread o f  maj or pathogens via infested or infected seed or p lant part s 
or produce ,  and sero l ogy has played an important role in such programs . 

The persistent dif ficult y ,  unt i l  now, has been the development of 
adequate quantit ies of standardized immune reagents for worldwide 
use . An internat iona l  program is needed to address  the prob lems 
assoc iated with produc ing standardi zed immunological reagent s for 
d isease d iagnosis  and epidemiology . Monoc lonal ant ibody techno logy 
provides a means of meet ing these goal s , and with a j oint commitment 
from deve loped and deve loping countries rapid progres s  can be made . 
Deve loped countries can provide the input for diagnost ic reagents for 
pathogens common to both devel oped and deve loping c ountrie s .  Some 
deve loping countries , however , need to addres s immed iat e ly pathogens 
that are contribut ing to economic losses . 

Cont inuing programs that use serological  t echniques for potatoes , 
fru i t , and c ereal crops i l lustrate the need for immune reagents for 
research and d iagnos t ic testa for cert i ficat ion ( see Tab le 3 ) . For 
example , potatoes are propagated vegetatively to  ensure crop 
uni formity.  Cert ificat ion of pathogen-free seed pieces for 
cu l t ivat ion require s testing for such organisms as Erwinia c arotovora 
var . atrosept ica ( the causat ive agent of blackleg of potato) , potato  
leaf ro l l  virus , and potato viruses M ,  S ,  X ,  and Y .  It has  been 
di fficult , however , to deve l op reagents capable of dist inguishing 
between s train variants ,  and this capabi lity is often necessary to  
determine whether a disease outbreak occurred with a variant of t he 
pathogen characteristic  of the area whe re the seed stock was put into 
product ion or with a variant character i s ic of the region where the 
seed p ieces were propagated . Monoc l onal ant ibody techno logy offers a 
s o lut ion to the se prob lems and provides a means for epidemiological 
surveys o f  pathogenic s train variant s .  

Ilarviruses present s imi lar prob lems i n  fruit t rees . Prunus 
necro t ic ring spot , prune dwarf , and apple mosaic viruses cause 
serious diseases in cherry , peach , plum, and app le t rees . The fai lure 
o f  the se viruses to e l ic i t  a st rong immune response hinders the 
produc tion of high-qual ity serological reagents capab le of detect ing 
them in cert i fied propagation stock or in field outbreaks . Early work 
with monoc lonal antibodies has shown that the se problems can be 
overc ome . 

Several viruses cause maj or dif ficult ies in c itrus produc t ion. 
For example , c i t rus tris teza is  near ly ubiquitous , and certain s t ra ins 
of  thi s virus can des troy ent ire orchards . Control measure s  are t o  
remove infec ted orchards .  Although mi ld strains of t h i s  vi rus c ause 
l i ttle  or no disease and can protec t against infect ion by the severe 
form , conventional sera cannot d i s t inguish between these strains . It 
i s  hoped that monoc lonal ant ibodies may res olve these prob lems . 
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TABLE 3 Infect ious diseases occurring in p lants . 

Di sease 

POTATO 
Bacterial 

Erwinia carotovora var . atrosept ica 
Pseudomonas solanacerum 

Vira l 
Andean potato latent 
Potato leaf rol l 
Potato virus M 
Potato virus S 
Po tato virus X 
Potato virus Y 
Tobacco mosaic 

CITRUS (bacterial and spirop lasma ) 
Ci trus tristeza virus 
Spiroplasma citri 
Xanthomonas c i tr i  

FRUIT TREES (peach , p l um ,  cherry , 
a lmond , apricot , apple) 

Viral 
Apple mosaic 
Prune dwarf 
Prunus necrotic r ing spot 
Tobacco r ing s pot 
Tobacco streak 
Tomato ring spot 

COCONUT 
Cadang-cadang 
Letha l ye l lowing 

CASSAVA 
Ca ssava mosaic virus 

SUGARCANE 
Ratoon s tunt virus 
Sugarcane mosaic virus 

Requires 
improved 
diagnos t ic 
capabil ity& 

X 
X 
X 

X 

X 
X 
X 

X 
X 

X 

X 
X 

Work 
in progres sb 

X 
X 

X 
X 
X 
X 
X 
X 
X 

X 
X 
X 

X 
X 
X 
X 
X 
X 

X 

X 
X 
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TABLE 3 (cODt inued ) 

WHEAT • BAILEY ,  GllAIBS 
Viral 

Bar ley stripe aosaic 
Barley yel l ow  dwarf 

!liCE 
Viral 

Rice dwarf 
Rice grassy stunt 
Ri ce ragged s tunt 
Rice tungro 

MAIZE 
Viral 

Ma ize ch lorot ic leaf spot 
Maize rough dwarf 
Ma ize s treak ( Africa) 
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lequires 
i..,rovecl 
diquos tic 
capab i l ity• 

X 
X 

X 
X 
X 
X 

X 
X 
X 

Work 
in progreaab 

8Re lat ionsbips of pathogen boa t  vec tor and enviroa.ent not c learly 
unde rs tood . 

bean be contro lled or reduced in severity . 

Proper d i agnost ic capab i l i ties wi l l  a l so increase the e ffic i ency 
of crop product ion aod ut i l ization .  For exaaple , potatoes infected 
with potato leaf rol l virus should be consu.ed within a aontb or two 
o f  harve s t , s ince pro longed s torage aay resu l t  in deve lopaent o f  a n  
interna l net necros is , render ing the tube rs u se less except f o r  animal 
feed . Barley ye l l ow dwarf virus syaptoas in infected wheat , bar ley , 
and oats aay rese.b le nitrogen defic iency . Proper vi rus d i agno s i s  can 
prevent b o th need le s s  crop spo i l age and app l icat ion of expens ive 
ni t rogen fert i l izer when it is not needed . 

One priaary area in which aonoc lonal ant ibodies wil l  affect p lant 
product ion is through the deve lopaent of h ighly speci fic ant ibodi e s  to 
d i f ferent s tr a ins o f  p lant pathogens . With this technique it w i l l  now 
be pos sib le to detect and d i f fe rent iate strains of viral , bac ter i al , 
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and fungal pathogens that have not been recognized , opening up a new 
era o f  epidemiological research on p lant s .  For example , there are 
present ly more than 100 proposed members of the potato virus Y group 
of p lant viruses , many of which are probab ly not unique . Ant ibod ies 
to only a handful of these viruses have been produced , and many of 
the se ant isera are of  such low qua lity that they are of l imited value 
in s train different iation .  Product ion o f  monoclonal antibodies t o  a 
number of careful ly selected members of this virus group from 
different crop spec ies and geographical areas of the world would 
provide a bas i s  for determining the true number of viruses in this 
group and a means of determining to what geographical area and to 
which crop species certain s trains may be restricted . Spec ific 
virus-vector-host re lations could also be e lucidated us ing this 
techno logy . 

Re cent re search report s on strains of Prunus necrot ic ring spot , 
appl e  mosaic , and tobac co streak viruses , w�nfect a number of 
fru i t , forest , vegetab le , and ornamental crops , demons trate the 
presence of s trains of these viruses that were previous ly 
unrecognized . Epidemiological research programs are already in 
progre s s  to inves t igate the distribut ion of these virus stra ins in 
c ommerc ial fruit  orchard s in the United States , Canada , New Zea land , 
Aust ra l ia ,  England , Wes tern Europe , and South Africa . 

In a s imilar program with Xanthomonas campestris , the causal 
agent o f  a serious di sease in Brass ica spp . (cabbage) , epidemiological 
surveys in Hawai i  have yie lded valuab le informat ion on the number and 
d i s tribut ion of s trains of this bac terium. 

RECOMMENDATIONS FOR USE OF MONOCLONAL ANTIBODIES 

Human Hea l th 

Many diseases s t i l l  lack adequate or effec t ive d iagnostic 
reagent s ,  resulting in cont inued high morbid ity and morta l i ty among 
populat ions . Some of these diseases are found worldwide , whi le others 
are spec ific to deve lop ing countries . 

• It i s  therefore recommended that means be provided to 
accelerate and expand the capabi l i ty of deve loping country 
ins t itutions to prepare or use monoc lonal ant ibodies as 
diagnos tic reagent s .  Pr ior i ty should be given to developing 
ant ibodies for use in diagnosis  or detect ion of the fo llovina 
diseases or pathogens : 

Bac terial : Hemophi lus , Mycobacterium tuberculos i s , 
Pneumococcus , Streptococcus , !• co l i ,  Salmone l la ,  
Shiae l la ,  Campylobacter jejuni 
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Metazoan : cysticercosis/hydatidos is 
Pro tozoan : ascarias is , ameb iasi s ,  echinococcosis ,  
fi larias is , malaria , schistosomias is , to�op lasmos is 
Vi ral : equine encephalitis , German measle s ,  hepat itis , 
hepat itis  B virus , herpes  It , influenza , rabies . 

Such monoc lonal ant ibod ies should be deve loped in ins t i tut ions that 
need diagnoet ic reagent s .  

Among a l l  the med ically important viruses , hepatitis  B v irus 
(HBV) can be s ingled out as one of  the most important to mankind . In 
many developing countries of  As ia and Africa , this v irus is pre sent in 
up to 60 percent of the populat ion and aay lead to the development of 
viral hepat itis and hepatocel lu lar earc inoaa . Thus control of thi s  
disease is  a goal o f  many develop ing countries . Epidemiological 
s tudies are urgent ly needed to de f ine the distribution of  the viru s .  
Th e  antigenic structures such as HBs • HBa • and HBe • which are 
reported ly related to the infect ion of hepatitis B vi rus , are very 
complex . The presence of these ant igens in human serum is strongly 
linked to HBV infection. 

Through the use of monoc lonal antibody technology , it  wi l l  now be 
poss ible to ident ify these antigenic components c learly.  Furthermore , 
through the j o int e f forts of AID and developing countries , the 
epidemiology of this viral disease is be ing worked ou t ,  and it  may be 
pos s ible to eradicate thi s  disease in the future . The results  o f  such 
an e f fort may a lso have far-reach ing effects  on the occurrence of 
human hepatoce l lular carc inoma , which bas been implicated in HBV 
infection. 

• It i s  there fore recommended that b i&b priori ty be given to 4 
feasibil ity study of the es tabli ehment of two monoc lonal 
ant ibody centers , one in As ia and one in Afric a .  As one o f  
the ir major goals , these centers should seek to produce 
monoclonal ant ibodies aaainst the HBV ant iaens for use in 
study of the epidemiology of HBV infect ion . Once deve lopted,  
these centers should have the capabil ity o f  produc ing 
monoclona l  antibodies to other disease-caus ing organism• and 
should serve as centers for maintenance and dis tribution of  
bybridoma ce l l  linea and diagnos t ic antibody reagents .  The 
centers also should serve as s ites for wet laboratory 
training courses . 

Animal Hea lth 

As for human disease , diagnostic reagents do not exist for many 
animal diseases , or , i f  available , are inadequate for accurate ly 
ident ifying infec tious agents respons ible for disease outbreaks . 
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• I t  i s  recommended that a program involving a netwo rk of 
inst itut ions be deve loped to prepare ant ibodies for use as 
diagnos t ic tes ts and epidemio logical studies . Pr iority 
should be given to making ant ibodies used in the diagnos is or 
detec t ion of the following diseases or pathogens : 

Bac terial : Bruce l la ,  E .  coli ( caus ing neonatal 
diarrhea ) ,  Mycobac teri� �rculos is , Sa lmone lla 
Metazoan : cyst icercosis/hydat idos is , fasciolias is , 
schistosomiasis 
Protozoan : babesiosis ( bovine ) , coccidios is  ( avian , 
ruminant s )  
Ricket tsial : anap lasmosis  (bovine )  
Viral : African swine fever , atrophic rhinitis , 
b luetongue (bovine , caprine , ovine ) , bovine paralytic 
rabie s ,  bovine viral d iarrhea , capr ine arthri tis , 
encephalitis , equine infec t ious anemia , foot-and-mouth 
disease (bovine , swine ) ,  infect ious bovine 
rhinotracheitis , Marek ' s  d isease ( avian) , Newcas t le 
disease (avian) , pleuropneumonia 

• Because few typing reagent s exis t for the development of 
select ive breed ing for increased res istance to disease, it is 
recommended that a ful l  set of monoc lonal ant ibodies be made 
for each functiona l polymorphic , antigenica l ly 
distinguishable gene produc t on white blood cells . Thi s  
inc ludes gene products of the major histocompat ibi l ity gene 
complex , gene produc ts that de fine T and B ce l l  
di fferent iat ion ant igens , and gene produc ts that def ine 
ant igens common to both T and B cel l s .  

This undertaking should center around internat iona l cooperat ion .  
Ac t ivities current ly involving the produc tion o r  use of  such 
ant ibodies to deve lop select ive breed ing programs are under way at the 
fo l l owing universi t ies : University o f  Edinburgh , Scot land ; John 
Curt in School of Med ical Research , Austra l ia ;  and Univers ity of 
Ca l i fornia at Davis , Michigan State University , Univers ity of 
Wiscons in , Washington State University ,  Uni ted States . The 
International Laboratory for Research on Animal Diseases ( ILRAD ) , 
Africa , should deve lop a program in this area . 

Pl ant Hea l th 

High-quality d iagnostic ant isera capable of ident i fying a wide 
variety of viral , bac terial , or fungal pathogens are not current ly 
ava i lable  for many of the plant d iseases that affect the world ' s  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

P r i o r i t i e s  i n  B i o t e c h n o l o g y  R e s e a r c h  f o r  I n t e r n a t i o n a l  D e v e l o p m e n t :   P r o c e e d i n g s  o f  a  W o r k s h o p
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 5 8 1

http://www.nap.edu/catalog.php?record_id=19581


- l lO -

important food and fiber crop s .  Furthermore , the epidemiology of many 
of these agent s has not been invest igated . Fai lure to diagnose these 
pathogens properly in important food crops leads to s igni ficant 
decreases in agricultural product ivity . Many of these diseases are 
found worldwide and result in s ignificant crop losses .  

• It is there fore recommended that aonoclonal ant ibody 
technology be ut i l ized to produce antibodies for use in 
d iagnos tic and epidemiological  studies of  iaportant viral and 
bac terial plant diseases . Pr iorit ies should be given to 
developing ant ibodies to  the fol lowing disease agent s : 

lice : rice dwarf ,  rice grassy stunt , rice ragged s tunt , 
rice tungro 
Maize : maize chlorotic leaf spot , aai ze rough dwarf , 
maize s treak 
Cassava : cassava mosaic virus 
Citrus : c itrus tristeza vi rus , Spiroplasma c i tri , 
Xanthomonas c itri 
Potato : potaeo-viruses M ,  S,  X,  and Y;  potato leaf roll 
Fruit trees : Prunus necrot ic ring spot , app le mosaic , 
prune dwarf , tobacco s treak, tomato ring spot , tobacco 
ring spot viruses . 

Several nat ional and internat ional agricultural research 
institutes could serve as a network to provide trained p lant 
sc ient ists  in i .. unology , p lant pathology , p lant breeding , and 
entomology . Monoc lonal  antibody product ion cente rs could mos t  eas ily 
be estab l i shed in research inst i tutes that have animal or human cell  
cul ture fac i l i t ie s  nearby . Close cooperat ion between plant sc ient ists 
and ve terinary sc ientists  working with monoclonal ant ibodies would be 
advantageous . 

Other Recomaendat ions 

• enc for Internat ional 
Deve lopment or another technical as sistance agency 
e s tab lish internat ional working teams to ascertain the level 
at  which each of the interes ted deve loping countries is 
prepared to use monoc lonal ant ibody technology for d iagnostic 
purpose s .  

It would b e  useful t o  emp loy the "Request  for Proposa l "  ( RFP) 
system commonly used by the National Inst itutes of Hea lth in each of 
the subj ect countries as a means of ident i fying centers with 
appropriate fac i l i t ies and the de sire to exploit this new technology . 
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RFPa would include s ize and scope of the d iagnostic populat ion (human , 
pl ant , or anima l ) , endemic d iseases that migh t  be subject to the 
appl ication of monoclonal antibody techniques , descript ion of the 
fac i l i t ies and the kinds of equipment avai lable , serologic testa  that 
are present ly performed , curriculum vitae of the princ ipal 
inve s t igator emphas izing relevant e�perience as we l l  as those of all  
j unior personne l ,  and final ly ,  a detai led descript ion of the leve l of  
part ic ipation .  Laboratories should part ic ipate in any such program by 
us ing both monoc lona l antibod ies avai lab le from estab l ished commerc ial 
s ources  ( l icensed products ) as we l l  as ant ibodies produced by the ir 
laboratorie s .  AID or another donor would provide for consultative 
s ervices and on-s ite assis tance to laboratories .  

At the ne�t leve l ,  individual centers should be aided , where 
sufficient need and infrastruc ture e�iat , in developing fac i l ities and 
manpower to produce their own diagnostic  antibod ies . Members of the 
working teams might provide consul tative assistance . The principal 
ini t ial need , however ,  is to train personnel in laboratories in either 
deve loped or deve loping countries so that they can "take the 
techno logy home " with them. AID or other donora would support visits  
to  developing countries by  e�perta in this  fie ld to he lp with any 
prob l ema encountered , p lanning , and e�ecut ion once each laboratory 
begins produc ing some s tandard monoc lonal ant ibodies • 

• 

It i s  ant ic ipated that future support of some aspect s  of thie 
techno logy wi l l  be tailored to the needs of each deve loping country . 
These may inc lude ( 1 )  applicat ion of monoclonal technology for the 
isolat ion of appropriate antigens for vaccine deve lopment ( both human 
and animal ) ,  ( 2 ) ant ibodies to detect selective genetic markers to 
as s i s t  in the select ive breed ing of valuab le lives tock,  
( 3 ) therapeut ic ant ibodies for the treatment of  human d isease s in 
endemic populat ions , and (4) app l icat ion of monoc lonal technology to 
d iagnosis  and epidemiology of  plant pathogens . 
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l 

Energy 

INTRODUCTION 

Energy derived from b iomass already contributes s ignif icant ly to 
civi lization. Biomass , in the form of firewood , agricultural 
re s idues , and animal dung , is the princ ipal energy source in many 
countries , and even highly deve loped nations use wood extens ive ly to 
heat homes and generate power . *  Brazil  is lead ing the way in  
deve loping alcoho l fue ls  to supp lement or rep lace gasoline ,  whi le the 
United States , Canada , and other countr ies have more modest alcohol 
fue ls  programs based on various b iomass feedstocks . 

In planning biotechno logy programs , the divers ity of  needs and 
resources among deve loping countries should be recogni zed . Brazi l ' s  
combinat ion o f  land , c l imate , and sc ient ific ta lent i s  not typica l ,  
and , because o f  dif ferences in one or more o f  these areas , many 
deve loping countries wi l l  exp lore other avenues for applying 
biotechnology to the i r  energy prob lems . The more s igni ficant benefits 
of  biotechnology for the energy sys tems of  deve loping countries will 
be longer term--those associated with increased biomass 
produc tion--al though shorter term gains wi l l  arise from biomass  
convers ion .  With the introduc tion of high ly product ive p lant species 
and e f fic ient convers ion technologie s ,  biomass can become a maj or 
source of fue l s  and chemicals , thereby reduc ing dependence on fos sil 
feedstocks . 

Thi s  working group has ident i f ied biotechno logies with 
subs tant ial potent ial for use in deve lop ing count r ies , keep ing in mind 
inst i tut ional constraint s ,  environmental prob lems , and needs for 
trained manpower that may be encountered . Spec i fic recommendations 
have been made both for short-range approaches to exploiting b iomass 
resources and for more complicated techno logies that may reach 

*See Part Three for a separate background paper prepared on this 
subject , "Overview of New Biomass  Industries , "  by Henry R. Bungay. 
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fruit ion more s lowly . All these recommendations emphas ize a 
systema t ic development of  any b iomas s-re lated program , with careful 
economic assessment at each s tep . In addit ion to recent advances in 
biotechnology that may be valuab le to deve loping countries , some 
p ioneer ing research topics have been suggested . 

RECOMMENDATIONS 

Se lec t ing and Ana lyzing the Applicat ions 
of Biotechnology to Energy Produc t ion 

Any se lect ion of biotechnologies for conversion of biomass to 
energy should take into account alternative techno logies ( such as 
thermoconversion proces ses ) ,  the resources and constraints of a 
deve l oping country , a s  we l l  as the pos sible coproduction of food , 
feed , f iber , and other products . A useful strategy , part icularly in 
deve loping countries ,  might emphas i ze proces ses that initially lead to 
saleable product s  on a smal l-scale bas is  but have suffic ient 
flexi b i l i ty to enab le product ion of commodit ies and energy such as 
e thano l at  a later t ime . In the Uni ted States , for example , 
hydrolys is  proces se s  convert l ignoce l lulosics into sugar syrups that 
may be sold d irec t ly or fermented to ethanol and microb ial protein.  
This s t rategy i s  aimed at a rapid introduct ion of  b iomass products 
into the marke tplace . 

• It is  recommended that mode l ing techniques be used to 
evaluate options for biotechnology in deve loping countries . 
Such techniques could inc lude engineering and economic 
analyses and energy material  balances , as we l l  as an ana lysis 
of the macroeconomic aspect s  such as effects  on food 
product ion and food prices and even balance of payments .  
These ana lyses should b e  initiated prior t o  any maj or 
experimental or deve lopmental work and maintained throughout 
the course of a proj ect to update the economic data . 

• It is  recommended that techno logies or proces ses that 
generate mul t iple products from biomass and increase rural 
employment or improve village se lf-suffic iency be 
emphas ized . Processes that yie ld both fue l and food or feed 
should receive priority over those with s ingle outputs . 
Processes that increase rural emp loyment might inc lude 
growing lignin-degrading fungi on wood to provide edible 
mushrooms and a more digest ible cel lulose fract ion that could 
serve as a feed for ruminants . 

• It i s  recommended that s imple, inexpens ive diagnostic  
techniques be developed for moni toring biological 
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convers ion. These might inc lude the use of monoc lonal 
antibodies to identi fy viable organisms in a bioreactor such 
as a biogaa unit or an a lcohol fermenter.  

Improved Uti lization of  Wood 
and Other Lignoc, l luloa ic Materials 

• It is  recommended that the conversion of l ignoce l lulos ic 
biomass into fuels and chemicals be s tudied at the pi lot 
project leve l,  preferablf as a col laborative effort among 
organizations with exper1ence in this area . Special 
attent ion should be given to identi fying the more promi sing 
local lignocel lulosic crops and the economy of the various 
techno logical opt ions , for examp le , biomass denai f icat ion , 
use of bagas se from sugarcane as a sub st rate for cel lulose 
hydro lysis , alternat ives to cos t ly and energy-intensive 
aerobic systems for produc ing enzymes , processes for us ing 
the mixed sugars from hemicel lulose . Al so , more efficient 
use of firewood warrants spec ial attention. 

In the short term , the use of dena i fied biomass should be 
evaluated , along wi th alternative uses of firewood . Pulverized 
b iomass and agricultural was tes such as sawdust and rice hul l s  can be 
compacted into pe l lets or briquettes by heat and pressure . The 
increased combus t ion e ff iciency realizab le with a more uni form product 
more than repays the monetary and ene rgy inve stments in the 
dena ification process , and s torage s tabi l ity and res istance to 
moisture are great ly improved . The capi tal coat of the proce ss ing 
equipment is not unreasonable . 

In the mid-term , the use of bagasse from sugarcane as a substrate 
for ce l lulose hydrolysis  should be emphasized . Such an emphasis  may 
mean improved e thanol fermentation economics and energetics  and the 
avai labi l i ty of a s izab le new source of energy , chemicals , food , feed , 
and f ibrous produc t s .  Because bagasse constitutes a large we ight 
fract ion of sugarcane , the additional fermentable sugar obtained from 
hydro lysis of  bagasse would great ly increase the amount of e thanol 
derived from a crop of cane . Each of the various promis ing 
technologies for hydrolysis  should be tested and evaluated . 

In the longer term, al ternatives to cos t ly ,  energy-intens ive 
aerobic sys tems that are now used for producing cel lulase enzymes 
should be explored . Examp les  inc luded : 

• Deve loping biological pretreatment sys tems or biological 
pulping for l ignocellulos ic biomass by emp loying 
bas id iomycetes or other filamentous fungi 
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• Studying product distribut ion in the anaerobic convers ion of 
whole ce l lulose into organic ac ids 

• Studying the extent of lignin physical modificat ions and 
chemical breakage and the ir re lat ion to anaerobic degradation 

• Studying the ac t ion of the c e l lulaee-hemice l lulaee comp lex of 
anaerobic bacteria . 

Another topic for longer term research migh t  be the processes for 
ut i l i z ing the mixed sugars from hemicel lulose . These sugars are not 
fermented by the normal yeas ts  that produce e thano l ,  but other 
organ i sms can convert xylose and other pentoeee to such produc ts as 
ace tone/butano l or 2 , 3-butaned io l .  Certain yeas ts  (Pachysolen 
tannophilus ) ,  some bac teria ( for examp le , Clostridia) , and new strains 
obt ained by recombinant DNA techniques can ferment pentoeee to 
ethano l .  Another potentia l ly attrac t ive route for pentose ut i lizat ion 
is chemical convers ion to  furfural .  Each o f  these al ternat ive s should 
be evaluated . 

Ut i l i zat ion o f  Po lysaccharide 
(Princ ipal ly Starchy ) Materials 

It  i s  recommended that : 

• Improved b ioreac tor des igns be deve loped for important 
ferment at ion proces ses such as ethanol and fue l gas 
produc t ion--for example,  columns or  systems using immobilized 
microorgani sms and cont inuous feed . The potent ial for 
lowering capital requirements and product ion cos t e  is  
s igni ficant . 

• Advanced separat ion and purificat ion processes be applied to 
biomass  process ing, which could mean increased energy 
e ffic iency over that obtained using tradit ional processes  
such as  distillat ion. App lication of these proces ses cou ld 
also re sult  in reduced energy consumption and increased 
ava i labi lity of by-produc t s  with fue l value such as bagasse . 

• Improved sacchari ficat ion processes be applied to the 
convers ion of s tarch and inul in-rich biomass into ethano l .  
Examples of these processes are : 1 low-temperature 
saccharification ,  ( 2 )  simultaneous saccharificat ion and 
fermentat ion, and ( 3 )  introduction of genes for amy lase 
product ion . Appl icat ion of the se processes could mean more 
economic utilizat ion of cas sava , babaeeu , Jerusalem 
artichoke , and other  po lysaccharide-rich materia ls , and 
near-term avai lability of ethanol in countries with limited 
product ion of sugar crop s .  
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• Environmental control technology for bioproce s s ing of was tes 
be improved, emphas izing processes that coproduce fue l gas, 
organic chemica ls,  and other saleable compounds .  For 
examp le ,  improvements in anaerobic d igest ion of s t i l lage 
could lower capital requirements , reduce pol lut ion problema , 
and generate revenues from sale of coproduct& , as we l l  as 
lower the costs of producing ethanol , microbial prote in ,  and 
other produc ts . 

• Suitable methods for biomass s torage be devised to decrease 
the s ignificant preproce s s ing losses  found in current field 
pract ice for many crops such as cassava . New or improved 
methods could reduce feedstock cost , iaprove proces s ing 
e ff iciency , and minimize t ransportat ion losses of biomas s .  

Microbiological Re search and Development 

From the bio logical point of view, the produc t ion of fue l s  and 
chemicals  from b iomass is s t i l l  in an early stage of deve lopment and 
could profit  from the screening of a large number of s pecies of  
p lants , algae , fung i ,  and bacteria for their potent ial . Any such 
screening e ffort mus t  be global in scope , s ince the organisms o f  
potent ial  interest  are very unlike ly t o  b e  encountered only i n  the 
natural ecosystems of  deve loped countrie s .  

• I t  is  recommended that an international network be 
established to screen potent ial species for fuel and chemical 
product ion, and that a commit tee be e stablished to e l aborate 
a more complete screening inventory as we l l  as a set  o f  
guide l ines for execut ing the screening and proce s sing o f  the 
re sults . Screening should inc lude the fol lowing propert ies : 

Native trees or shrubs that are h ighly produc t ive on 
margina l ,  sal ine , or otherwise impaired soils  
Microorganisms that produce extracellular enzymes h ighly 
insens it ive to temperature and pH variat ions ( ce l lulases , 
amy lase s ,  etc . )  
Plants and microorganisms that produce hydrocarbons or 
s imi lar fatty molecules  in high yie lds 
Marine algae with h igh growth rates for protein 
product ion in seawater lagoons 
Microorganisms that produce nove l insect ic ides and 
pes t icides 
Fermentative microorganisms highly resis tant to 
end-product inhibition. 
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• Because mos t  microbiological processes are s ingle-species 
systems , i t  i s  recommended that mixed culture systems and 
their  interactions be s tud ied : for example , anaerobic 
holoce l lulose hydrolyzers , ac id formers, and methanogens ; 
thermophilic l ignoce l lulosic b iodegraders ; and 
nitrogen-fixing a laal and bac terial sys tems . 

By-produc t s , Coproduct ion , and Diesel Fue l Subst itute s ,  
Inc luding Environmental Contro l Techno logy 

Diese l fue l is increasing ly the pre ferred liquid fue l in 
d eve loping countries . Thus convers ion of biomass  to e thanol and 
methane may not be of primary intere s t .  

• It i s  recommended that a more balanced approach be taken to 
fue l produc t ion, emphas izing the deve lopment of proce s ses for 
the produc t ion of pos s ib le d iesel fue l subs titute s ,  such a s  
alkane s ,  butano l ,  and vegetable oils . Biomass sources for 
d iesel  fue l product ion may inc lude woody biomas s  from which 
turpent ine is recovered , oilseeds from which fue l s  may be 
extrac ted , se lected aquat ic biomas s ,  and oi l-produc ing 
microorganisms . Integral to this emphasis  on by-product 
utilization are e ffect ive means for environmental contro l .  

Product ion of  diesel fue l from biomass may b e  achieved by both 
short-term and longer term deve lopment . For example , in the short 
term,  available vege table oils  cou ld be evaluated for their use as 
tractor fue l ;  longer term deve lopment should be imp lemented to 
i nc rease  yie lds and to produce oil  more suitable as a fuel . 

The use o f  biomass might be more readily accepted i f  adapted to 
immediate needs . Thus , for example , produc tion of vegetable oil  for 
u s e  a s  both a food and d iesel  fue l could be introduced rapid ly . 
S imi larly ,  technique s for increas ing turpent ine yie lds from woody 
b iomass could be implemented immediately .  Mid-term deve lopment s might  
inc lude improvement s in the ace tone/butanol  process with the research 
goal of increased butanol tolerance and an increased rat io of butano l 
t o  acetone . A proj ect  with longe r term deve lopments might be the use 
of high-yield aquatic b iomas s .  

Ins t i tutional Interact ion and Training 

• To s timulate the use of biotechnology for energy produc tion 
in deve loping countries , it is recommended that adequate 
curricula be deve loped for in-country training and that 
overseas degree and nondegree training continue . Training at 
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local energy research and deve lopment fac i lities  with the i r  
human and material resources , both inside and out s ide o f  t he 
univer s i t ie s , should be opt imized . The flow o f  s c ient i f ic 
and technical  information on energy within each deve loping 
country and exchanges with the regional and g loba l research 
and deve lopment system should be freed from impedimenta .  
Fina l ly ,  national and inte rnat iona l interact ion between 
re search ins t itutes undertaking study of energy i a auea should 
be s t imulated . 

Curricula deve lopment for undergraduate tra ining in b iotechnology 
and re lated areas shou ld take into account the importance of such 
f ields aa biochemical engineering , molecular bio logy , microbio logy , 
and biochemi s try without sacri fic ing traditional areas of impor tance 
such a a  plant taxonomy and ecology . 

Graduate training in biotechno logy and re lated areas at the 
masters and doc torate leve ls  should be j o int efforts of  univers i t ies , 
research inst itutes , and industry . Some internat ional funds should 
support the part ic ipat ion in such programs of v i s i t ing teachers from 
both deve loped and deve loping countri e s .  

Intens ive advanced t raining courses in areas o f  biotechno logy o f  
particular re levance to  energy research and development i n  a given 
country or region should be o ffered on a regional or internat ional 
basi s  with the part ic ipat ion of visit ing spec ialis ts . 

Interac t ions between univers i ty departments  and research 
ins t itutes dedicated to energy research and deve lopment in 
b iotechno logical areas on the nat iona l ,  regiona l ,  and international  
leve l s  should be s t imulated . The se interactions may t ake many forma 
such aa : 

• Jo int research projects  run by research and deve lopment 
ins t itutions in different deve loping countries and pertaining 
to a geographical region, accompanied by periodi c  review 
mee t ings , workshops , and the l ike 

• Long-term b ilateral collaboration in teaching and research 
between an inst itution in a deve loped country and one in a 
deve loping country 

• Ac t ive part ic ipation o f  deve loping country ins t i tutions in 
international networks for study of speci f ic prob lema in 
b io techno logical research and deve lopment 

• Linkage of inst i tut ions in deve lop ing c ountries to data bank 
sys tems and computerized , sate l l ite-mediated systems for 
informat ion exchange 

• Exchange of sc ientists  and engineers among research 
inst itutions working in the s ame f ie ld and related programs .  
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Biological Nitrogen Fixation 

Ni trogen is  frequently the limit ing nutrient in agricultural 
productivity . Although 78 percent of the earth ' s  atmosphere is 
composed of nitrogen gas ( N2 ) ,  p lants are unable to use it in this 
fonn .  The nitrogen mus t  first be "fixed , "  that is , combined with 
o ther e lements such as  hydrogen,  carbon , or oxygen before it can be 
a s s imilated by higher plants . *  

The abi l ity to f ix gaseous nitrogen is  restricted to certain 
prokaryote& (cyanobacteria , actinomyce te& , bacteria ) that contain the 
enzyme nitrogenase . Wh i le a number of these organisms fix atmospheric 
nitrogen in the free-living stat e ,  some form symbiotic associat ions 
with higher plant s .  Examples of the latter inc lude the 
legume-Rhizobium, nonlegume-act inorhiza (Alnus , Casuarina ) ,  and 
nonlegume-cyanobacteria (Azolla)  symbioses:--ln the symbiotic 
association , the p lant prov1des both a spec ialized environment for the 
prokaryote and a source of energy and receives fixed nitrogen in 
return. The legume-Rhi zobium symbioses inc lude soybean and alfa l fa 
and are of unques t ioned agricul tural importance . The Azolla-Anabaena 
symb ioses have documented potential as an alternative � of 
nitrogen for rice . Nonlegume-act inorhiza assoc iat ions , such as 
Casuarina , offer potent ial for the product ion of lumber , fuel , and 
paper pu lp . 

*See Part Three for a separate background paper prepared on this 
subj ec t ,  "Research to Enhance Biological Nitrogen Fixation : Misp laced 
Emphas i s ? "  by Martin Alexander .  Although the author was a member o f  
the working group , the opinions expres sed i n  his paper were not 
evaluated by the group and should not be interpreted as part of their 
del iberations . 
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ORGANISMIC ASPECTS 
OF B IOLOGICAL NITROGEN F IXATION ( BNF ) 

Legume s and Rhizobia 

Since only a re lative ly smal l  percentage of the world ' s known 
legume s has been conside red serious ly as crop p lants , it is important 
to seek those that are useful both as food crops and a s  a source o f  
raw materials . Even though a legume migh t  be unacceptab le as a food , 
i t  may contain cons t ituent s that could be used as i s  or mod i f ied t o  
produc t s  of  high va lue such a s  drugs . The soybean i s  an excel lent 
example of  a crop that has in recent decades risen rapidly to 
prominence in the world ' s agricultural economy . Its  success  i s  ba sed 
not only on i t s  d irec t  use as an o i l  and protein food for humans , but 
a l so on its secondary uses such as a h igh-protein anima l feed . A 
mul t i-use crop has great advantage s and should be cons idered in  
se lect ing unexploited legumes as possible new crop s .  

A number of  legumes current ly cult ivated may have potent ial for 
expanded use , result ing in increased produc t ion of food or raw 
materials for other use s .  The se p lants inc lude : soybean , winged 
bean , common bean , chickpea , c owpea , green gram, black gram, p igeon 
pea , mung bean, lent i l , pea , broad bean, l ima bean, Sesbania , Acac ia , 
and some of the Medic ago spp .  (burr and barre l medic annua ls , -----
alfalfa ) , In add i t ion, a number o f  forage legumes such as De smodium 
and Centrosema can be useful . Spe c ial  products such a s  guar gum and 
gum arabic from legumes may have add i t ional use s .  

Tree legume s  that fix nitrogen such a s  Leucaena should . be 
examined in detail  and a search made for additional use ful t rees  o f  
thi s  type . Study o f  this  group of plants has lagged because they have 
been o f  l it t l e  economic importance . They can, however,  be used 
profitab ly in certain regions . Although l i s t s  have been made of 
potentially useful legume s ,  i t  would be helpful to reexamine the s e  and 
to set priorit ies for test ing them in particular areas . 

Plant Breed ing and Gene t ic Engineering. Select ion o f  legume s  
should b e  based o n  how we l l  they adapt t o  loca l  condit ions . S i nce 
many factors are involved--for example , temperature , s a l inity , minera l 
stresses , pH--c lassical plant breed ing approaches may be augmented 
eventual ly by modern gene t ic too l s .  For example , delay of senescence 
could al low a longer period for nitrogen f ixat ion . Wh i le this might 
be ach ieved by the use of p l ant growth substances , a more useful 
solution would be to change the gene t ic nature of the plant by 
breed ing for the des ired t raits . This  is now being tes ted in 
soybeans , and pre l iminary results  s ugges t  that such p lants may have 
equivalent seed yield , with add it ional nitrogen and organic mat ter  in 
the leave s for recyc l ing as residues to the s o i l .  Thi s  is 
part icularly use ful in areas where a crop of soybeans is followed 
immed iate ly by a plant ing of winter cereal . 
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Al though c lassical  techniques could be app l ied more effective ly 
to the l eguminous nitrogen-fixing sys tems than they now are , new 
approache s ,  inc luding recombinant DNA, should not be neg lected . Since 
nitrogen f ixat ion in nodulated legume s is not cons is tent ly good , 
strains of Rhizobium shou ld be se lected or engineered to g ive maximal 
re sponse under field condit ions . 

Problems related to hos t  p lant spec ific ity and strain variat ion 
have been recognized for half  a century . The d i f fe rences between 
e ffec t ive and ine ffect ive s trains are of ten qui te subt le , and the 
factors respons ible for this need c lari fication .  Biotechnology and 
gene t ic manipulat ion wi l l  undoubted ly p lay a maj or role in unrave l ing 
the bas i s  of the se di fference s .  

Re c ent s tudies have shown very promis ing potent ial for the 
trans fer of des irab le characteris t ics  by way of plasmids . A number of 
symbiotic  propert ies can be t ransferred on p lasmid& among Rh izobium 
leguminosarum stra ins , resu lt ing in dramatic  improvements in their 
charac t er i s t ics . However , a present drawback is  a lack  of  markers for 
effec t ivene ss  and e f f ic iency of  nitrogen f ixation. Although there are 
wel l-contro l led tests  ind icating a pos i t ive corre lat ion be tween act ive 
nitrogen f ixat ion and the posses s i on of an uptake hydrogenase (hup) , 
hup+ and hup- s trains are scat tered over the entire s pec trum o f  
effe c t iveness  i n  Rhizob ium .  I n  the absence of any pos i t ive 
corre l a t ion between rhizobia in the free-l iving s tate and the ir 
effect ivene s s  in associat ion with a legume , the only c lear-cut means 
of determining e f fect iveness  is test ing them under contro l led 
cond i t ions in the greenhouse and t hen in the fie ld . Howe ver , the 
demons trat ion that a part icular s train o f  rh izobia i s  e ffec t ive in the 
greenhou s e  doe s not mean that this wi l l  a l s o  be the case under f i e ld 
cond i t ions . 

P l a smid technology also  might be used to introduce o ther quite 
different des irab le propert ies s uch as the ab i l i ty to produce 
ant ib i o t ics  capab le of  control l ing organisms norma l ly detr imental to 
the n i trogen-fixing organism and thus promot ing Rhizobium growt h by 
making it more competit ive in the rhizosphere . It i s  also  pos s ible 
that p lasmid technology may provide a means of establishing des irable 
nitrogen-f ixing charac teris t i c s  in other soil  microorganisms , 

Al though the news media often sugge st that gene t i c  engineers are 
on the verge o f  t rans ferring nitrogen-fixing (ni f )  genes to 
nonlegumes , this goa l w i l l  probab ly not be achieved in the immed iate 
future . Trans fer of these genes to c losely associated organisms i s  
not p a r t icularly difficu lt--they were trans fe rred t o  E .  c o l i  some 
years a go to produce a func tional nitrogen-fixing system:--However ,  
while  the se gene s have been trans ferred into yeast , they were not 
func t iona l ( that i s ,  expres sed ) ,  Al though the t ransfer of nif  genes 
into c orn may be somewhat more di fficu l t  than into yea s t ,  t�t rans fer 
i t s e l f  s hould be achievable . 
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As with yeast , trans fer of the nif  genes w i l l  probab ly be t he 
easiest part of the proce s s .  Engineering the capab i l i t ies for the 
sys tem to operate under low partial  pre ssures of  oxygen , to provide 
the energy needed for nitrogen f ixat ion ,  and to integrate i t  general l y  
into the system i n  a way that the gene s wi l l  b e  expressed wi l l  l ike ly  
be more d i fficult . Because o f  these d i f f icult ies , the t rans fer  o f  
nitrogen-fixing genes--a high-risk,  long-range project --should not be 
c ons idered a primary goal of  developing countries at this t ime . 
However , i t  i s  important that work continue toward thia goal . 

Soi l  Amendment s .  Proper p lant growth is  bas ic t o  the 
exploitat ion o f  any plant-bac terial symbio ses . In some cases , the use 
o f  proper soil amendments has a l l owed legumes to thrive on soi l s  tha t , 
in thei r  nat ive state , were poor ly adapted to the growth of legumes . 
No t able examples are in Brazi l  and Indone s i a ,  where adequate 
appl icat ions of l ime and phosphate to the soi l s  resulted in a 
condit ion that supported excel lent yie lds o f  soybeans . The 
mob i l i zat ion of phosphorus i s  often enhanced by the presence of the 
proper mycorrhizae in the soi l .  Ve aicular-arbuscular mycorrhizae 
appear to enhance phosphorus uptake in nitrogen-fixing plant s .  
Al though s o i l  amendment s c an often cure deficiencies , i t  may b e  more 
advantageous in s ome ins tances to select or tai lor p lants to the soi l 
type or c l imatic condit ions . 

Quest ions cont inue to be rai sed about the usefulnes s of supplying 
fert i lizer nitrogen to  leguminous p lants . In the maj or soybean 
produc t ion areas of the United States , for examp le ,  that prac t ice is  
not  recommended . In some areas of leas  productive soi l s  where the 
plants are under s tress in ear ly growth , the addit ion of sma l l  amount s 
o f  nitrogen to soybean p lants may be useful . However ,  this pract ice 
should be examined c are ful ly in a l l  areas to prevent the addi t ion of 
cost ly nitrogen fert i lizers where they wi l l  yie ld no ne t economic gain 
for the farme r .  Careful control of  t h i s  factor could lead to a 
subs tant ial  reduc t ion in the use of nitrogen fertil izer worldwide . 
Some o f  the o ther commonly us.ed legumes f ix l i t t le nitrogen and mus t  
be supp l ied high leve ls o f  comb ined nitrogen to assure a n  adequate 
crop . Re cent plant gene t ic s tudies with Phaseolua ( beans ) produced 
genotypes that obtain an increased fraction of their  nitrogen from the 
a tmosphere . Simi lar improvements in other crops are ent ire ly feasi b l e . 

Effect ive Rhizob ium Inoculanta . These are a crit ical requi rement 
for the succes s fu l  growth of  legume s .  I t  i s  important to produce 
legume inoculants local l y ,  and this shou ld be possible in deve loping 
countries . Their import at ion in moa t  cases should be d i s couraged 
because the organisms may not be we l l  adapted to the environment . If 
organisms are se lected for condit ions peculiar to a part icular area 
and inoculants are prepared with proper qual ity control by responsib l e  
companies ,  the chances for acceptance and e ffec t ive u s e  are much 
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iaproved .  Modificat ion of the c lassical techno logy for growing the 
organisms may s imp l i fy produc t ion o f  inocu lant& in iso lated areas : 
rather than us ing a high ly concentrated broth of the inoculant for 
aixing w i th pre s ter i l i zed peat , the usual inoculant carrie r ,  the broth 
can be d i luted before addi t ion. Us ing this technology , smal l  
aanufac turing plants should be ab le t o  cope with large-scale 
produc t ion of inoculant& .  Although there i a  some quest ion about the 
avai lab i l i ty o f  peat in some deve loping countr ies , i t  i a  bel ieved that 
it can b e  obtained in moat countries . It  can be s ter i l i zed in 
polypropylene bags by autoc laving , fol lowed by introduct ion of the 
organisms . 

In the same ve in,  other sources  o f  nutr ients for the growth of  
rhizobi a  should be exp lored . Sucrose has been used trad i t iona l l y ,  but 
some che aper sources  of energy may be substituted . Even more cos t ly 
is the yeast extract that i a  usua l ly furnished aa a source of nit rogen 
and growth substance for the rhizobia . Perhaps a cheaper nutrient , 
such aa corn s teep liquor , could be subst ituted without reduc ing the 
growth rate o f  the organisms . 

Al though some advocate s ingle s t ra in cultures of the bacteria in 
the inoculant , the use of  mixed cultures to ensure effective 
inoculat ion over a broader spectrum o f  cult ivara s t i l l  seems 
preferred . Moreove r ,  while  preinoculated s eed have se ldom proven 
succes sful  in the pas t , s tudies of inoculum survival on the seed coat 
should continue aa preinoculated seed are a convenient vehicle for 
distri but ing root nodule bacteria . Re search should also  cont inue on 
other methods of inoculation. 

Rh izobium inoculant& are often subj ect to various a treaaea both 
prior t o  p lant ing and in the field . Often in the t ropics , exposure of 
the inoculum to high temperatures in s torage results  in inac t ivat ion. 
A sugges ted solut ion to this pro blem ia  use of a temperature-sens it ive 
color spot on the bag of inoculant that changes color if the bag i a  
exposed to a h igh temperature . In advis ing the customer of the 
inoculant ' s cond i t ion, such a device could mot ivate d i s tributors to 
treat cu l tures with care . It  ia , howeve r ,  also de sirable to seek 
strains that tolerate higher temperatures without sacrific ing 
nitrogen-fixing e f fec t ivene s s .  Gene t ic s e lect ion and othe r  techniques 
could be appl ied to this problem. 

Tbe association between the leguminous p lant and Rhizobium mus t  
be fit ted t o  the fie ld s ituat ion. The demonstrat ion that a particular 
strain o f  rhizob ia i a  e f fect ive in the greenhouse does not necessari ly 
mean that it wi l l perform in the same manner in the fie ld where it may 
be subjected to a variety o f  s tresses  and may compete d irec t ly wi th 
ind igenous stra ins of  rhizobia for nodulat ion of the legume in 
quest ion . Rhizobia mus t be se lected or engineered to mee t  the 
existing f ie ld cond i t ions . 

There i a  current ly much emphas is on deve loping rhizobia that 
with s tand a variety of a treaaea before and dur ing the infec t ion ,  
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inc lud ing d rying , temperature , pH , predation ,  sal inity , and 
competit ion with other organisms . For the immediate future , i t  i s  
more expedient t o  select for res i s tance t o  mu l t iple stre s ses  by 
screening local  hardy stra ins than by us ing modern gene t i c  method s t o  
introduce res i stanc e .  Exist ing recombinant DNA technology may , 
however ,  play an import ant role in improving the nitrogen-fixing 
capab i l i ty of s trains tolerant to spec ific  s t res ses . In this  reg ard , 
i t  i s  important to keep in mind that the e f fect iveness  o f  the 
nitrogen-fixing symbio s i s  mus t  be maintained ; there is  no point i n  
having a s tre ss-re s i s tant Rhizobium i f  it  cannot e f fect ive ly nodu l a te 
the host plant and fix a tmospheric nit rogen. Recombinant DNA and 
assoc iated techno logies  may also  provide appreciab le ins ight into the 
molecular bas i s  for s tress res i stance by compar ing rhizobia that are 
re sis tant to a specific s tress or stresses with those that are no t .  
In the more distant future , modern methods of molecular gene t ics may 
we l l  be d irect ly appl icable to the introduc tion of mul t iple chara c ters 
respons ible for s tress tolerance in Rhi zobium. 

It may be expect ing too much to achieve d ramat ic increases in 
rates of nitrogen fixat ion by eithe r  se lect ion or construc t ion of 
e li te rhizobia.  Increases in the range of  5-15 percent are , howeve r ,  
certainly pos s ible and could be o f  great importance i f  achieved f or 
widely grown crops such as soybeans . 

Because compet i t ion among bac terial s trains in the soi l i s  an 
overriding problem in soybeans and certain other legume s ,  i t  has been 
sugges ted that serious cons ideration be given to deve loping bacteria  
that do not  pers ist  in the soi l .  Al though pers i s tence means that 
inoculat ion i s  not needed each year , it  may at t imes be unde s i rable 
i f ,  for example , the bene f i t s  o f  superior s t ra ins produced by gene t i c  
me thod s are not real i zed because inocula from previous years prevent 
the ir e ffec t ive use . Under such condit ions , a method of destroying 
indigenous rhi zobia by activat ing preex i s t ing gene t ic les i ons may be 
desirable . Al ternative ly , using stra ins that die  each year should be  
cons idered . These techniques could prevent trans ferring a recognized 
problem in  deve loped countries to new legume-produc ing areas . 

Agronomic Prac t ice s .  Approaches to optimi zing agricul tural  
produc t ivity are influenced by economic fac tors . The advent of  
high-yielding crops adapted to intens ive fertilizat ion has  d iminished 
the agronomic prac t ice of  intercropping . With the ris ing cos t s  of 
nitrogenous fert i lizer , it may be des i rab le to reexamine the potential 
o f  intercropping between legumes and nonlegumes . It  may also be 
desirab le to expand utilization of mul t ip le cropping systems and to  
introduce an add i t ional , rapidly growing crop in period s be tween crops.  
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Rice 

Sources o f  nitrogen for lowland r ice and other flooded crops 
inc lude the Azol la-Anabaena as sociat ions , free-living cyanobacteria 
(b lue-green algae) , and loose assoc iations with free- living , 
nitrogen-fixing organisms . 

Azo l la-Anabaena azol lae As sociat ions . Azolla  i s  a genus of sma l l  
freshwater floating ferns whose members contain the nitrogen-fixing 
cyanobac teria , Anabaena azol lae , as a symbiont in their  dorsal leaf 
lobe s .  These assoc iations can provide nitrogen for a r ice crop , and 
because mi l l ions o f  people depend upon rice as the ir primary food , the 
use o f  Azo l l a  as an alternative source of nit rogen for rice warrants 
attent ion. Moreove r ,  it appears that Azo l la may add other des irab le 
materials  to a rice crop . 

------

The Azo l la-Anabaena azol lae assoc iat ion i s  a h igh ly productive 
and nove l symbios i s .  Those species or stra ins mos t  effic ient in the 
use o f  phosphorus , tolerant o f  extremes in temperature , and res i stant 
to pes t s  should be se lected through screening procedures . Maxima l 
manipulat ion and bene f i t s  o f  the assoc iat ion wi l l  be obtained through 
contro l of sporulat ion. Spores should prove useful for breeding 
pro grams as a means of preserving germ p lasm , and work has s tarted on 
the i r  potent ial  use in inoculation. 

Paddy fie lds  are present ly inoculated with a few hundred 
ki l og rams to seve ral tons of wet Azo l la per hectare , and se lec ted 
s trains  capab le o f  more rapid mul t ip l icat ion would decrease the se 
amount s .  If  sporulation can be control led at wi ll , spores could be 
used d irectly as inoculum, or as a means of producing vegetat ive 
ma te r i a l  for inoculum. 

The search mus t cont inue for strains o f  Azo l la that withs tand 
high and low temperatures , and add it ional  research is required on the 
e f fec t s  of herbic ides and herbic ide res idues on Azo l la growth , as we l l  
a s  d i s ease  res i stance , part icularly t o  fungal d is;a;;;. Four o f  the 
s ix known Azol l a  spec ies thrive over a rather wide pH range o f  from 
4 t o  9 .  ---

There i s  some evidence that Azo l l a  s trains vary in the i r  demand 
for phosphate , and improvement wi l l  be possible in this area . In 
add i t i on , Azo l l a  can be pre loaded with suffic ient phosphate to carry 
i t  through-severa l  generations . Slow-re lease forms of phosphate , 
perhaps from f loat ing forms of fert i l izer , should be considered . As 
the Azol la-Anabaena azol lae decomposes , it re leases the fert i l i zer  
tha t  i t  has  a s s imi lated , and thus both nitrogen and phosphorus and 
perh a p s potass ium become available to the rice . 

Al though the genetic d iversity of Azo l la i s  just  beginning to be 
demons t rated , one can select from exist ing st rains , and the future may 
see the deve lopment o f  new varieties or hybrids that wi l l  be 
part i c u larly ac t ive in spec i f ic environment s .  S imp le methods for 
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preservation of germ plasm and maintenance of the sporophyte ( asexual 
reproduc t ive cyc le)  should be deve loped so that the farmer c an carry 
inoculum over from one year to the next with minimal los s .  

Th e  applicat ion o f  Azolla  i s  not prac t ical i n  the cul ture o f  
deep-water rice , which cons t itutes about 3 0  percent of the rice 
produc t ion in Thailand and Bangladesh . However ,  the Azo l la system has 
d i s t inc t advantage s over othe r  sys tems in that it is ava i lable and 
manageable . Further ,  the heterocyst frequency and nitrogen-fixing 
capabil i ty of the Azo l la endophyte are greater than those in 
free-l iving cyanobac ter i a ,  and nitrogen f ixat ion in Azolla  i s  not 
marked ly suppres sed by combined nitrogen in the aqueous-envi ronment . 
The extreme ly high leve ls  o f  nitrogen f ixat ion--severa l hundred 
kilograms (kg) of nitrogen pe r  hec t are per year--reported for Azo lla 
are based on mul t iple growth cyc les o f  the association over an ent ire 
year and are not pert inent to norma l cultural prac t ice . More 
rea l i s t ic expectations might be 50-7 5 kg of nitrogen per hectare per 
crop , wh ich could be achieved with an ac t ive growth period of about 
6 weeks . 

Free-Living Cyanobacteria . Al though cyanobac teria norma l ly 
exhibi t a high capac i ty for nitrogen fixation when tes ted unde r ideal 
condit ions , they often f ix l i t t le nitrogen under field conditions . 
Obvious ly , a number of charac teristics  of the organisms as we l l  as 
ecological factors may l imit f ixation, but proper select ion and 
gene t i c  mod if icat ion of cyanobacteria may improve the i r  performance 
and re sul t  in inocula o f  cons is tent qual ity . Although rice has been 
grown for centuries without appreciable fer t i lizat ion , rice culture is 
usua l ly l imited to one crop a year , and yie lds under these cond i t ions 
have been qu ite low.  Experiments at the Internat ional Rice Research 
Ins t itute ( IRRI ) have demons trated f ixat ion by cyanobac teria o f  
30-50 k g  o f  nitrogen pe r  hec tare pe r  year , but t h i s  yield is  erratic 
and inadequate to support high produc t ion o f  r ice . Many variables , 
inc luding predation ,  need s tudy and control be fore cyanobacteria that 
f ix high leve ls  of nitrogen in the laboratory wi l l  bene fit  rice by 
providing significant ly high leve ls  of combined nitrogen unde r field 
c ond i t ions . 

He terotrophic Organisms . Al though associat ive f ixat ion in r ice 
may make some contribut ion to yields , it is e s t imated to be 
subs tant ial ly less  than that made by cyanobacteria and the Az o l la 
association. Fixation has general ly been reported in the range of  
3-7 kg  of  ni trogen per  hec tare per  year . Because variat ions in 
fixat ion may depend upon the varie t ies of r ice use d ,  the lat ter should 
be scre ened care ful ly to ident ify those that es tabl ish the best 
associat ion wi th bacteria.  There is some difficul ty in d i s t i ngu ishing 
the f ixed nitrogen contributed by cyanobac teria , Azospir i l lum s pp . , 
c los tridia , and other organisms that fix nitrogen under condit ions 
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suitable for r ice culture . S tudies of paddy varieties may be the moa t  
product ive approach to improving associat ive fixations . 

Re lated to thi s ,  the exact changes that occur during the process 
of pudd l ing rice fie lds  are not we l l  defined . Weed s are p lowed under , 
and after they have unde rgone extens ive decompos it ion ,  the rice i s  
planted a t  a t ime j udged empirically suitable b y  the vigor o f  
generat ion o f  gas from p lant res idues . These proce sses need to be 
better d e f ined . 

Grass Assoc iations 

Many grasses grown under nonaquatic conditions may s t imulate 
limited biologica l nitrogen fixation in their root zones by provid ing 
carbon c ompounds to heterotrophic , nitrogen-fixing bac teria . Such 
assoc iat ive ni trogen fixation--charac ter i s t ic a l ly stud ied as an 
assoc iat i on between grasses and Azoapi r i l lum app . --contributea 
cons idera b ly leas nitrogen than does fixat ion by leguminous p lants and 
Rhizobium. Although of leas  importance quant itatively , the system 
warrant s further inve s t igation because of ita  potent ial contr ibut ion 
to cere a l s  that const i tute the food base for a large percentage of the 
world ' s populat ion . A wide variety of organisms shou ld be isolated 
and tes ted agains t many cerea l cult ivara to find a h igh ly e f fect ive 
assoc iat ion between the two agents .  The grass or the bac teria may 
need genetic  mod i ficat ion to improve the as soc iation . Deve lopment o f  
a good a s soc iat ive fixat ion for wheat , corn , and rice could have a 
aajor impac t on food produc tion for human consumpt ion . 

Certain salt-tolerant grasses grow for long period s  under 
difficul t  soil  condit ions with the add it ion of virtua l ly no 
fert i li z e r .  Por example , with adequate water Diplachne fua ca (Ko l lar 
grass ) grows at least  8 months of the year in Pakistan and furnishes 
adequate forage for cat t l e .  The sources of fixed nit rogen appear to 
be an a lgal mat that deve lops on the soi l surface and free-l iving 
organi.ma that deve lop be low the soil  surface and contribute 
addit ional nitrogen . Produc t ivity may be as  high as 80 tons of  green 
matter per hec tare per year . The grass in associat ion with 
cyanobac teria and assoc iat ive fixers can be the base of  a pro f i tab le 
agric u ltural operat ion . 

Ac t inorhizal As soc iat ions 

Ma ny fami lies of nonleguminoua p lants form nitrogen-fixing 
symbioses wi th ac t inomycete& of the genua Prankia . Woody spec ies 
forming such act inorhizal associat ions may offer agr icultura l and 
fores t  husbandry opportunities analogous to those proj ected for woody 
legumes nodulated by Rhi zobium. 
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The ni trogen-fixing nonlegume Purshia tridentata already provides 
forage over large areas o f  range land , and other genera are harvested 
for wood . Casuarina , for example , grows at a suffic ient ly rapid rate 
in Thailand that it  can be harves ted for construc tion lumber within 
5 years of  planting . Trimmings from these trees are used for fue l , 
and the trees themse lves may be a potent ial source o f  paper pulp , 
a lthough thi s  use has not been tested . Casuarina is a vigorous 
nitrogen f ixer and is we l l  nodulated in areas where the p l ant has 
exis ted for some t ime . When it  is introduced into new areas , 
nodulat ion i s  poor . To date , the act inomycete that produces nodul e s  
h a s  not been isolated in pure culture . At tempts shou ld cont inue t o  
i solate the endosymbiont so that it  can be used as a n  inoculant . 
Casuarina i s  quite to lerant to salt  and to water stress , but as there 
appears to be cons iderable variat ion in tolerance , s trains of the 
trees should be selec ted for des i rable propertie s .  

RECOMMENDED RESEARCH ON B IOLOGICAL NITROGEN FIXATION 

Based on a d i scuss ion of various research opportunities  in 
biological nitrogen fixat ion ,  this working group ident i f ied a number 
of  goa ls  as warrant ing support by the u . s .  Agency for Internat iona l  
Deve lopment ( AID ) and other donors . Recommended areas f o r  priority 
are l i s ted below ;  other programs not ass igned priority are cove red in 
thi s  report . Indicated in parenthe s i s  i s  an e s t imated t ime scale for 
a we l l -organized research e ffort to achieve s ignificant re su l t s  • 

• 

Work on Azo l la could be carried out most e f fec tive ly at 
internationa l and deve loping country nat ional rese arch ins t itutions , 
supp lemented by s tudies located at laboratories in the Uni ted States .  
Work on  s t ress-tolerant s trains of Rhizobium and select ion of legumes 
would best be conduc ted at local  and national laboratories wi thin 
specific  countries ,  with field s tudies at the local leve l .  
Deve lopment o f  the charac teri s t ics  that provide nonpersistent rhizobia 
should be carried out at estab l ished laborator ies we l l  acquainted with 
modern genetic  manipulat ions , which may again involve laboratories in 
the United State s .  
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• It i s  recommended that AID and other donors also  recognize 
the import ance of research direc ted toward the following 
goa l s : 

Deve lopment of the trait in legume s that a l l ows them to  
use  f ixed nitro  en s imultaneous ! with  soi l nitro en 

t ime scale for product ive re search : 10-20 years ) 
Deve lopment of improved t echnology for produc t ion and use 
of legume inoculant s ( 3-5 years ) 
Deve lopment of fast-growing, nitrogen-fixing trees ( 10+ 
years ) 
Evaluation o f  gras s  species and as soc iated bac teria for 
their  abi l i ty to promote nitrogen f ixat ion and 
accumulat ion of dry mat ter ( 10-15 years ) .  

Studies of  legumes that use fixed nitrogen and soil  nitrogen 
s imul taneous ly c an be performed at nat ional laboratorie s in deve loping 
count ries . As the work wi l l  in a l l  l ike l ihood involve the use of 
15N a s  a tracer , i t  may be necessary to send samp les for analysis to 
the United States or e lsewhere . Work on deve lopment of the technology 
needed to produce inocula cou ld also  be done at se lec ted nat ional 
laboratorie s .  It would also be de s i rab le to cont inue the innovat ive 
and d eve lopmental  programs of the Proj ec t for Ni trogen Fixation by 
Tropi c a l  Agricultural  Legumes ( NifTAL ) at the University of Hawai i  and 
o f  o ther comparab le ins t itut ions . Stud ies  on fast-growing trees can 
be made a t  nat iona l laboratories , especia l ly those inte res ted in 
fore s t  techno logy . The Internat iona l Center for Re search on 
Agr o fore s try may be a part icularly good coord inator for such work. 
Fi na l ly ,  invest igat ions deal ing with nitrogen f ixat ion by organisms 
a s s o c iated with gras ses may be done mo st  e ffective ly at internat ional 
l aboratories such as the Internat ional  Center for Research in the 
Sem i -Arid Tropics  ( ICRISAT )  or in other  ins t i tut ions where the 
nec e s sa ry sc ient ists  are availab l e .  

PERSONNEL DEVELOPMENT 

It is general ly accepted that any successful program to deve lop 
b i o l ogical  ni trogen fixat ion wor ldwide requi res a greater emphas i s  on 
training o f  personne l .  Two approache s to t ra ining are usua l ly taken.  
F i rs t ,  short-term training programs of a week or so are used in  a 
numbe r  of c ountries to inform invest igators in the country and to 
pre s e nt technique s that can be mas tered in a re lative ly short t ime . 
Such programs have f i l led an important niche . The second approach i s  
longer term training i n  ac tive re se arch centers such as doctoral and 
pos tdoc toral t raining in univers i t ies  and research ins t i tut ions ; an 
i nves tment in ei ther form of t ra ining by AID would be fu l ly j ust ified.  

... 
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Succe s s ful  short-term re freshe r  courses have been he ld in Braz i l  
and Africa a t the Microb io logical Resource Centers (MIRCENs ) .  One 
program funded by the Bri tish has supported a senior inve s t igator from 
Eng land in Indonesia  for 4 years , whi le at the same time support ing 
the training in Engl and of 10 people from Indone s ia ,  who returned to 
the ir country to  continue their  research.  A s imi lar p lan i s  under way 
to train 100 young people from Pakis tan in agriculture . Difficulty 
experienced in p lacing individuals  abroad might  be a l leviated by 
partic ipat ion of an international organi zat ion such as the Food and 
Agri cul ture Organizat ion ( FAO) of the Uni ted Nat ions . Al l programs , 
in al l countrie s ,  of course , are suffering from the rapid ly increasing 
cost o f  educat ion. 

The ins titut ional arrangement s for training invest igators in 
biological ni trogen fixation are apparently  inadequate . Efforts by 
Ni fTAL and o ther groups to furnish short courses have succes s fu l ly 
extended Rhizobium technology to some areas . However ,  t o  establish a 
sustained program in a country , i t  i s  important that ind ividuals  be 
sent to centers of  ac tivity in nitrogen f ixat ion where they wi l l  have 
an opport unity to s tudy in depth before returning to the i r  own 
count ry . It would a l so be use ful to send senior inve s tigators abroad 
to a id in interpre t ing local prob lems and suggest ing pos s ible 
so lutions . Tra ining de serves h igh pr iority in any program. 

A s ubs tant ial percentage of ava ilable funds would be we l l  spent 
on training programs that extend ove r  a number of years and 
concentrate on problems that occur in deve loping countrie s .  
Deve lopment of  bilateral linkages wi l l  prove particularly use fu l for 
tra ining sc ient ists  from deve loping countries and wi l l  confer a 
measure of cont inui ty on research programs . 

Disseminat ion of information in spec ialized areas i s  important 
for s t imu lating and maintaining personne l deve lopment . The Rhizobium 
news letter that originated in Australia  has been terminated , and its  
loss  severs a l ink among nitrogen-fixing researchers in a l arge number 
of  deve loping countrie s .  Consequent ly , there is a n  urgent need t o  
explore other means of maintaining and broadening communications among 
workers on bio logical nitrogen fixat ion. 
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Plant Cell and Tissue Culture 

INTRODUCTION 

Duri ng the pas t decade , the public imaginat ion has been fired by 
advanc e s  in plant ce l l  biology and molecular genetic s . *  Indeed , 
knowledge o f  genet ical ly eng ineered p lant c e l l s  l ike the "poma to" and 
the "sunbe an" has leaked out of the laboratory . The se and other  
import ant ach ievement s  in p lant ce l l  and molecular bio logy come at a 
time when the wor ld urgent ly needs to find ecological ly sound , 
energy-e f ficient ways of substantial ly increasing the produc t ivity o f  
agricu l tural and fores t  lands whi le bringing marginal land into 
produc t ion to meet  growing wor ldwide demand s for food , feed , fue l , and 
fibe r .  

Pl ant ce l l  and t i s sue cul ture is , in s imp les t  terms , a technique 
that u s e s  s ingle plant cel l s ,  unorganized groups of ce l l s  ( ca l lus ) ,  or 
organized ce l l  mas ses ( t i s sue ) . In an ideal system (pre sent ly 
possib l e  with a re lat ive ly sma l l  number of species ) ,  ce l l s  are 
manipul a ted in a series o f  chemical and phy s ical environment s ,  which 
cause them first  to mul t ip ly ( c l oning ) and later to regenerate whole 
plant s that survive transplantation to the greenhouse or  the f ield . 
Research to extend the use of this system to varie t ies ind igenous to 
deve loping countries could have immediate potent ial for app licat ion. 

Research e fforts in plant c e l l  and tissue culture have increased 
drama t i c a l ly worldwide in recent years inc luding e f fort s in deve loping 
nations . Sixty-nine countr ies are now represented in the 
Internationa l As sociat ion for Plant Tis sue Cul ture (up from 48 in 
1978 ) , i nc lud ing 40 nations in Africa , As ia , and Lat in Amer ica . 
However ,  much of the new technology s t i l l  i s  not be ing routine ly 
app lied . 

*See Part Three for a separate background paper prepared on thi s 
subj ec t ,  "Plant Ce l l  and Tissue Cul ture : An Overview , " by G. B .  
Co l l ins . 

- 131 -

Copyright © National Academy of Sciences. All rights reserved.

Priorities in Biotechnology Research for International Development:  Proceedings of a Workshop
http://www.nap.edu/catalog.php?record_id=19581

http://www.nap.edu/catalog.php?record_id=19581


- 132 -

Plant propagat ion us ing shoot t ip culture ia the mo a t  advanced 
area in p l ant c e l l  and t i s sue culture and ia currently being used to 
propagate e l ite genotypes of several plant spec ies in a number of  
countries . Propagation us ing p lant t i s sue cul ture can have a d i rect 
effect on crop improvement by more rapid and efficient propagat ion of 
certain spec ies , and i t can have an ind irec t effect by e limination of 
d isease in other spec ies . This technology i a  unique ly suited to 
solving cert ain problema in agriculture and fores try and was 
highl ighted by the working group aa the area moat l ike ly to make a 
near-term contribut ion to economic deve lopment in many deve lop ing 
countrie s . 

The large numbers o f  c e l l s  produced in the laboratory using 
tis sue culture techniques provide plant sc ient i s t s  with an opportunity 
to s tudy the e ffect s  of chemical or phys ical s tresses on the ce l l  
populat ion . A great deal of spontaneous variat ion occurs aa cells  
mul t iply in  culture , and exposure to radiation and certain chemicals 
can increase the degree o f  variant foraat ion. From the resulting 
culture s  of norma l and variant c e l l a , it ia some t ime s  pos s ible  to 
isolate c e l l  l inea having unique characteristics  ( salt  tole rance , for 
example ) .  

The select ion o f  unique c e l l  l inea followed by who le p lant 
regenerat ion i a  a valuable laboratory technique . Although prac t ical 
l imitations to  plant improvement exis t ,  variant select ion us ing t issue 
culture has a reasonable potent ial for making important cont r ibutions 
within the next 10-1 5 years . On the other hand , techniques that 
manipulate and ut i l ize only portions of ce l ls ( protoplaata , for 
example ) and fragments of genetic material ( c loned genes , for example) 
are s t i l l  in the deve lopmental stages , and very few , i f  any , prac tical 
appl icat ions to p lant improvement are l ike ly in the next decade using 
thi s  high-technology aspect of  plant cell and t i s sue cul ture . 

REV IEW OF RESEARCH AND APPLICATIONS USING 
PLANT CELL AND TISSUE CULTURE TECHNIQUES 

This working group identi fied eight research areas a a  prospects 
for near-term , mid-term, and l ong-term appl ications of p lant cell and 
t i s sue culture techniques , respec t ive ly :  

• Near-term (many new app l ications pos sible now or within 
5 years ) 

Clonal propagat ion 
Disease e l imination 
Germ plasm exchange 
Gene trans fer by wide hybrid ization 
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• Mid-term ( some app licat ions to p lant improvement pos s ib le 
within 5-10 years ) 

Variant selection ( inc lud ing somac lonal se lection) 
Produc t ion of hap loids 

• Long-term ( plant improvement appl ications unl ikely for at 
least 10-15 years ) 

Secondary natura l produc ts  
Mo lecu lar gene t ic engineering in p lants . 

S i nce p l ant cel l and t i ssue culture techniques are comparat ive ly 
new and evolving rapid ly , e fforts  to ut i l i ze this technology to solve 
pra c t ical  problems c an also  be expec ted to generate add it ional 
fundamental  knowledge and thus help expand the sc ient i fic base of 
pl ant b iology . Th i s  wi l l  contribute in important ways  to the se l f
re l i ance and s c ient i f ic capabi lities  of the countries where the 
t echno logy is used . 

The advantages of each research a rea as we l l  as pos sible pitfalls  
are d iscus sed be low. 

C l ona l Propagat ion 

An immediate opportunity exi s t s  to apply the estab l i shed 
techniques of c lonal propagat ion to a wide varie ty of plants inc luding 
f ore s t , hort icultura l , and agronomic s pec ies . These techniques have 
s pec i a l  app licat ions to plants current ly propagated asexua l ly or 
o thers with long generat ion t imes such as tree s .  In refore s tation 
e fforts and for spec ies be ing examined for fue lwood or othe r  uses , 
these  propagat ion techniques provide a means of produc ing large 
quant i t ies  of se lec ted or elite  propagules (cutt ings , seeds , or 
spore s ) for evalua t ion, and they can often overcome many propagat ion 
and breeding d i f f icul ties  that prohibit effec tive reforestat ion. In 
c er t a in b reeding programs , this aspect of p lant t i s sue cul ture can be 
used both to i ncrease the supp ly of l imited plant material and to 
reduce the t ime required to  introduce se lected gene tic t ra i t s .  For 
examp l e , i t  wou ld be advantageous to propagate F1 hybrids of some 
perennial crops such as cocoa and coffee . 

When general izing about any new technology , e spec ially one as  
broad ly appl icable as p lant ce l l  and tis sue culture , there are always 
l imitations . In mos t  s ituat ions , the me thods of in vi tro 
mu l t ip licat ion mus t  be s tandard ized for e ach species and pe rhap s for 
var i e ta l  or cultivar d i f ferences within species as we l l .  However ,  one 
of the primary opportunities represented by clonal propagat ion 
tech no logy is the introduc tion of p lant t i s sue cul ture approache s into 
plant  improvement programs in develop ing countries . In the near term, 
thi s  w i l l  introduce deve loping country sc ientists  to the various 
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techniques and managerial  neces s i t ie s  of modern p l ant cel l  and t i ss ue 
cul ture , thereby smoothing the way for the eventual addition o f  more 
research-oriented ac t ivities using t he basic  technology. 

Di sease E l imination 

Ti ssue culture techniques have been used widely to provide 
pathogen-free p lant s ,  a need that is widespread for a l l  maj or c rops 
and ornamental plant s .  Disease-free p lants fac i litate the 
internat ional exchange of germ p lasm. Moreove r ,  t he yield and qual i ty 
of many c lona l ly reproduced c rops are often s igni f icant ly increased by 
e l iminat ion of disease . 

The technique for produc ing disease-free p lants i s  ne i ther 
d ifficu l t  nor doe s it requi re expensive laboratory equipment . It may 
be convenient to combine appl ied goals  with basic  research during the 
tis sue culture phases of  d isease e l imination.  Thus disease 
e liminat ion i s  a product ive area for research support . 

The two groups of p l ant pathogens mos t  frequent ly encounte red are 
microorganisms such as bac teria and fungi which at tack p lant t i s sues 
on exposed surfaces or c ause systemic infections , and viruses and 
viroids which res ide within the plant ce l l .  The first  category of  
pathogens--surface-borne bacteria and fungi --are often e l iminated by 
the rout ine process o f  surface s teri l i zat ion o f  the explant ( living 
t i ssue ) before placing it in culture . P lants subsequent ly derived 
from uncontaminated cul tures w i l l  be free of  these pathogens . 
Virus-free plant s may be obtained by meris tem cul ture and shoot t ip 
grafting& . Viruses occur less  frequently in meris tema t ic c e l l s  and 
often are not transmitted to progeny p lants derived from the mer i s tea 
in culture . 

It i s  essent ial that any fac i l ity producing virus-free p lants 
also  be c apable o f  test ing the derived p lants to be certa in that they 
are virus free (virus indexing ) . P lants  cert i f ied to be free o f  one 
virus  may or may not be free of others . Virus indexing may be 
accomp l i shed with b iological assays ( by expos ing highly suscep tible 
p lants to s ap or t i s sue from the t i s sue culture-derived p lant ) or with 
serological or new monoc lona l ant ibody technique s .  

Germ Plasm Exchange 

Germ plasm resources  are important to any p lant improvement 
effort . Many opportuni ties  exi s t  for locat ing nove l gene tic  t raits in 
wi ld , semidome s t icated , or ind igenous cul t ivars and land races  of all  
horticul tura l ,  fore s t , or agronomic species . Plant ce l l  and t i s sue 
culture a l lows the t ransfer o f  p lant materials in a d i sease-free 
condit ion for utilizat ion in improvement programs worldwide . Such 
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transfers encourage the initiation of addi tional plant tis sue cul ture 
act iv i t ies  on a wider range of p lant species . 

Many of the i s sues re lat ing to germ plasm resources are not 
dire c t ly re lated to the sc ientific  or techno logical approaches under 
discus sion at this workshop . The se issue s are either pol itical  in 
nature or are be ing addres sed by other organizat ions such as  the 
internat ional agricultural research centers funded by the Consultative 
Group on Internat ional Agricul tural Re search (CGIAR) or the 
Int ernat ional Board for Plant Genet ic Resources (Rome ) . 

Fina l ly ,  i t  was observed that , in addition to re lying on germ 
plasm centers , the biolog ic a l , b ib l i ographic , and human resources of 
botanical gardens , part icularly those in deve loping countrie s ,  could 
be exploited , e special ly for vegetative ly propagated plants . 

Gene Transfer by Wide Hybridizat ion 

Tradi tiona l ly ,  embryo culture u t i l iz ing t i s sue culture methods 
has b een used to rescue hybrid embryos after wide c rosses . Prac t iced 
for more than 40 years , this  method is st i l l  appropriate in certain 
s itua t ions . Somatic  hybridizat ion us ing p lant t i s sue cul ture methods 
is now feasible in c erta in species and may extend the l imit s  of 
hyb r i d izat ion beyond those obtained us ing embryo culture . 

Embryo Culture . Fol lowing certain wide sexual crosses , hybrid 
embryos c an be re scued from the maternal environment where they 
ordi nari ly abort in the early stages of development . This  i s  
accomp l i shed b y  aseptic removal and culture o n  a n  appropriate med ium 
tha t  a l lows for the deve lopment of  intac t and fer t i le plants . This 
technique overcomes the problem o f  cross  steril ity due to improper 
end o s perm format ion and subsequent embryo abort ion after wide cro s se s .  

Hybrid embryo re scue i s  the fir s t  s tep i n  the t rans ference o f  
derived tra i t s  from one p lant species t o  anothe r .  Othe r s teps include 
backcross ing the hybrid to the des ired cult ivated type whi le s e lecting 
for the des i red trait from the donor spec ies . Thi s  technique has been 
used in many crops such as bar ley , cotton ,  tomato , and beans and 
requ i re s  close interaction among cytologi sts ,  biochemi s t s , and 
gene t i c i s t s ,  as we l l  as p lant breeders . It can be app lied where the 
prob l ems are we l l  defined ( for examp l e ,  combining disease res istance 
wi th h i gh yield)  and where a breeding program is we l l  es tabl i shed . 

I t  i s  a lso  pos s ible to produce total ly new plant forms ( for 
examp l e ,  Tri ticale and Raphanobras s ica)  by wide hybrid izat ion whi le 
ret a ini ng the complete genomes of both parent s .  Historica l ly ,  
however ,  these have been long-term proj ec ts because of  hybrid 
s t e r i l i ty problems . 

Hybridizat ion by Somatic Ce l l  Fus ion. The advances achieved 
dur i n g  the 1970s  in the inter- and intrageneric fus ion of protop last& 
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to produce soma t ic hybrids were both exc1t 1ng and promi s ing . 
Pro toplast fus ion appeared to provide unlimited flexibi l i ty in 
producing exotic  new plant s .  Howeve r ,  the pace of  deve lopment has 
s lowed s ubstantially in recent years .  The main examples  o f  success it 
producing somat ic hybrids have been with spe c ies  in the fami ly 
So lanaceae ( potato , tobacco , and petunias ) .  

Somatic  hybridizat ion us ing protop lasts  is  a high t echno logy 
re search area that requires wel l-deve loped t i s sue culture techniques 
and gene t i c  methods for se lect ion. Further deve lopment of thi s f ield 
appears to depend on solving severa l technical l imitat ions , inc luding 
the inabi l i ty to regene rate p l ants from cultured protoplasts  for most 
spec ies . Another serious l imitat ion at present is the absence of  
suitable gene t i c  marke rs required for the re l iable isolation o f  fus ion 
products in v itro and for the ident i f icat ion and ana lysis  of t rue 
hybrid pl�ts:--A subs tant ial research effort wi l l  be requi red to 
overcome these l imitat ions . 

The advent o f  rout ine protop last cul ture methods and sens i t ive 
genetic  markers to ident i fy somat ic hybr ids wil l  undoubted ly 
acce lerate deve lopment of this f ie ld d ramatically .  Even so , s omatic 
hybrid s are no t l ikely to provide produc tive new crops in the near or 
mid-term. Other wide hybrids ,  for example , Trit icale and 
Raphanobras s ica , required l ong periods for deve lopment before they 
were acceptable as crops . The s t ab i l ization and re finement o f  wide 
hybrids as crops can be expec ted to require substant ial  commi tments to 
convent ional genetic  and plant breeding programs . In the long term, 
however , somatic hybrids appear very promis ing to generate  an exciting 
array of new p l ant types , some of which may be very useful as new 
sources of food , fibe r ,  pharmaceuticals , latex , and o i l .  

Variant Select ion ( Inc luding Somaclonal Select ion) 

There are now several reports of new variants obtained by p lant 
c e l l  and t i s sue cul ture techniques .  Regenerat ion has been recorded in 
103  species ( 6 3  via organogenes i s  and 40 via somatic embryogenes i s )  of 
which 46 species are c lassified as of agronomic importance . The new 
variant s have morphological , phys io logical , qua l itat ive , and 
quant itative characteristics  that show chromosomal , nuc lea r ,  and 
cytoplasmic d i fferences from the original p lant s .  The perceived 
advantage of thi s  technique for crop improvement is the pos s ibil i ty of 
selecting nove l genotypes ,  thus s aving field space and t ime . Variant 
select ion c an be expanded through protoplast and c e l l suspension 
cultures , with or without the use of physical or chemical  mutagens . 
Thi s  approach could a l l ow research ins t itut ions in deve loping nat ions 
to work toward the re lease of new var ieties within ongoing breeding 
programs . Of course , p lant regenerat ion frequencies mus t  be h igh and 
screening technique s very we l l  defined . To make an e ffec tive and 
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rapi d  impac t on breeding programs , the se lected tra i t s  mus t  be 
gene tically  t ransmit ted and expressed throughout success ive 
generations . 

A l imitat ion to this approach i s  that some important agronomic 
and fore s try spec ies have not yet been regene rated ( for example , al l 
o f  the l arge-seeded legume s ,  inc luding soybeans , beans , peas ) . 
Furthermore , i t  i s  sometimes d i fficult to des ign screening methods for 
c e l l u l ar variants that wil l  be expre s sed as who le p lant variants . 
Becaus e  a t  thi s  t ime there is no known product of somatic ce l l  
s e l e c t ion i n  a n  important food , forage , or fiber crop that has been 
used in c rop improvement , the perceived advantages of the method have 
not y e t  been real i zed . 

Produc t ion of Hap loids 

Product ion o f  haploids by anther ( part of the p lant f lower that 
produ c es pol len) culture has been used successfu l ly for a growing 
numb e r  of spec ies .  Haploids are cel l s  o r  organisms that contain only 
one r epresentat ive from each of  the pairs of homologous chromosomes 

· found in the normal d ip loid ce l l .  The mos t  common use o f  hap loids i s  
to p roduce instantly homozygous l ines b y  chromosome doub l ing of 
hap l o ids ( several o ther research app l icat ions of  haploids are c i ted in 
Par t  Three in "Pl ant Ce l l  and Tissue Cu lture : An Overview" ) .  

The advantages of  anther-derived hap loids are : ( 1 ) large numbers 
o f  haploids can be produced efficient ly , and ( 2 )  complete inbred& c an 
be o b t ained in one s tep by chromosome doubl ing .  Anther-derived 
hap l o id s  have been used in the cultivar synthes i s  of tobacco in 
seve r a l  c ountries and in r ice , wheat , and corn in China . Moreove r, i t  
i s  current ly pos s ib le t o  obtain barley hap loids us ing a haploid embryo 
re scue technique af ter an interspecific  cros s .  

A number o f  l imitations exi s t  t o  the applicat ion o f  t i s sue 
culture approaches to hap loid produc t ion. Firs t ,  large numbers o f  
anth er-derived haploids are not the rule , and culture techniques have 
not b een described for many important crops . In corn , for examp le , 
hap l o id s  are produced at a comparat ive ly low frequency and require 
l abor-intens ive procedure s .  Second , the haploid embryo rescue me thod 
is spec ific  to barley . It should be noted , fina l ly,  that homozygous 
l ine s  for use in c rop improvement can be obtained in a l l  of the 
above-ment ioned crops and mos t  othe r  crops by conventiona l breed ing 
methods within 4-5 years . 

Secondary Natura l  Produc ts 

In spite of impres s ive advances in the area of  synthe tic organic 
chemi s t ry ,  we continue to depend on plants for some of the vital  
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chemicals  that can be de rived from them, for examp le ,  the important 
insecticidal pyre thrins i so lated from chry santhemums . Plant t i s sue , 
organ , and ce l l  culture s from a l arge number of medicina l  p lants have 
been e stab l ished , and i t  i s  now pos s ib le to grow p lant ce l l s  in 
suspens ion cul tures at the 100-200 l i ter  scale . Control led 
b iosynthe s i s  us ing such plant ce l l  cul ture s would have severa l 
advantages :  ( 1 ) de sired compounds could be produced under control led 
condit ions independent o f  c l imatic  or agronomic condit ions and a t  
potent ia l ly reduced cost ; ( 2 )  products  from p lants of t ropical , 
temperate , or mountainous regions could be produced a t  one location ;  
and ( 3 ) products from rare and endangered species could be made 
avai lable . 

Some fundamental  problems s t i l l  exi s t  that have a d irec t  bearing 
on the succe s s ful  exploitat ion of plant ce l l ,  t i ssue ,  and organ 
culture s for biosynthe s i s  of valuab le chemical compounds . To date , 
the recovery of high va lue produc ts  from in v itro systems has not been 
economically fea s ible . A maj or drawback has been the need for 
continuous ce l l  se lect ion s ince plant ce l ls have a tendency to change 
in cul ture ( in contras t  to microorganisms ) . Further research into the 
mechanisms o f  variant c e l l  format ion in plant tis sue culture wi l l  be 
needed to deve lop techniques for maintaining s table ce l l  l ine s .  

Mo lecular Gene tic Engineer ing in P lants 

Th is is an emerg ing f i e ld whose potent ial for transferring genes 
from one plant to another i s  long range . Howeve r ,  plant genes are 
good candidates for recombinant DNA insert ion into microorgani sms . 
Once inserted the cloned DNA can be used for research purposes and for 
vat chemical produc t ion of  specialty chemical s . Pharmaceuticals  and 
d iagnostic  produc ts can be expec ted in 10-15 years . 

The trans fer of c loned genes be tween p lant s for crop improvement 
mus t  be viewed as a long-term prospect .  The problems involve 
identi fication of spec ific genes and gene groups and the ir 
incorporat ion and expre ss ion in appropr iate tis sues of the 
mul tice l lular p lant . Re search in thi s  field requires a wel l-developed 
infrastruc ture in many research areas inc luding plant ce l l  and tissue 
cul ture , e spec ial ly protoplas t ,  microbial gene t ic s ,  mo lecular b io logy , 
and recombinant DNA technology . It wi l l  a l so require rec iprocal and 
continuing access  to expert ise from one or more tradit ional botanical 
research areas such as p lant biochemi stry ,  phys iology , ge ne t ics , 
pa thology , and b reeding . 

Genetic  eng ineering techno logy has not deve loped to the po int 
whe re it has been demonstrated that fore ign genes introduced into the 
genome of p l ant ce l ls can be s tably incorporated , expre s sed , and 
inherited by the whole p lant . It wi l l  require many ye ars of research 
and a subs tantial inves tment to deve lop this techno logy . Investments 
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in we l l -e s tab l i shed , rel iab le techno logies shou ld not be diverted in 
any country whi le awai t ing deve lopment o f  rel iable molecular genetic 
engineering of crop p lant s .  However , aborter term opportuni ties  to 
utilize o ther novel techniques o f  molecular biology could result in 
analyt i c a l  approaches that ass i s t  conventional gene tic  and plant 
breeding programs . 

IS SUES RELATED TO PLANT CELL AND TISSUE CULTURE 

Educat ion and Training 

Trained personne l i s  the moa t  important component o f  any 
succes s fu l  plant cel l and t i ssue culture program. Training should 
inc lude a s o l id background in the l i fe sc iences fol lowed by 
graduate-leve l  work in botany , microbiology , biochemistry ,  or 
molecul a r  b iology . In add it ion to learning the special ized techniques 
used in p lant ce l l  and tissue culture work, the ideal t raining program 
will  i nc lude exposure to agronomy , genetics , and p lant breeding . For 
trained p l ant sc ient i s t s ,  intensive 6-month programs in operating 
tissue cul ture laboratories can be very useful . 

As much as pos sible , in-country t raining i s  preferable to 
training abroad . The pos sibility o f  us ing a unique agricul tura l or 
ailvicul tural problem to a t trac t  a smal l  team o f  younger p lant 
•c ient i a t a  to a developing country for a period o f  up to 4 years o f  
concentrated effort  should b e  exp lored . The team ' s research could be 
used t o  provide t raining for host country s c ient ists  who would then 
continue the work o f  the laboratory at the end of the visit ing team ' s 
stay .  The set t ing for an e ffort o f  thi s kind migh t be a university,  a 
research inst i tut ion ,  or a priva te firm. 

Infras tructure 

A s ucce s s fu l  plant cel l and t i s sue culture program wi l l  require 
equipment , chemical s ,  and l ibrary and technical resources not commonly 
ava ilab l e  in deve loping c ountrie s .  A t horough evaluat ion of the 
minimal requirements for success  and a plan to deal with local 
constraints mus t  be part o f  any serious proposal to  engage in a new 
effor t . 

Re ady acce s s  to sma l l  quant i t ies o f  relat ive ly inexpensive 
spec i a l ty enzyme s and chemicals  is a key barr ier to t i s sue culture 
work i n  moa t deve loping countr ies . Tis sue cultur ia t a  mus t  ove rcome 
thi s i ndependent ly us ing ad hoc arrangements . I t  was sugges ted t hat  
an  e f fort be  made to establ ish a forma l mechani sm to resolve , in a 
general way , such sma ll-scale fore ign exchange and importat ion 
problema . Support for a central "enzyme bank" of s ome kind was 
expres sed by the deve loping country sc ient i s t s .  
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Reaearcb Col laborat ion 

Experience with aucceasful plant ce l l  and t i aaue culture program• 
in India , Brazi l ,  and China bas demonatrated the importance of ongoina 
re aearch collaboration with comparab le groupe in the United State s ,  
Europe , o r  Japan. Co l laborations have genera l ly been long term w i th 
b ilateral funding and have inc luded element s of equal partnership with 
benefits  to a l l  part ies .  The succeeaful programs are regu lar ly 
monitored for progress and appropriateness of  obj ec t ivea . Research 
col laborat ion often resulta from t raining programs . 

Communication• 

One of the moa t  difficult probl .. a fac ing developing country 
scient i s t s  is an almo s t  total l ack of  informat ion about the latest  
deve lopments in their reaearcb are a .  This  i s  particularly true i n  a 
field progress ing as rap id ly as plant ce l l  and tis sue culture . 
Sup port i s  needed for : 

• Expanded local l ibraries by maans of subscript ion to a larger 
number of j ourna l s  and abstrac t s , or installa t ion of  
microcomputer termina l s  connected to l ibraries and data bases 
in developed countries 

• Subscript ions to newa letters of profess ional soc ieties 
• Regu lar participation in workshops and meetings , particularly 

of a regional nature , where p lant sc ientists  can exchange 
ideas . 

Private Sec tor Involvement 

It may be pos s ible to estab l i sh sel f-supporting p lant ce l l  and 
t i s sue culture laboratories in deve lop ing countries by taking 
advantage of high value spec ies such as f loricultura l , hort icultural , 
or medicinal p lant s .  In addi tion ,  opportunities exist  for involving 
the p rivate sector in the Uni ted S�ates  and other deve loped 
countries . The unique sc ient i f i� and managerial talents that are 
found in the private sec tor can be used in t raining , for example.  
Contac ts  made in this  way would fac i l itate e s tab li shment of j oint 
ventures .  In general , whenever collaborat ive research is pos s ible 
be tween various private and pub l ic organizations , it  should be 
encouraged . 
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Deve l opment of Research Cente rs 

Experience in industrialized and deve loping countries a like has 
shown that succes sful c e l l  and t i s sue culture programs gene ra l ly start 
sma l l  ( 1-3 pro fes s iona l s ) and grow rapidly with the addi tional 
involvement of plant scient ists  t rained in phys iology , b iochemi stry ,  
gene t ic s , o r  molecular biology . Effort s ,  there fore , should be made to  
e s t ab l i sh sma l l  t i s sue culture laboratories in an inst itutional 
environment that wi l l  fac i l i tate future growth inc lud ing the 
deve l opment of  interdiscip l inary approaches by teams of coope rating 
scient i s t s . 

The rate of growth in new programs can be dramatic . In Braz i l ,  
for example , the number of  research groups us ing plant c e l l  and tissue 
cul ture grew from zero to over 20 in a decade . Over hal f  of the s e  
group s c a n  b e  traced to the s t imulus of  a sing le U . S .  scienti s t  who 
became deeply involved through t raining and research col laborat ion 
beginning in 1 9 7 1 .  Trans fer  o f  the technology t o  othe r  countries has 
fol lowed a pattern charac terized by long-term re lat ionships between 
individua l sc ient is t s .  Extens ion t o  other areas of the world wi l l  
bene f i t  from programs prepared t o  provide continuous support over a 
period o f  10 years or more . 

RECOMMENDATIONS 

Th i s  working group made a conscious decision not to recommend 
res e a r ch on spec i fic plants ,  fee l ing that such j udgments can only be 
made l ocal ly by people mos t  famil iar with the prob lems and needs . It 
was f e l t  more appropriate to recommend guidel ines to be used in 
evaluating proposals  for applying p lant ce l l  and t i s sue cul ture to 
parti c u l ar problems . 

• It i s  recommended that deve lopment assis tance agenc ies 
evaluating research proposa l s  in the a rea of plant c e l l  and 
t is sue cul ture : 

Give h ighes t  priority to proposals that inc lude 
provi s ions ensuring that the products of  t i s sue culture 
techno logy reach farmers and consumers . This  general ly 
requires programs for test ing and evaluat ing new products 
and c apab i l ities for commerc ial  seed or s tock 
product ion . Proposals that wi l l  result in immediate 
appl icat ion should be given special attention. 
Give h igh priori ty to propos als  on we l l -de fined plant 
improvement problems . For a g iven prob lem,  proposals to 
use the mos t  feas ib le tis sue culture methods should be 
g iven preference over those propos ing to use methods that 
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need more development . Converse ly , low priority should 
be g iven to proposals to learn techniques using model  
plants such as tobacco ; often such projects  have never 
progres sed from tobacco to other important p lants . 
Give high priority to proposals that wi l l  permit the 
near-term extens ion of  plant ce l l  and t i s sue cul ture 
techniques to plant improvement problems us ing any or all  
o f  the  following:  clonal propagat ion, d isease 
e l iminat ion, germ plasm exchange, or gene t rans fer by 
wide hybridizat ion using embryo cul ture . The research 
goal s  of  s uch proposa ls wi l l  inc lude the deve lopment of 
procedures for e f f ic ient c lonal propagation and 
regeneration of e l i te genotypes , pre ferab ly by adaptation 
of known procedures for the species . When procedures for 
the species have not been deve loped , care ful judgments 
should first be made , based on results with related 
specie s , regard ing the like l ihood of  near-term success .  
In general , important opportunit ies exi st with many 
tropic a l  species , espe c ia l ly those that propaga te 
asexual ly and those that have long generat ion t ime s ,  such 
as tree s .  I n  this regard , p lant t i ssue culture 
propagat ion appears part icularly sui ted to prob lems 
concerning reforesta tion ,  fue lwood suppl ies , and the 
deve lopment of t ree crop s .  
Require that proposals  to begin work in plant ce l l  and 
t i s sue cul ture inc lude a thorough evaluat ion o f  the 
minimal infrastruc ture requi rement s and spec i fy a plan 
for removing cons traint s .  Granting agenc ies should be 
prepared to provide fund s for infrastructure needs when 
neces sary . 

• I t  is also  recollllllended that : 

Effort s be made to provide tra1n1ng for personne l f rom 
developing countries in laborato ries of sc ient i s t s  
wil l ing to engage in long-term col laborat ion. To the 
maximum extent possible , opportuni ties for training 
in-country by v i s i t ing sc ient ists  are preferable to 
training abroad . 
Cons iderat ion be given to e s tab lishing regular sc ient i fic 
exchanges at a l l  levels  for developing country s c ientists 
engaged in plant ce l l  and t i s sue cul ture research . 
Regional , prob lem-oriented workshop s and news le tters 
d ire cted t oward particular applications of the techno logy 
should be given special  a t tention. 
Private sector invo lvement in the applicat ion of  plant 
c e l l  and tis sue culture to problems in deve loping 
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countries be encouraged . Private firms may be able to 
provide short-term training and could be contrac ted to do 
research and deve lopment work on prob lems of s pec ial 
importance to deve loping countrie s .  
Efforts to estab l ish tis sue cul ture laborator ies begin 
smal l, with pre ference given to ins t i tutional s e t tings 
that are amenable to the eventual deve lopment of strong 
interd iscipl inary teams o f  plant sc ient i s t s . 
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PARr THREE 

Background Papers 
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INTRODUCTION 

Agriculture Overview 

LOWELL LEWIS 

Although the world has made s ignificant gains in total food 
product ion , the prob lems of  chronic malnutri t ion and hunger pers i s t  in 
many nat ions . Enough grain i s  produced present ly to provide every 
man , woman , and child with some 3 , 000 calor ie s  a day ,  more than the 
average leve l of consumpt ion in the Uni ted S tate s .  Increases in wor ld 
food product i on are large ly due to  the "Green Revolution , "  which 
introduced high-y ie lding varie t ies  of wheat , r ice , and other grains 
and improved agronomic practice s .  I n  many countries , produc tion 
increased three- to fourfold . It  i s  e s t imated that more than 
50 mi l l ion hec tares have been p lanted with high-yie ld ing var ie t ies , 
and that  the increases in product ion can meet the food needs o f  over 
300 mil l ion people . 

Accord ing to c .  P .  Timmer of the Harvard Bus iness  School 
( personal communicat ion , 1982 ) ,  highly skewed rural incomes and lack 
of adequate purchas ing power among consumers and food producers a re 
creat ing widespread hunger and stagnating food product ion . For these 
reasons , many deve lopment agenc ies are shift ing the ir emphas i •  from 
dire c t  rel ie f  to attempts  to re form the agricu l tural and soc ial 
pat terns within deve loping countries . One way to  address  poverty is 
to  increase agr icultura l  productivi ty--the actual units  produced per 
uni t s  input .  

World food production mus t doub le i n  the next 40-80 years , 
depending on the rate of population growth . In 1975 , when the world 
population was 4 b i l l ion , 3 . 3  b i l l ion tons o f  food were produced . If 
population grows at an annua l rate of 2 percent , the 8 bi l l ion peop le 
of the year 2015 wi l l  require 6 . 6  b i l l ion tons of food . Two-third s  to 
three-fourths of this increase mus t  come from intensi f ied produc t ion 
on exist ing land and the res t  from bringing new , marginal lands into 
production .  Both tasks w i l l  require new and appropriate technology . 
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The ele.enta of the "Green ievolution , "  along with i.aproved p lant 
varie ties , were cbeaical fert il izers , irrigat ion , and aecbanizat i on-
foa a i l  fue l -intensive and technology-intensive solutions . In the 
future , agricultural product ivity auat  be increased with different 
input s .  The next gene rat ion of agricultural research auat focus on 
reaoving obs tac les to aniaal food production such as  widespread 
disease , breed ing plant varie t ie s  to withstand environ-ental stress 
and re s is t  peats , and iaproving photosynthet ic e ff iciency , nutrient 
and water uptake , and biological nitrogen f ixation. 

AlfiMAL PRODUCTIVITY 

Di seases and parasite s  severe ly constrain aniaal product ivity in 
aany deve loping countries , part icula rly in the tropics , and they 
account for the annual loss of aore than 50 aillion c at t le and buffalo 
and 100 ai l l ion sheep and goats worldwide . The cost of buaan attempts 
to contro l such d i seases is  s taggering . One Rocke fe l ler Foundat ion 
report (Muri itbi 1 97 8 )  noted that t ick-borne diseases in Africa and 
South Aaerica are control led by d ipping ai ll ions o f  cattle weekly . 

In spite of the impact of tropical aniaal diseases , deve loping 
countries have 60 percent of the world ' s  animals . However,  the s e  
aniaals produce only 20 pe rcent of the world ' s  aniaal products . The 
opportunities to augment such product ion are aani fold , e specially in 
l ight of  increas ing demand . The Food and Agricul ture Organi zat ion of 
the United Nations ( FAO) bas e s t iaated that the e f fect ive deaand for 
aniaa l product s  in deve loping countr ies wi l l  rise 100 percent from 
1 9 7 6  to 1 990 . 

Three areas o f  biotechnology could strengthen aniaal productivity 
in  deve loping countries by seve ral magni tudes : the use of  vacc ines 
and the use o f  aonoc lonal ant ibod ies in the control o f  d isease , and 
the technique s of embryo trans fer .  

Vacc ine s 

Vaccines are the mos t e f fec tive and least expens ive means of  
control l ing infectious disease . Today , new techniques of  genet ic 
engineering are greatly enhanc ing a vacc ine ' s  e ffectiveness . One 
examp le i s  the new vacc ine aga inst foot -and-mouth disease , an 
iaportant cat t le d isease found in South America,  Asi a ,  and Africa. 
This disease i s  a major threat to the l ive stock industry ,  and its 
spread in the United States would cost b i l l ions o f  dol lars . 

In the past , foot-and-mouth vaccines  had the intended e ffect of 
s t imulat ing the animal ' s  immune response , but they fe l l  short of the 
des ired e ffect because the vacc ine viruses b ad to be weakened or 
ki l led to prevent actual transmiss ion of the d i sease . Scient ists  at 
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the U . S .  Department of Agriculture ' s labora tory at Plum Is land ,  New 
York, have now produced a superior vaccine . They used genetic  
engineering to  remove the port ion of the virus that  makes i t  
pathogenic ; the remaining virus evoke s a much s tronger immune response 
without t ransmit t ing the d i seas e .  

Promis ing re search is a l s o  under way to  deve lop a new , more 
effec t ive vacc ine against bluetongue virus , which attacks catt le , 
sheep , and goa t s .  Th i s  virus des troys embryos . If c ows are infected 
late in ge s tat ion , it cause s  severe neuro logic de fe c t s  in the 
offspring .  In the adul t  animal , the v irus impairs health and we ight 
gain. 

Some 20 vari e t ies of  b luetongue virus exis t ,  and they are 
difficul t  to dis t inguish . Unfortuna te ly ,  sc ient i s t s  have fai l ed to 
deve lop a good vaccine because they do not know which s trains are mos t  
import ant . Since there i s  no e ffec t ive way to t e s t  anima l t i s sues a s  
they a re being transported be tween countr ies , this v irus has s topped 
internat ional shipment of embryos and spe rm ,  thus prevent ing a number 
of We s t  Afr ican countries from introducing superior breeding s t ock 
from o ther countrie s .  A s olut ion to this prob lem l ies in new 
techniques assoc iated with monoc lonal ant ibodies , which offer enhanc ed 
ident i ficat ion and manipulat ion of spec i fic disease s trains . 

For the last  100 years , sc ient i s t s  have had only l imited success  
in deve loping v acc ine s aga ins t paras i t ic d iseases . Parasi tes  inhibit 
the immune re sponse o f  the host and produce so  many d i fferent ant igens 
tha t the ho st  cannot deve lop specific  ant ibodies to attack the 
para s ite . Vacc ines are not , there fore , avai lab le for some of the mos t  
preva lent d i seases of our t ime , includ ing ma lar ia . 

TWo paras i t ic di sease s be lieved to be responsib le for the death 
of 3 mil l ion head of catt le  a year are the i lerios is , or East Coas t 
fever ,  and t rypanosomias i s ,  known as s leep ing s ickne s s  when i t  occurs 
in man. These di seases inhibit the use of cat t le , and even human 
se t t lement , on 7 mi l l ion s quare kilome ters o f  land , whi ch could 
probab ly support an add i t iona l  120 mill ion head of  catt le . I f  just  
10 percent o f  this  number were avai lable each year , an addit iona l 
1 20 , 000 tons of meat  cou ld be produced annual ly , as we l l  as addi t ional 
mi lk. 

The i leriosis  i s  found in many part s o f  Africa,  the Midd le Ea s t , 
Ind ia , and Pakis tan .  In eas tern Africa , mortal ity of 90-95 percent is 
expected if susceptible cat t le are introduced into an infested a rea 
wi thout precaut ions . 

Trypanosomiasis  inhibi t s  the use of cat t le throughout the ent ire 
c e n tral port ion of Africa south of the Sahara and in parts of South 
Ame rica . Symptoms inc lude anemia , re tarded growth , poor product ion , 
a nd incapac ity t o  work . This disease is t ransmit ted by the t se t se 
f ly ,  which prevent s graz ing , cul t ivat ion , and human s e t t lement in many 
a re a s .  Although i t  e l i c i t s  an immune response , this paras ite  survives 
in animals by changing i t s  ce l l  coat and so i t s  ant igenic s t ruc ture ; 
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thus an animal ' s immune response cannot overtake i t .  One variant may 
be e l iminated , but only in t ime for another to emerge and 
pro l i ferate . Scient i s t s  hope u l timately to de f ine some part of the 
molecule that does not change with each ce l l  coat and e l ic i t  an immune 
response to  that component of the molecule to obtain more effe c t ive 
immuni ty . 

Monoc lonal Ant ibod ies 

Since 1 9 7 5 ,  sc ient i s t s  have been able to  use ant ibod ies in new, 
powerful ways to diagnose and manipulate the agents of disease . In 
the pas t , sc ient i s t s  emp loyed the natural immune de fenses of humans 
and animal s  to produce vaccines and ant ibody sera . Vaccine s  cons isted 
of weakened or des troyed d i sease agents that s t imulated the immune 
re sponse , wh i l e  therapeutic  sera consi s ted of antibod ie s themse lve s .  
Sc ient i s t s  a l so used ant ibodies as a d iagnostic  t o o l  for 
d i s t inguishing strains of  disease . Such d iagnos tic  too l s , cal led 
reagents , were obtained by selecting ant ibodies  that attacked a 
certain type of pathogen ; however , this could not be done with 
prec1s 1on . The body produces extreme ly d iverse ant ibod ies when 
invaded by a fore ign substance --seve ral hundred to a thousand 
d i f ferent types . Because i t  i s  a lmos t  impos sible to separate them, 
convent iona l ant isera contained mixtures of antibodies . 

Scient ists  have known that the ful l resolut ion power o f  
ant ibodies  i s  ava ilable only i f  one ant ibody-produc ing ce l l  i s  
se lec ted and grown in cul ture . Th e  s ing le c e l l ' s progeny , o r  c lone , 
i s  then a source of large amount s of ident ical ant ibody against a 
s ingle ant igenic determinant . However ,  ant ibody-secre t ing c e l l s  
cannot b e  ma intained in a cul ture medium. 

In the last 6-8 years , scient i s t s  have devised a so lution to this 
prob lem . They can now immortal ize ant ibody-produc ing c e l l s  by fusing 
one with a t issue cu lture adapted tumor c el l ,  that i s , a ce l l  o f  a 
s imi lar l ineage but one that has become ma l ignant and thus has gained 
immort ality . The re sult is a p lenti ful  source of ant ibody that i s  up 
to a thousand t imes more specific  than be fore because i t  i s  made from 
ident ical ce l l s ,  a l l  c loned from a s ingle ant ibody-produc ing ce l l .  
Scient i s t s  are now able t o  select and mass  produce the antibody of 
intere s t  for diagno s i s  of d i sease , d issection of a g iven pathogenic 
organism , and identificat ion of  the component mos t  useful in 
produc t ion of a vacc ine . 

One o f  the mos t  important immediate uses of monocl onal antibodies 
is for more prec i s e  identificat ion o f  a di sease . Once it i s  known 
which subtypes of a virus or bac teria are causing the d i sease , it is  
poss ible to use exis t ing vacc ine s  or deve l op add it ional ones to fit 
the d i sease . Monoclonal ant ibodies are a l so important for the study 
of genetic  susceptibil ity to disease . S tudies in mice and humans 
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ind i c at e  that certain diseases can be recognized by genetic  marke rs , 
wh i ch can in turn be recognized by ant ibod ies . The h igh ly spec ific 
mono c l onal ant ibody wi l l  enable scie nt i s t s  to obtain good gene t ic 
pro f i les  o f  anima l s , part icularly breeding s tock, and ident i fy those 
c a r rying the mos t  des i rable trai t s , such as resi s tance to disease , 
mi l k  product ion in dairy herd s ,  and we ight gain in catt l e .  

Wh i l e  monoc lonal ant ibod ies promise bre akthroughs i n  the control 
of a n imal and human di sease , the deve lopment of vacc ines for s ome of 
the most  complex paras i t ic d i seases wi l l  not come qu ickly . For 
examp le , the International  Laboratory for Re search on Animal Diseases 
( ILRAD )  in Nairobi has learned an enormous amount about the biology of 
trypanosomiasi s ,  but th is new informat ion has only confirmed how 
d i f f icult  it wi l l  be to produce a vacc ine for this disease . In spite 
of e arly opt imism ,  the deve lopment of such a vaccine in the next 
dec ad e  is not ce rtain.  

On the opt imi s t ic s ide , sc ient i s t s  invest igat ing ma laria now 
be l ieve they can deve lop a vaccine for this devas tat ing disease within 
the next 5-1 0 years . Thi s  di sease currently infects  300 mi l l ion 
peo p l e  and resul t s  in the death of 1 mi l l ion African chi ldren every 
yea r .  

Embryo Transfer 

Embryo transfer , an innovat ion o f  the last decade and now a 
$20  m i l l ion indus try in the United States , could have a stunning 
impac t on animal food product ion in deve loping countries i f  i t s  
ini t i a l  cost  and requirements for technical soph i s t icat ion do not 
prove prohibit ive . 

The term "embryo transfer" now app lies to a sequence o f  s teps 
tha t  begins wi th the s t imu lat ion of mul tiple egg produc t ion at the 
t ime o f  ovulat ion . Art i f icial inseminat ion i s  fol lowed by embryo 
re c overy , usua l ly provid ing 10-1 5 embryos from a s ing le cow ,  wh ich are 
s t o re d  under laboratory cond itions . The embryos are eventua l ly 
t r ans ferred from the gene tic mothe r to host or surrogate mothers .  

The major  use o f  embryo trans fer i s  t o  increase the reproduc tive 
r at e  o f  valuable cows . Norma l ly only one embryo per year is obta ined 
from a c ow.  Now a gene t i ca l ly superior donor,  through i t s  recipient 
c ows , can produce 50-60 superior calves in a s ing le year . In 
add ition , embryo transfer acce lerate s the introduc tion of new genetic  
ma terial into ind igenous cattle ; with a herd of rec ipient cows , it 
r e quire s one generat ion.  The convent ional method . o f  art i ficial  
inseminat ion requires three gene rations be fore the offspr ing are 
s even-e ighths the gene t ic makeup of the new breed . 

Because embryos can be frozen for international shipment , a 
d eve loping country could import gene t ically superior embryos and make 
rapid progre s s  in upgrad ing their cat t le . Th i s  me thod also  reduces 
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disease problems that accompany the i nt roduct ion of supe r ior bree d ing 
cattle to a fore ign country . 

Upgrading cat t le stock could double or triple animal food 
product ion . Milk product ion could j uap from 4 , 000-5 , 000 pounds ( lbs ) 
per year per cow to 1 2 , 000 l b s .  The weight o f  beef cat t le a t  1 year 
could rise from 500 lbs pe r  animal to 800-900 lbs , with an 
accompany ing improveaent in qua l ity o f  meat . 

According to a recent Sc ience arti c le ( Seide l 1981 ) : 

Embryo transfer could permit the 
introduc t ion of cat t le to many areas of 
the wor ld where it is now prohibited 
because imported .. ture animals  d ie or 
are severe ly harmed by infec tion with 
loca l d i sease . When eabryos are 
transferred to ind igenous rec ipient s ,  the 
young rece ive appropriate immuni ty 
through the f ir s t  colostrum ,  or milk,  and 
the deve loping immune sys tem of the cal f 
becomes spec i fical ly at tuned to the 
d isease organi sms in the env ironment . 

Al though embryo t ransfer appears to produce high gains re lat ive 
to the required inve s tment , i t s  use by deve lop ing countries depends on 
a high initial c apital out lay and the existence of a techno logical 
infrastructure . The cost  o f  10-15 eabryos is  $2 , 000 , but the l argest 
cost of the procedure is maintaining recipient cows . Se ide l notes  
that "technique s w i l l  cont inue to be  s imp l ified and effic acy wi l l  
increase , e spec i a l ly for freezing embryos ; consequent ly cos t s  w i l l  
dec l ine drast ica l ly .  I t  wil l probab ly be decades ,  however ,  before 
embryo trans fer wi l l  be used on a scale comparable  to art i f i c i a l  
insemina t ion . " 

PLANT PRODUCTIVITY 

Plant Ce l l  and Tissue Cu l ture 

Ti ssue culture , an innovat ion of the last two decade s ,  c ould be 
dire c t ly app l ied to increasing food produc tion in developing c ountries 
with dramatic re sult s .  This technology produce s  genetic  dup licates of  
superior plants , each grown from bits  of t i s sue that are taken from a 
s ingle parent plant and p laced in a test  tube . Th i s  represent s the 
fas test  me thod of cloning , up to a m i l l ion t imes fas ter than 
trad i t ional me thod s ,  and sc ientists  have perfec ted test-tube 
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env ironments for hundreds of plants , ranging from carrots  and tomatoes 
to f i r  trees and giant sequoias . The dup l icates produced are o f  
uni formly high quali ty ,  free of disease , and more vigorous than plants 
grown from seeds . 

Deve loping countries can use th is  technology in severa l way s .  
Breede rs can c lone the best-adapted , super ior plant varieties  to 
produce enough dup l icate s for l arge-scale produc t ion. In the United 
State s ,  it  i s  norma l for a comme rc ial nursery to · produce 300 , 000 such 
c lone s  in a month , quickly paying off  the $50 , 000 cap ital out lay for 
fac i l i t ies . Ti s sue cul ture me thods can also be used to rees tab lish 
such variet ies in a d i sease-free state . Many varieties  in the 
exi s t ing gene poo l are riddled with pathogens --viruses , bacter ia , and 
fung i . If breeders begin with c lean ma teria l ,  they can increase 
product ivity of  a variety from 30 to 300 percent . 

Another use o f  t issue culture i s  to select natura l ly oc curring 
mutant s among somatic c e l l s--one in every 10 , 000 to 1 mill ion c e l l s  in 
the p l ant body i s  a natural ly occurring mutant . Mutants can be 
se lec ted for tolerance to di sease , sal ine soi ls , drought , heat , or 
cold . By expos ing c e l l  cul tures to a d isease toxin , for ins tance , 
s c ient i s t s  can quickly ident i fy the one that survives and c an 
regenerate a new populat ion o f  p lant s from it . In potatoe s ,  thi s  
technique a l l ows product ion of new varieties within a year . 

Breeders a lso use cul ture s o f  the anthers , which contain pol len,  
to produce haploids , ce l l s  with hal f the normal number of 
chromosome s .  These can be used to  telescope the norma l t ime it  takes 
to produce new varie t ies . Scient i s t s  in the Far East have 
successful ly used this technique to produce new varie t ies of wheat , 
rice , tobacco , and othe r crops in about one-thi rd the t ime i t  takes to 
produce varieties  by trad i t ional methods . . 

By p lac ing plant embryos in tis sue cul ture , plant breede rs can 
re scue rare hybrid s--o f fspring that combine des irab le traits o f  two 
spe c ie s .  Many potent ial ly va luable hybr ids are aborted as embryos 
because of incompat ibi l ity in their  environment , such as a defic iency 
or toxic e l ement in the fruit . Us ing t is sue cul ture techniques , 
sc i ent i s t s  can remove the embryo re lat ive ly early and rear i t  in the 
te s t  tube where it grows free of a l l  stresse s .  This technique has 
been used for 50 years in the Uni t ed States . Orchid breeders have 
deve loped hybrids involving 5-70 d i f ferent gene ra , let  a l one spe c ies , 
an unheard o f  feat be fore t i s sue cul ture . 

Plant breeders can as s ist nature through test-tube poll inat ion , a 
technique used when normal pol l ination of the flower doe s not re su lt 
in fertil izat ion. Researche rs exc ise the ovules , the parts of the 
f l ower that c ontain the eggs , and directly  apply the pol len to produce 
fer t i l izat ion . In this way , seeds that would not occur in nature are 
o b t ained for breed ing purposes . 

Pro toplast fus ion , a form o f  tissue culture that enab les breeders 
to make wide crosses between gene ra , probab ly wi l l  not have any 
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practical  use in deve loping countries for at least 10 years . 
Protoplas ts--somatic  c e l l a  from which the wal l a  have been removed--a re 
taken from two parent p lants and fused into a s ing le wal led c e l l  in an 
art ificial medium. 

Protoplast fusion has been used for fus i on of  a potato ce l l  and a 
tomato ce l l , produc ing an exotic  hybrid that is s teri le ; it produce s  
flowers but n o  seeds . I t a  usefulne s s  l ie s  in i t a  expanded gene p oo l , 
which i s  now availab le to the plant breede r .  However , scient i s t s  wi ll  
have to engineer chromosome e l iminat ions to  reduce the  large number  of 
unneces sary gene s that interfere with the use of this hybr id for 
breeding purposes . The pre sent usefulness  o f  protoplast fus ion i s  to 
provide new germ p lasm for an exist ing crop . 

Ni trogen Fixat ion 

Ni trogen is e ssent ial for plant growth , and in mos t  of the world 
i t  i s  the major l imit ing fac tor in crop production .  Since man-made 
nitrogen fert i l izer is prohibit ive ly expens ive in many deve loping 
count ries , crops capab le of fixing their own nitrogen have acquired 
urgent importance in the deve loping world . 

The moa t  e ffic ient of these crops , the legumes , form a symb iot ic 
re lat ionship with the soil  bacteria Rhizobium, encapsu lat ing t hem in 
root nodu le s . These bacteria manufacture the nitrogen-fixing enzyme 
nitrogenase , which provide s two-third s  of a l l  the ni trogen f ixed on 
the p lant --about 200 mil l ion tons annually .  

Re searchers are now search ing for  super s trains of  Rhizobium by 
exploring the ir ac t ivity with d i f ferent plant varieties under 
d i f ferent condit ions of acidity , temperature , and soil  nutrient 
leve l . Some procedure s developed at the Interna t i onal Crop s  Research 
Ins t i tute for the Semi-Arid Tropics ( ICRISAT) have increased the rate 
o f  nitrogen f ixat ion in legumes 300-500 pe rcent . These resu l t s  should 
reach the farmer ' s fields in the 1980s . More immed iate ly , 
legume-based cropping sys tems could be wide ly used to bu i ld s o i l  in 
deve loping countries through sequent ial cropping , interp lant ing ,  and 
winte r ground cove r .  

In Braz i l , soybeans are now a maj or sourc e  of  fore ign i ncome , 
a lthough there was no produc t ion of any consequence 10 years ago . 
Their success can be attributed to the good y ie lds achievab le wi thout 
appreciable  fert i lize r .  Cowpeaa , anothe r legume crop , are be ing 
cult ivated in the Afri can Sahe l to bui ld up res idual nitrogen supplies 
and to provide a popular food crop as we l l .  

A number o f  fac tors l imit nitrogen f ixation i n  the field , 
a l though the se symbiotic systems show drama t ic potent ial in the 
l aboratory . For example , ind igenous rhizobia that do not fix nitrogen 
may compe te with the added Rhizobium and take over pos i t ions on the 
roots  where there could be bene ficial  ac t ivity . Furthermore , rhizobia 
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inoculated onto seeds often do not survive various farming prac t i ces . 
For ins tance , the inoculated seeds may be stored for some t ime be fore 
p lant i ng ,  often at h igh tempe ratures ,  or they may be p lanted in dry, 
hot s o i l .  

A very promis ing system for nitrogen f ixat ion in connect ion wi th 
rice  cul t ivat ion is blue-green algae . When r ice is grown underwate r ,  
coe xi s t ing organisms such as b lue-green a lgae , and pos s ibly bac teria ,  
f i x  nitrogen.  There i s  now evidence that the se algae f i x  enough 
nitrogen to sus tain the crop without additional inputs o f  
nit rogen--and have done so f o r  hundreds of years . Insuf ficient 
nitrogen exist s , however ,  for high y ie lds ; thi s  can be reversed by 
inoculating the field  with more a lgae or bac teria.  

While sc ient ists  are us ing genetic  engineering to search for more 
e f f ic ient nitrogen-fixing organisms , research is a l so needed on the 
rea s ons that the pre sent ly used organisms have l imited e f fic iency . 
Algae transported to laboratories fix more nitrogen than they do in 
the f ie l d .  Probab le l imit ing factors are the presence of  phosphorus 
or i ron in the water , compet i t ion with the non-nitrogen-fixing algae 
tha t  are pre sent , and predation by sma l l  anima l s .  Once the se 
l imi t a t ions are confirmed , they can be overcome or bypassed . 

Farmers in the Far East  are using a remarkable form of nitrogen 
f i xa t i on that  exi s t s  in some flooded rice fields . The wi ld fe rn 
Az o l la contains an algae Anabaena in the ho l lows of its  leave s ;  
t oge the r  they f ix 300-500 lba o f  nitrogen per acre pe r year . This  c an 
be c ompared to c l over and a l fa l fa , which fix 100-200 lba  per acre per 
ye a r .  The Chinese and Vie tnamese have used this wi ld fe rn in rice 
c u l t ivat ion as a green manure crop , and i t  may be useful  in o ther 
par t s  of As ia , Africa , and La t in America.  

Wh i le work on biological nitrogen f ixat ion o f  legume s wi l l  l ike ly 
be e xpanded in the 1980s , it  is much leas l ike ly that s c ient i sts  in 
thi s decade wi l l  incorporate a nitrogen-fixing system into cereal 
grain s , a l though this prospect has received much s peculat ion . Even if  
th i s  were accomp l i shed , p lant energy would be required to f ix the 
n i t r o gen , resulting in about 20 percent lowe r yie l d s .  

L IMI TATIONS T O  AGRICULTURAL PRODUCTIVITY 

S o c i oe conomic Factors 

The maj or factor l imiting agricul tural produc t ion in deve loping 
nat ions i s  the lack of a mone tary incentive ; in many countr ies  the 
p r i c e s received for agricu l tural produc t s  are s imply too low to reward 
t he farmer for his  e ffort s .  Governments tend to keep these prices low 
f o r  a t  least  two reasons . Fira t ,  i f  prices are allowed to increase so 
t h a t  the farmer rece ives a fair price , the cost of food becomes 
proh i b i t ive ly high ,  poss ibly re sul t ing in c ivil  unrest . Second , i f  
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the gove rnment sub s idizes the price of food so that the farmer 
rece ives a fair price and the consumer pays the low price , the c ountry 
soon runs out of money .  

Somet ime s government po l icies create a sys tem o f  incent ive s that 
render scient i fic achievements unde s i rab le . For examp le , i t  has been 
noted in some countries  that farmers are re luctant to use 
high-yielding dwarf var ie t ie s  of  grain because , under present 
condit ions , s traw yield  is more valuable than grain. In one c ase a 
gove rnment has put a ceil ing on the pr ice of wheat that is  
substant ially below the .world market price , and has mandated 
compul sory de l iveries  of a major port ion of  the crop . The gove rnment 
then uses this port ion to sub s id ize the price of bread to the urban 
poor . Howeve r ,  while  the price of grain is kept art ificia l ly l ow ,  the 
price of meat  is not contro l led and has become very high . 
Consequent ly , the price of animal feed is high , making the parts of a 
grain crop that can be fed to animals  very va luable . Growers can 
produce twice as much s t raw from the t rad i t ional varie t ies as they can 
from the high-yielding dwarf varie t i e s .  

The r i s k  fac tor also  limi ts  agr icu l tural produc t ivity . 
Deve loping country farmers who have l ived on the edge o f  s tarvation 
and economic disaster for centur ies may not risk a change in their 
produc t ion sys tem , even though they unders tand that  a change would be  
profi tab le in the l ong run . 

Another obs tac le to produc t ivity is poor marke t ing .  Too often 
farmers have been encouraged to plant a commod i ty only to find that 
there is no marke t for i t , or no way to transport i t  to marke t . Many 
countries lack re l iable transportat ion sys tems and a food proce s s ing 
and market ing infras truc ture . 

Finally , the extens ion of agricul tural  techniques is often not 
sui ted to the farmer ' s needs , and fa i ls to take into account a 
valuable source o f  informat ion--a lready exi s t ing cultural and 
agricul tura l prac t ice s .  Many extens ion needs could be me t by an 
e f fe c t ive cooperat ive extens ion service s imi lar to that exis t ing in 
the United States . Although deve loping countries may have a t itular 
coopera t ive extension, i t  does not ne cessar i ly serve the produc t ion 
needs of farmers . 

Di fferences in Nutri t iona l Needs of Deve lop ing Countries 

Biochemical  diffe rences in populat ions may play a decisive role 
in the transfer of agricul ture-re lated technology to deve loping 
countr ies . No t a l l  populat ions of the world have the s ame nutritional 
requirement s .  For ins tance , much of the wor ld ' s adu l t  populat ion 
cannot dige s t  the lactose in milk.  The only exceptions are the 
Northern Europeans and the ir descendant s in America and three African 
tribes : Ful ani of Wes t  Afri ca , Tut s i  of Midd le Africa , and Masai of 
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Kenya and Tanzania . Thus the quanti t ies  of milk the Uni ted S tates has 
provided to  deve loping nations for several decade s have been 
indige s tible  to  mos t  of the rec ipients . I f  they drank it in any 
quant i t y , much o f  i t s  protein va lue wa s lost  in the result ing 
diarrhe a .  I n  the Uni ted States , 7 0  percent o f  b lacks are intole rant 
of lac tose ( see Kre t chmer 1 9 7 2 ) . 

In spi te of d iges t ion prob lems , milk has provided needed 
calorie s ,  and under no c irc umstance s should mi lk sh ipments be 
discont inued wi thout provid ing a sub s t i tute . Many dairy produc ts such 
as yogurt and pre s sed cheeses are dige s t ible to non-milk drinkers . 
Al ternat ive ly ,  milk could be treated with a microbial ly produced 
lac t ase to convert lactose into a d igest ible sugar form of glucose and 
fruc tose . 

Patent Laws 

Re cent patent laws and a re lated u . s. Supreme Court decis ion 
could have a chi l l ing effect on col laborat ive res earch between U . S .  
and deve loping country scient i s t s . The Plant Varie ty Protection Ac t 
of 1970 , with its  1980 amendments , extends patent r ights  to breede rs 
of sexua l ly produced p lant s and seed growers . The act appl ie s  t o  
seeds , transplant s ,  and more than 3 5 0  p lant spec ies , inc lud ing 
tomatoe s ,  carrots , cucumbers , okra , celery , and peppers . It a lso 
extends the per iod o f  patent protection for plants from 1 7  to 18  years 
to c onform with the provis ions o f  the Interna tional Convent ion for the 
Protect ion of  New Varie t ies  of  P lant s .  

Such patent laws pre sent a prob lem t o  deve lop ing nations because 
patented seeds are more e xpens ive , and royalties  can place a heavy 
burden on farmers . There was a 1 50 percent rise in the t otal cost  o f  
seeds and plant s used b y  American farme rs be tween 1972  and 1 9 7 7 . 

Al though a nat ion ' s patent laws are not necessarily b ind ing 
interna t iona l ly , technologic a l ly advanced countries are taking new 
measure s t o  pro tect the produc ts o f  expens ive gene tic research . For 
the i r  part , deve loping countries are also concerned about gene t ic 
materi a l  from the ir countries used in fore ign breeding programs . 
Shou ld se lect ion become avai lable that uses that material in the 
breeding l ine ,  the deve loping country mus t  then pay a royalty t o  
purchase the new variety .  

Two countrie s may enter  into  a test ing agreement for  sc ient i f ic 
exchange of germ p lasm .  Unde r these agreements , research 
organi zat ions in devel oping nat ions can use the re sult ing p lant 
varie t ie s  for the i r  own scient i f ic inve s t igat ions . However ,  mo st of 
these re search organizat ions are not equipped to hand le comme rc ia l  
distribution.  If,  for examp le , the Univers i ty o f  Cal i fornia deve loped 
a plant variety with commerc ial appl icat ion in a deve loping country , 
it would probab ly enter into a comme rcial agreement with a firm in 
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that country , presuming the re was protect ion unde r the patent l aws of 
that nat ion. 

One prob lem for deve loping countries i s  that the ir valuab le 
natural re source , the untapped germ p lasm of wild plants , is  not 
patentab le . For example , a prom1a 1ng new p lant d iscovered in a 
deve loping country could be sent via a collaborative program to a U . S . 
sc ient i s t , but that country would rece ive no benefit  from the eventual 
breed ing triumph . Exist ing patent l aws app ly only to p l ant vari e t ies 
that have been manipulated by man or d iscovered as sport s or mutations 
of cultivated plants . 

A re lated u . s .  Supreme Court dec i sion extended patent righ t s  to 
the produc ts  of gene tic enginee r ing . In June 1980 , the Supreme Court 
ruled that new forma of l i fe created in the laboratory are e l igible 
for patents unde r current patent law .  The case , Diamond v .  
Chakrabarty, concerned a sc ient ist  for the Gene ra l  Electric Company 
who developed and pa tented a microorganism that degrades crude o i l  
into carbon dioxide and pro te in.  

CONCLUSION 

Biotechno logy is es sent ial to solving the food produc t ion 
problema of the deve loping world . Ita  success , howeve r ,  depend s on 
realistic  appl icat ions in the context o f  soc iocul tural , economic , and 
po lit ical l imitat ions in each country . As David Saxon , pre s ident of 
the Univers i ty of Cal i fornia , has said , it is becoming urgent that 
both scient i s t s  and the gene ral  pub lic  be able to d i s t inguish the 
credible from the incredible and the science from the pseudosc ience if 
we wish to grasp tangible bene fits  from the abstract and infinite 
pos s ibi l i t ies of  the s c ient i fic wor ld .  
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INTRODUCTION 

Overview of New Biomass Industries 

HENRY R. BUN GAY 

Th e  o i l-import ing nat ions are f ight ing for economic survival because 
fue l cos t s  are rapidly draining the ir f inanc ial re sources . Wor ldwide 
demand for petro leum has dropped because of a surpr i s ingly e f fe c t ive 
conservat ion e f fort based on automob i les  with great ly improved mileage 
and on more sensible use o f  fue ls  for home s ,  buildings , and 
fac tor i e s . Without such conservat ion in the more deve loped nat ions , 
pe tro l e um  price s would cont inue to e scalate , leading to greater 
d i a t re s s  of  many nat ions . Al te rnatives must  be examined , 
nevertheless , and the use of biomass as a feed stock for the fue l and 
chemic a l  indus tries has attrac t ive prospects . In the beginning , 
bioma s a  indus tries should have opportuni t ies  for hea l thy pro f i t s  as 
sma l l  factors in large marke ts  keyed to expensive fos s i l  feedstocks . 
The prices  o f  product s  made from b i omass mus t  be e s tabl i shed to mee t  
compe t ition .  

Other techno logie s for harnes s ing the sun ' s energy have 
monument a l  enginee ring problems . Pho tovol taic sys tems are expens ive 
to c onstruct and require ongoing maintenance and backup or s torage for 
t imes when the sun i s  not shining . Mount ing the se systems in s pace 
and beaming microwave ene rgy cont inuously to the earth seems far t oo 
expensive , especia l ly when the microwave intens i ty may be rough ly the 
s ame as that of sunlight . The ingrained spend ing hab i t s  of space 
programs may prec lude any faint hope of  profit . Boilers powe red by 
focused sun l ight , wind energy , generat ion of e lectric ity using therma l  
di ffe rences i n  t h e  oceans , wave ene rgy , and other  means of  direct or 
ind irec t  harne s s ing o f  solar energy could make s igni ficant 
contribut ions when conditions and logis tics  are favorab le . 

Photosynthes i s  i s  a natural way of harness ing ene rgy from the 
sun ,  and the resu l t ing biomass has some very att ractive features : no 
required backup sys tem as the crop is a form of storage ; good 
reac t ivity ,  e specially for sugary or starchy mate r ials ; stable pr ices 
for c e l lulosic materials because many d i f ferent p lants are roughly 
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equivalent so none need have an exc lus ive market ; and we ll-e s tabl ished 
techno logy for the agricul tura l prac tice s .  Disadvantage s are : w ide 
d i s tribut ion compared to the concentrated depos ita  of coal , o i l , and 
gas ; h igh mois ture content to add ma ss  and lower fue l va lue ; and some 
of  the moa t  promis ing conve r s ion technologies s t i l l  need research and 
deve lopment . 

Al though the re is abundant biomas s  worldwide , many countries  with 
dry c l imates have seve re shortages of trees and othe r  vegetation .  The 
rate o f  growth o f  biomas s  i s  severa l t ime s the rate o f  fos s i l  fue l 
consumpt ion . However , growth of a s tand ing crop depends on plants 
dying and decaying to provide nutrients for new growth . Soil  
fert i l i ty may dec l ine rapidly i f  man inte rcepts growth and doe s not 
re turn nutrients to the land such as organic mat ter,  nitrogen 
compounds ,  and phosphate . B iomass product ion c an be increased 
dramatical ly by us ing fas t-growing spe c ie s  and sound management , but 
there are maximum growth rates and effic iency of capturing sunl igh t .  
There are a l s o  few areas of  the wor ld where water is  ao  abundant that 
i t a  coat  can be discounted . Neverthe less , suffic ient re sources exist 
in various regions , and a shift to large b iomas s indus tries i s  ge t ting 
unde r way . Farms of the future may produce food and f iber and energy 
feeds tock s .  

Biomas s fue l s  wou ld have l e a s  merit  i f  the ir percentage 
contribut ion to total  ene rgy usage dec l ined because consumpt ion of 
other sources  of energy cont inued to soar. However,  al l sourc e s  of 
ene rgy have l imitat ions , and none can keep up with an insat iab le 
demand . It i s  l ike ly that energy coa ts  wi l l  soon be so h igh that 
nations wi l l  approach an energy ceil ing under which b iomass can become 
a s igni ficant contributor.  

Today ' a energy bus iness  col lec t s  fos s i l  gas , coal , or  oil and 
subjects  them to minima l c lean-up and process ing to produce relative ly 
inexpens ive fue l s .  A compet ing biomas s indus try should no t re ly on 
sophi s t icated proces s ing to obtain produc t s  lit t le different from the 
feeds tocks o f  today ' s energy indus trie s .  Biomass convers ion can 
achieve comme rcial  success much sooner i f  i t  ia  focused on more 
valuable , high-qua lity  fue ls  and chemicals  rathe r than on cheap 
subs t i tutes  for gas and heat ing o i l . 

Biomass factories are l imited in s ize because o f  crit ical 
feeds tock logi s t ics . The coa t o f  haul ing feeds tock i s  s ignif i cant , 
and a reasonable plant s ize might be based on dis tances sui tab le for 
loading , hau l ing ,  and unload ing by norma l wo rk sh ifts . Two 
round-trips per truck per day wou ld be · feasible . A fac tory proces sing 
1 , 000 tons of feedstock pe r day ( dry basis ) should be large enough to 
realize economies of scale whi le drawing feeds tock from a 50-80 
kilome ter  (km) radius to keep haul ing cos ta within reason .  Per unit 
of produc t ,  it coa t s  several t ime s aa much to bui ld a sma l l  plant as a 
large plant , giving the latter  a d i s t inc t advantage . Locat ing 
factories near the sourc e o f  biomass would be an economic boon to 
rural areas . 
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Thus for the estab l i shment of b iomass industries , l and mus t  be 
af ford able , and there mus t  be sui table soil  and c l imate for biomass 
cul t ivat ion . Future ferti lize r  and wate r cos ts are unpredictable ; 
b i o l ogical ni trogen fixat ion and the recyc l ing of pho sphates and water 
could  s tabi l ize the costs  for biomass p lantations . It  is d i fficult  to 
e s t ima te real cos t s  given the avai lable subsid ies , deplet ion 
a l l owance s ,  tax incentives , supports in the form of gove rnment 
highways , and the l ike ,  but biomass indus tries wi l l  resemb le 
agribusine s s  with var iat ions due to weathe r  and market interp l ays . 
The pa ttern o f  cos ts  should be steady except for the se perturbat ions . 

BIOMAS S FEEDSTOCKS 

Terre s trial Plants 

New mu l t i-purpose crops that supp ly food , f iber , and chemicals 
may revolut ionize agr icul ture , but exist ing biomass can lead the way . 
Many nat ions have enough trees to supply a large b ioconvers ion 
program , and mos t  agricul tural re sidues are put to poor use . Re s idues 
are usua l l y  left  on the ground to rot , both to provide some eros ion 
contro l and to revert some organic ma t ter  back to the soil . As these 
re s idues are d iverted to  bioconvers ion , new me thods of  soil  management 
mus t  be devise d .  

Some o f  the new crops be ing s tudied have exc it ing prospects . For 
example , mimosa is a woody legume that derives much of i t s  nitrogen 
from the air .  Several plants wi th reasonably high produc tivity can 
thrive in alka l ine soils , and some to lerate quite brackish wa te r .  
Th i s  wou ld a l l ow some pre sently underu t i l ized s o i l s  near sal ine waters 
t o  become important for cul t ivat ing biomas s .  

Aquat i c  Plants 

Wa ter areas can be much less  expens ive than land . Al though fresh 
waters  are usua l ly part of reservoir , shipping , or recreational 
sys tems , there may be opportunit ies  for growing biomass . Clearly , 
streams natura l ly choked by wa te r hyac inth might be dedicated to 
bioma s s  produc t ion . l.ake s ,  s treams , marshes , or fre shwater 
impoundments can be used to grow many d i f fe rent plants , but f loat ing 
spec ies  offer advantages for easy harve s t ing . Hydr i l la , duckweed , and 
various algae show some promise , and wa ter hyac inth is ve ry produc t ive 
in ho t c l imates .  Of the rooted plant s ,  cat tai ls  are part icularly 
att rac t ive because of wide geograph ic range and high produc tivi ty . 

Several aquat ic plants can convert a tmospheric ni trogen,  thus 
el iminat ing or great ly reduc ing the need for chemi ca l fe r t i l ize r .  In 
Ind i a , ni trogen-fixing a lgae are grown in very sha l low ponds , a l lowed 
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to dry , and used as fert i l izer .  Use of the water fe rn Azo l l a ,  which 
has interna l symbiotic a lgae , is a l s o  common in As ia .  Azo l la is an 
ef ficient f ixe r of atmospheric nitrogen and produce s excellent 
fert i l izer for rice f ie lds . It may serve as a good food or as a 
feeds tock for fue l s  or chemicals . 

Marine p lant s have high maximum growth rates , and while  the open 
oceans offer vas t growing areas , the ocean surfaces are unfortunate ly 
too low in nutrient s .  There are scheme s to anchor giant ke lp in the 
oceana and to use wave ac t ion to pump nutrient-laden wate r from the 
depths . Proponent s  of ke lp have promulga ted wildly optimi s t ic y ie l d  
e s t imates and have minimized the prob lema of ke lp nutr i t ion and o f  
economical proces s ing .  A floating mar ine plant with much more 
potent ial is sargassum. It grows in relative ly shal low waters that 
hold nutri t ious part iculate mat ter that would settle in the open 
oceans , and it could poss ibly be harves ted by wind act ion . Some a lgae 
excre te potent ial ly valuab le o i l s  or waxes when they are nitrogen 
defic ient , but rate s are poo r .  Gene t ic modifications might resu l t  in 
s trains with good product ivity . 

Plant s Containing Sugars or Starch 

Land p lants that produce sugars are we l l  known ( au&arcane , map le 
trees , sweet sorghum , sugar bee ts ) .  Al though used mos t ly aa food , 
sugars are also  a source of chemical s .  S tarchy plants such as corn, 
potatoes , and cassava are important foods . In the Uni ted States , 
there i s  suffic ient corn grown to al locate aoae port ion to 
fermentat ion to produce ethano l .  The economics of corn a lcohol , 
however , would be rather unattrac t ive without governmenta l incent ive s .  

Plant Exudates 

Guayule i a  cons idered a prom1a 1ng al ternative to  the rubber 
produced on t ree plantations . Many p lants contain latex or 
suspens ions o f  stero ids , waxes , or hydrocarbons . Mos t  such p l ants are 
found in arid regions and tend to have low growth rates ; mode rn 
genetics  may , however , trans form them into miniature chemical 
factories . Plants that produce hydrocarbons or chemicals direc t ly 
have an exc i t ing future--but for rubber and high va lue organic 
compounds , not for cheap fuel s .  

The exudates from coni ferous t rees  such a a  p ine seem t o  have been 
overlooked as potent ial major contr ibutors for replac ing 
petrochemical s .  Applying the herbicide paraquat t o  pine trees  
inc reases res in and turpent ine yields  seve ra l fo ld , even in  excess  of  
the typica l ly optimi s t ic e s t imates for  exudates from arid  land p l ants 
on a per hectare bas i s . I f  wood and pine chemicals are valuable 
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coproduc t& , the se could be qui te profitable operations . The exi s t ing 
indus try , gum naval s tore s ,  has dec lined because of obsole te 
te chnology and high labo r  cos ts , and new methods would be important in 
exp l o i ting the greatly increased y ields  of exudates ( Layman 1 982) . 

"Ene rgy Cane" 

Unt i l  very recently , only the sucrose in sugarcane at trac ted 
commerc ial  intere s t , and strains were chosen for the highe s t  yield at 
the lowe s t  cos t .  Many o ther s trains that produced excess ive leaves or 
stalks were shelved or  discarded . It is s t i l l  the pract ice in many 
countries  to burn the leaves prior to cutting , thus creat ing air 
pol lution and a hazard if  sudden h igh winds spread the f lames and 
deva s tate adj acent f ie lds . After extrac t ing the sugar , the re s idue 
(bagas se ) is discarded at some sugar refineries , but mo st  now use i t  
to  replace expens ive boi ler fue ls .  

An excit ing program in Puerto Rico is  growing "energy cane" us ing 
sugarcane varie t ies  that produce roughly the same amount of sugar as 
do cus tomary varie t ie s  but with about twice as much tota l biomas s  
(Alexander 1982 ) . Such a crop could provide a reasonab le sugar yield 
and boiler fue l far in excess of  the needs of  the sugar refinery . 
Th is add i t iona l  biomass i s  satis fac tory as fue l for gene rat ion of 
e lectric power , a lthough i t  mus t  be d ried and s i zed for hand l ing and 
burning . Pue rto Rico ' s economy bas suf fe red great ly from increase s in 
the price o f  o i l , so l ower cos t fue l from energy cane is very 
attrac tive.  

THERMOCHEMICAL CONVERSION 

Woody p lants  provide mos t  of the energy in rural regions of many 
nat ions . One survey o f  firewood p l ants has found that a shi ft to 
d i f ferent species cou ld increase the ir ava i lab i l ity in many areas 
( Nat iona l Research Counci l  1980 ) . Today , the technology for burning 
wood ranges from an open f ire to modern ,  f luidized-bed combus t ion o f  
s ized and dried part icles . Even highly deve loped nat ions derive 
s igni ficant bene f i t  from wood for beat ing homes and generat ing powe r ;  
bioma s s  is  l ow i n  sul fur and requires less  pol lut ion control equipment 
than c oa l .  Le ss-deve loped nat ions mus t  balance the greater 
effic ienc ies of cent ra l  power stations burning wood against the coats 
of d i s tribution systems and power l ine losses . 

Thermochemical convers ion of b iomass to fue ls  and chemicals  
copi e s  technologies used for coa l .  Biomass  is  wide ly dis tributed and 
canno t achieve economies of scale anywhe re near those of very large 
c oa l  c onvers ion fac tories ,  but it is quite react ive and may be l e a s  
c os t ly to proces s .  Practical ly any carbonaceous feeds t ock wi l l  
suffice for thermochemical convers ion . 

· .. 
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The opt ions are gas i ficat ion , pyro lys is , and l ique fac t ion . 
Pyrolysis o f  biomass was import ant commerc ially unt i l  di sp laced by 
less  cost ly conve rs ions of pet rol eum. Liquefact ion o f  b iomass 
re quire s high temperature and high pre s sure , and thus a large 
inve stment and high operat ing cos t s . Ne ither of  these thermochemical 
convers ions can compete with gas ification a t  pre sent ( Rogers et a l .  
1981 ) . 

Much more re search has been conduc ted on convers ion o f  c oal than 
on biomass , and exper ience s with large -scale gas i ficat ion such as t he 
SASOL process in South Africa mus t be eva luated ( He y l in 1 9 7 9 ) . Thi s  
process produce s synthe s i s  gas--a mixture of  carbon monoxide and 
hydrogen--which can be used to make many d i f ferent chemicals . 
Methanol i s  the leading candidate for a fue l produc t ,  and ammonia made 
wi th nitrogen from the air and hydrogen from synthe s i s  gas would f i t  
into a b ioma s s  cycle a s  fer t i l izer . Natural gas i s  the pre fe rred 
feeds tock in the United States for synthe s i s  gas--a l though coa l is 
cheaper--because of i t s  ease of  hand l ing and the clean-up problems 
pre sented by coal . B iomas s wou ld have to be re lative ly inexpens ive t o  
become the feeds tock of choice because i t  is  bulky , wide ly 
dis tribu ted , and cos t ly to col lect . 

The numerous des igns deve loped for biomass-based gas i f ie rs have 
large ly been direc ted toward sma l l  uni t s . Apparent ly engineers 
recognize the scale required for an economic ope rat ion and tend to 
think of  gas i ficat ion of biomas s  as an auxil iary operat ion for 
di sposal of  surp lus materia l .  For examp le ,  seve ral de s igns are aimed 
at generation o f  low Btu (Brit ish the rma l  unit ) gas from was te p i l e s  
for loca l use . Large gas ifie rs f o r  coal can se rve as future mod e l s  
for b iomass ;  sma l l  gas i fiers are not yet a part icularly a t trac t ive 
inve s tment . 

Typical schemes for gas ificat ion are shown in Figure 1 .  
Countercurrent f l ow provides heat economy in that the hot gas warms 
the inc oming feedstock. The ve ry rough economic analy s i s  for 
combus tible  gas shown in Figure 2 a l so indicates t he e ffec ts  of  p l ant 
s ize . Al though 1 , 000 t ons per day i s  cons idered a very large s ize f o r  
pulp manufac ture , this i s  re lative ly sma l l  i n  Figure 2 .  Large scale 
also  imp l ies cons iderable risk,  and private companies are re luctant t o  
embark on such a maj or expendi ture without gove rnment he l p  o r  loan 
guarantees . Even the South African ventures are unat trac t ive in the 
present financ ial c l imate , and their product ion of l iquid fue l s  was 
mot ivated mainly by the need to be more independent of o i l  suppl iers 
with hos t i le pol i t ical views . 

Figure 2 shows that a feedstock cost  o f  about $30 per d ry  ton ( t )  
as used i n  other  economic port ions o f  this pape r  would require a 
se l l ing price of $8-9 per mi l l ion Btu o f  product gas . Because thi s  
value i s  s ignificant ly above the present va lue of natural gas , 
gas i ficat ion i s  not now commerc ia l ly viable for biomas s ,  especia l l y  
for sma l l  instal lat ions . Spe c ial circumstances such a s  avai labi l it y  
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Gas __. 

Tar + H20 

C + C02 � 2c0 

C + H20 = CO + H2 

C + 02 • C02 

Disti l lation 

DOWN DRAFT GASI F I E R  

Gas ____. 

Tar + H20 

C + 02 = C02 

C + C02 = 2CO 

C + H20 � CO + H2 

FIGURE 1 Scheme s of the updraft and downdraft gas i f ie rs .  

o f  very low-co s t  feed stock could a l l ow profitable ope ra t ion,  but 
c ompe t ing processes  migh t do be tte r .  

ANAEROBI C  DIGESTION 

Convers ion by anaerobic dige s t ion seems very at trac t ive because 
the proc e s s  require s s imp le equipment and li t t le control . However ,  
there has  been widespread dissat i s fac t ion with operating anaerobic 
d ige s t ion of  sewage s ludge s because the microbial cultures are eas i ly 
ups e t . Anaerobic d igest ion for fue l gas is not l ike ly to be so crude 
and s imple if re l iabi l ity mus t  be as sured . Furthermore ,  the product 
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Be sis: 

Hours per year of -•tlon: 7 .BB4 

Plant l ife: 20 years 

Plant capacity (dry short tons per day of wood) 

10  1 5  20 25 30 
SNG production (bi l l ions of Btu per day) 

35 

Product ion of SNG ( synthe t ic natural gas ) from wood by 
d irec t gasi ficat ion and combined shi f t/me thana t ion : 
e ffect of plant s ize on revenue re quired from the sale 
of SNG by a regulated producer . Source : Kohan et al . 
( 1979 ) • 
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gas i s  rough ly two-thirds methane and one-third carbon d ioxide that 
must be removed to bring the heat ing value up to that of  p ipel ine 
gas .  This  require s  investment i n  a relative ly sophist icated 
puri ficat ion proces s .  

Several c ountries have sponsored maj or programs for generat ion o f  
methane gas with moderate heat ing value from the small-scale digest ion 
of manure s or organic was tes . Ch ina report s fair succe s s ,  but e f fort s  
in Ind ia have a less  favorable eva luat ion. Individual farme rs often 
have insufficient manure or capital , or both , to warrant cons truct ing 
a dige s ter , so seve ral must  band togethe r .  Fair di stribut ion of  gas 
and of the s ludge used as fert i l izer is  dif ficu l t . In any event , some 
instal lations have been abandoned , whi le othe rs appear to work 
reasonably we l l .  

Th e  prospec t s  for anaerobic d ige st ion are improving because o f  
new reactor des igns such a s  those us ing beds packed with organi sms . 
Re ported ly , me thane of 90 percent purity has been obtained from 
digesters packed with immobilized organisms , thus eliminat ing the gas 
purificat ion s teps . Di lute feed streams were used . The pre treatment s 
that aid d ige st ion are much the same as those used for hydrolysis  
processe s  which yie ld more valuable product s .  Thus d igest ion to 
product s  other than methane seems sens ible . Heavi ly loaded dige sters 
tend to  accumu late organic ac id s ,  inhibit ing the product ion o f  
methane . Such short-chain ac ids have reasonable value , but isolat ing 
them from c rude mixtures  could be expens ive . 

The mos t  modern arrangement for digest ion of biomass is the 
two-stage , thermoph i l ic dige ster shown in Figure 3 .  Warm digesters 
can be re lative ly sma l l  because digest ion rates are fast , but some of 
the me thane mus t  be used to heat the diges ter . Al though the 
packed-bed digester  may s oon reach comme rc ial pract ice , construc t ion 
details and mass  trans fer prob lems need more s tudy . 

A rough economic analysis of diges t ion is given in Table l .  
Untreated l ignoc e l lulosic materia ls tend to give conve rs ion yie lds  o f  
about 36 percent of the organic mat te r  (McFar lane and Pfe ffe r  1981 ) . 
While pre tre atment can increase this to about 75 percent , chemical s ,  
heat , labor , and equipment add s igni ficant costs . I t  seems that the 
economics hinge on the cost of feeds tock for anaerobic dige s t ion,  and 
costly feed stocks prec lude the chance of profit unt i l  gas pr ices 
become much higher .  Manures may be cons idered free , but there are 
competing uses such a s  fertil izat ion and other processe s .  

Scale-up i s  less  o f  a prob lem for anaerobic d igest ion than for 
thermochemical proce s ses . For anae robic digest ion us ing reactors 
large in s ize , more modules c ou ld be added to scale up to any des ired 
production rat e ,  and the economies  of scale wou ld be re lative ly mode s t .  
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FIGURE 3 Two-s tage anae robic digest ion. 

ALCOHOL FROM SUGARS 

Gas 

Methane 
production 

Spent 
1---1- sludge 

The a l coho l program in Brazil  is based mainly on sugarc ane , 
a lthough some instal lat ions use other  feedstocks . Juices , extrac t s ,  
o r  mo lasses are fermented to  e thano l by rather convent iona l means , but 
there have been seve ral  inte res t ing improvements such as shortening 
the batch fermentat ion t ime to less  than 10 hours . Proce ss economics 
are not very good , but the bene f i t s  to t he country have been sizab le 
in terms of sparing the high cos t s  of  petroleum import s .  Had the 
Brazi l ian sugar earmarked for ethano l been sold ins tead in t he 
international sugar marke ts , sugar prices would have been qui t e  d i smal 
rather than j us t  severe ly depres sed . Some othe r  nat ions have more 
mode s t  a lcoho l programs and have learned much from Braz i l ian 
experience s .  

Fue l alcoho l made by fermentat ion using corn has a l so been 
marke ted in the Uni ted States . When corn price s are depressed , fue l 
a lcoho l o f fers an alterna t ive use ; howeve r ,  government as s istance in 
various forms has been needed to encourage the produc t i on of fue l 
a lcoho l .  Di s t i l lers ' dried grains ( the term app lied to evapora ted 
bot tom liquor from the distil lat ion s tep)  is sold as catt le feed , 
which repre sents s igni f icant add it ional income . A mass ive fue l 
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TABLE 1 Economics o f  anaerobic dige s t ion to me thane . • 

Required price for produc t gas 
Percent conversion $/m i l lion Btub S/g igaj ou le 

30 39 38 

40 24 23 

60 13 13 

8This tab le i s  based on the following as sumpt ions : ( 1 )  l igno
cellulosic feedstock is pr iced at $27 . 50/dry me tric ton ;  ( 2 ) the 
cost of puri fying me thane i s  not cons idered;  ( 3 )  p lant s i ze i s  454 
tons of feedstock per day ; and (4) a 15  percent yearly return on 
inves tment is obtained . 

bThe present price of natura l gas has passed $6 per mi l l ion B tu .  

SOURCE : Based on Jone s ( 1 980 ) . 

alcohol e f fort based on corn wou ld overwhe lm the marke t s  for this 
by-produc t and make prof its  unlike ly .  

CELLULOSE HYDROLYS IS 

Hydrolysis  of  hemice l lulose to mono- and o l igo- saccharides i s  
easily accomp lished with e ither  ac ids or enzymes . Native cel lulose is 
much more re s i s tant to hydro ly sis because o f  its high ly ordered 
crys tall ine struc ture and the physical  barr ie r of l ignin that 
surrounds the cel lulose f ibers . Some of the most  s triking advances 
made in programs supported by the u. s. Department of Ene rgy have been 
various pre treatments that render cel lulose amenab le to easy 
hydro lys i s . 

The approximate compo s i t ion o f  l ignoce l lulosic materials  i s : 
cellulose , 25-50 pe rcent ; hemicel lulose , 20-35 pe rcent ; and l ignin, 
18-35 percent . Each maj or component shou ld be converted to  produc ts  
to  maximize income and to minimize waste treatment cos t s .  
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Acid Hydrolys is 

Ac id hydrolys is  o f  wood i s  an old technology , and proj ects 
conduc ted during World War II led to the Madison proce ss , which 
opt imized t ime , temperature , and acid s t rength . While  thi s  process  is 
not economical in the Uni ted S tates , other  countries , particularly the 
USSR, have many plants for hydrolyz ing wood to sugars . A few plants 
produce alcohol by ferment ing the sugar , but s ing le-cell  prote in for 
animal feed is  the mos t  common produc t .  Furfura l is somet imes derived 
from the pentose fraction of the hemicel lulose . 

Ac id hydrolys is  leads to a sequence o f  reactions . Hydro lys i s  is 
approximately a thousand t imes fas te r for hemicel lulose than for 
cel lulose . The sugars from each are degraded by acid to res ins , 
polymers , and furfura l derivatives .  React ion conditions are thus set 
for a compromise be tween hydro lysis and degradation such that the 
final mixture conta ins unreac ted biomass , unwanted products , and the 
des ired sugars . S ince the sugars from hemicel lulose are formed early,  
there is  t ime for cons iderab le degradat ion , lead ing to major l os ses . 
Us ing sul furic acid , the maximum yie ld of fermentable sugars i s  about 
55 percent by we ight of s tart ing cel lulose . Super ior pe rformance i s  
obtained with other acids , and me thods are be ing deve loped f o r  more 
economical recove ry of these expensive acid s .  

Hemicel lulose can b e  removed by hydrolys is with d i lute a c i d  with 
very l i t t le e f fect  on the cel lulose . Bac teria , mo lds , and yeast 
produce some ethanol from these sugars , which are predominantly 
xylose ,  but the ir poor tolerance of e thanol prevents i t s  
accumulation . Alcohol-tolerant yeast  now used commerc i a l ly cannot 
ferment xylose . An enzyme can be added to form xylulose from xylose . 
Common yea s t  can then be used to ferment xy lose to e thano l wi th 
exce llent y ie lds . Th is enzyme is ident ical to glucose isomerase , 
which is re lative ly inexpens ive because o f  its  widespread use in 
converting glucose to n igh-fructose syrups for commerc ial  swee teners .  
A serious drawback of this  process  i s  the need to recyc le unreac ted 
xylose back from the fermentat ion s tep to the enzyme in order to 
approach again the concentrations of  the equil ibrium mixture . New 
mutants have isomerase activi ty and thus need no supplemental enzyme , 
but tolerance to e thano l s t i l l  needs improvement . Furthe rmore , 
organisms such as Pachysolen tannophilus , wh ich have the inherent 
abi l i ty to ferment xylose , may be improved enough to me rit comme rcial 
cons iderat ion. Ut i l i z ing hemicel lulose to produce addit ional ethanol 
wi l l  mean a 50-70 percent improvement in produc tivity in fac tories 
us ing biomas s .  

Enzymatic Hydro lys is  

The ra te o f  enzymatic hydrolys is  of  cel lulose is very s l ow unless 
the feeds tock is  pretreated . Fo rtunately , some effec t i ve new 
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pretreatments have been deve loped that result  in yields of over 
90 percent o f  the theore t ical amount of glucose . Thus as the costs o f  
enzymes cont inue t o  drop dramatica l ly , enzyma t ic hydro lys is is  l ike ly 
to become h igh ly prof itab l e .  Enzyme fermentat ion has been so improved 
that there is no need for an enzyme purif icat ion step ,  and f i l tered 
broth can be di luted and added direc t ly to the hydro lys i s  reactor.  

The mo lds that produce cel lulase have been s tud ied intensive ly at 
the u. s. Army Nat ick Labora tories , and these e fforts , in add i t ion to 
those by other groups (particularly at Rutgers University ) , have 
created excel lent s trains . A modi ficat ion o f  the Natick process , 
developed at the Univers ity of Ca l i fornia , Berkeley , has contributed 
engineering improvements and a l ternat ive treatments .  

The Gul f  Oil  Chemicals  Company has terminated res earch and 
development on i t s  process  and has donated rights  to the Univers i ty o f  
Arkansas . I n  this process , feedback inhibit ion b y  sugars o f  the 
enzymes does not occur because e thano l format ion proceeds 
simul taneou s ly with saccharificat ion . Munic ipal solid was tes w i l l  be 
used , and c redits  are taken for was te disposal when e s t imat ing cos t s .  
There seems t o  b e  some difficul ty i n  reduc ing the feedstock t o  a s ize 
suitable for b ioconvers ion because in the des ign of one factory , ba l l  
mill ing accounts for ove r one-third o f  the capital cos t .  Na tick 
workers have shown that two-ro l l  wet mi l l ing i s  e f fect ive with was te 
paper and less  expens ive than mi ll ing or grind ing . Re sidues from the 
Arkansas experiments have been fed to anima l s , but i t  is unl ike ly that 
regulatory agenc ies wi l l  approve meat from these animals  for human 
consumpt ion .  

The succe s s  o f  biomass  re f ineries depends upon convert ing a l l  o f  
the maj o r  components to va luab le products . Despite vas t  markets for 
ethano l ,  sales  of  e thanol alone wi l l  probab ly not result  in a 
profitab le operat ion .  Inabil i ty to f ind buyers for the large amounts 
of lignin produced could l imit the cons truct ion of  new re fineries .  
Because l ignin burns we l l ,  it could defray most  o f  the fac tory fue l 
costs . Furthermore , the availabi l i ty of large amount s of re lat ive ly 
inexpens ive lignin should be a s t imulus to f ind ing more valuable 
uses . 

Direct B ioconvers ion to Ethano l 

The use o f  expens ive enzymes to hydrolyze ce l lulose to glucose 
for fermentat ion could become obsolete be fore its first commercial 
tests i f  a proj ect a t  the Massachusetts  Ins t i tute o f  Techno logy (HIT) 
succeed s . HIT researchers are seeking direct fermentat ion of l igno
cellulose with anaerobic organisms that first hydro lyze to sugars and 
then ferment the sugars to ethanol (Avgerinos and Wang 1980 ) . This 
process is relat ive ly inexpens ive compared to producing cel lulase 
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enzyme s with a high ly agitated ae robic fe rmentat ion because l i t t le 
mixing and no aerat ion are emp loyed . Coarse ly shredded biomass  ( corn 
stover seems be st  at present ) is  brought in contact with an organi sm 
that hydrolyzes both the ce l lulose and hemice l lu lose but ferment s only 
the re sult ing g lucose . A second organi sm i s  added later to fe rment 
sugars from hemice l lulose to e thano l .  Unreacted feed stock is dried 
and burned for powe r .  Because the proce ss i s  s imp le and there is  
l i t t le inves tment in treat ing the feedstock, profits  are pos s ib le with 
a low conversion to produc t s .  I f  conve rs ion of cel lulose is  too low ,  
the factory may produce too much excess  powe r ,  and the marke t ing o f  
such a product mix wou ld be compl icated.  

MIT  has  deve loped several microbial mut ants that  produce mos t ly 
ethano l and few by-produc ts when grown on puri f ied ce l lu lose . 
However ,  actual feedstocks do not work as we l l ,  and too much ace t ic 
acid i s produced .  Furthe r improvement of the culture should solve 
thi s  problem .  

Li gnin-Oriented Proce sses 

For some years , the re has been intere s t  in removing l ignin from 
wood fibers by extrac t ion with an organic so lvent . With this  method 
the l ignin i s  not damaged and could command a premium price as a 
substi tute for phenol in phenol-formaldehyde plastics or for various 
formulations such as adhes ive s and o i l  we l l  dri l l ing mud s .  I f  l ignin 
and produc ts from hemice l lu lose are used to defray cos ts , solvent 
pulp ing may compete with trad i t ional pulp ing me thod s .  Th e  prob lem,  
however ,  is  e f f ic ient recove ry o f  expens ive so lvents , which is 
compl icated by absorption to the ce l lulose frac t ion. 

Two groups have deve loped processes for so lvent pulping that 
emphas ize l ignin recove ry . Each yie lds several products  and uses  a 
mi ld t reatment so tha t the l ignin frac tions are re lative ly unaffec ted 
and remain reac tive . Such l ignin i s  much superior to the damaged , 
sub s t i tuted material that results  from pape r pulp ing by t he 
convent ional Kra ft  and sulphite proce sse s .  

The Biological  Ene rgy Corporation p roce ss--a col laborat ive e f fort 
among the Gene ra l Electric  Company , University of Pennsy lvania ,  
Hanneman Med ica l Center , and Lehigh University--use s a lcoho l i c  
so lvents with a c i d  o r  alka l i  to extrac t l ignin from wood chips wh i le 
simul taneou s ly hydrolyz ing the hemice l lulose to soluble mixed s ugars 
( see Figure 4 ) . Lignin prec ipitates as the extract i s  evaporated to a 
sugar syrup , and the vapors go to solvent recovery .  The so lids f rom 
the wood chip extract ion are c e l lulose wi th desirab le propert ies  for 
use in pape r .  Comme rcial success , however ,  hinges on so lvent 
re covery , and it is d i f ficu lt  to erase the last  trace s of so lvent from 
the ce l lulos e .  
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The Ba t t e l le-Geneva Corpora t ion pulp ing proce ss d i f fe rs primar ily 
in that i t  uses phenol ra ther than a lcoho l ( see Figure 4 ) .  Ho t water 
and phenol are mi scible and disso lve l ignin whi le hydrolyzing the 
hemice l lulose . Upon coo l ing ,  a water-rich laye r containing the sugars 
and a phenol-rich laye r conta ining the l ignin are formed . Aga in ,  a 
key e conomic fac tor i s  recovery , and pheno l is more d i f ficu l t  to 
recove r than common alcoho l s .  Economic informat ion re leased by 
Ba t t e l le-Geneva is shown in Table 2. Plant cos t is  roughly the same 
as for other processes  for re fining l ignocel lulosic ma terial s .  

Steam explos ion o f  wood chips t o  make a f i l ler for cons truc t ion 
mate rials  such as '� sonite " is we l l  known . In this process , the 
cel lular s truc ture of wood is impregnated with steam and thus  
dis integrates  when the steam is  suddenly expanded .  However , because 
ce l lu lo s ic f ibe rs are shortened and weakened , the re is l i t t le prospect 
o f  manufac turing good pape r  produc ts by s team explos ion . A Canad ian 
company , S t ake Technology , u t i lizes a cont inuous proce ss us ing a 
mechanical screw plus s team to explode wood chips . The p roduct is 
more dige s t ible than wood by cat t le and could be frac t ionated to 
lignin and to hemice l lulose sugars and ce l lulose . 

Another Canadian company , Iotech , uses s team exp los ion as a 
pre t reatment for ce l lulose hydrolysis  and opt imizes the t ime and 
temperatures in a gun for batch explos ion o f  wood chips ( see 
Figure 4 ) . The cost i s  the same as or less than t hat for the s ize 
reduc t ion s teps of other schemes proposed for wood hydro lys i s .  Thus 
pretreatment accompli she s mul t ip le purposes : cel lulose is  weakened 
for easier enzymatic  hydro lysis , hemice l lu lose is hydrolyzed and 
partia l ly de stroyed , and l ignin is me l ted and more e a s i ly remove d .  

The choice between organic solvent pulping o f  wood and s t eam 
explos ion wi l l  depend on the va lue of the products . Pape r pulp 
commands a re lative ly high price compared to g lucose from hydro lyzing 
the cel lulos e ,  and this  may just i fy the cost  of solvent t reatment . 
The l ignin from the Io tech process  is eas i ly recove red by extract ion 
with dilute  alka l i . As ye t there are no c laims for supe r ior i ty by 
either o f  the groups extract ing l ignin with so lvents or the Iotech 
Corporation.  I f  cel lulose in the Iotech process  can be tai lored to  
uses  that riva l the  value o f  paper pul p ,  this  a l l-aqueous techno logy 
should be highly profitable . About 7 percent of the exploded wood 
goes to the produc t ion of cel lulase enzyme s .  Ce l lulase broth is added 
direc t ly to the rest  of the wood to achieve bet ter than 85 percent of 
the theore tical glucose from c e l lulose . Hemicel lulose hydro lyze s 
readi ly during s team explos ion and is washed out as a solu t i on to be 
evapora ted to a syrup for feeding cat t le . So l id res idue from 
enzymatic hydrolys i s  is rich in l ignin that can be recove red in qui te 
pure form by extrac t ion with d i lute alka li ,  or the res idue can be sold 
d i rectly for adhe s ive app l icat ions such as bind ing of plywood or 
ch i pboard where some inert fil lers are de s irab le in the re s in.  
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FIGURE 4 Three biomass re fining process . 
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TABLE 2 Economics of b iomas s  re f ining :  Battel le-Geneva and Iotech 
proces se s .  

BATTELLE-GENEVA PROCESS8 

Plant s ize : 

Capital investment : 

Feedstock coa t :  

Labor , materials , chemicals 

Produc t va lue : 
Ce l lu lose pulp @ $350 /t 
Pentoae syrup @$ . 08/ lb 
Lignin @ $ . 15 /l bc 

IOTECH PROCESSd 

Pl ant s i ze :  

Capital inve s tment : 

Proj ected produc t ion coa ts : 

Raw materials 
Energy 
Maintenance 
Depre c iat ion 
Overhead 
Dire c t  labor 

Apportioned uni t cost 

Probabl e  se l l ing price ( per kg ) 

700 t /day woodb 

$ 34 mi l l ion 

$7 . 5  mi l l ion/yr 

$14 mi l l ion/yr 

$35 mill ion/yr 
$ 7 mi l l ion/yr 
$15  mi l l ion/yr 

1 , 000 t /day wood 

$ 70 mil l ion 

Syrup cost ror kg (dry )  
0 . 021 

. 021 

. 0 13 

. 013 

. 009 

. 003 

$0 . 080 

$0 . 170 

Lignin coa t ror kg 

$0 . 131  

$0 . 440 

•De r ived from informat ion in Krieger ( 1982) . 
bNe e ded to produce 1 00 , 000 t /yr ce l lulose pulp . 
CLignin goes to phenol and o i l .  
doa t a  provided b y  the Iotech Corporat ion and taken from Bungay 

( 1 981 ) . 

.. .  
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Te s t s  of the Iotech process  on a 1 , 000- l i te r  scale at t he Gu l f  
p i l o t  plant i n  Kansas achieved about 90 perc ent of  the theore t ical 
glucose from ce l lulose , and fe rmentat i on to ethanol performed we l l .  
Re c ipe s  for wood b inders us ing the lignin have rece ived favorable 
eva luat ions by potent ial custome rs . Finally , the first Iotech fac tory 
may be bui lt  in New York State . Because the initial produc t s  wi l l  be 
syrups and l ignin , capital  cos ts wi l l  be kept down and plant s tart-up 
wil l be eas ier . Fe rmentat ion products such as e thanol are proj ects 
for the future . Economics furnished by the Iotech Corporat ion are 
shown in Tab le 2 .  

Another advance that w i l l  lower the cost o f  enzyme s i s  
recyc l ing . O f  the dozen o r  s o  components o f  cel lulase , seve ra l  bind 
s trong ly to cel lulose . These can be recovered eas i ly from the 
hydrolysate by ad sorpt ion on cel lulos ic mate rial which can then be 
b lended with the solids fed to hydro lys i s .  A fract ion o f  the enzymes 
on the so lid res idue from hydrolys is  can be desorbed by s imp l e  means 
( Sinitsyn e t  a l .  1982 ) , and the extrac t can be used to supplement the 
fresh enzyme . Be ta-glucos idase , a key component that splits  
cel lobiose to glucose , i s  not  very s table and cannot be recovered by 
any me thod based on adsorption on cel lulos e .  Low-cost beta
glucos idase can , howeve r ,  be obta ined by a separate fermentat ion . 
There are already ind icat ions that about 50 pe rcent of the ce l lulose 
can be re cyc led , and the impact on costs  wi l l  be dramatic . 

Another possible product is the leafy res idue res u l t ing i f  trees 
are harves ted whi le green . Prot e in content is about 2 3  percent , and 
s imi lar ma terial is sold in Europe as catt le feed . However ,  when 
ent ire trees  are collected , soil  fert i l ity wi l l  dec line quickly unless 
fer t i l izers are used . 

ENERGY BALANCES 

Energy ba lances and energy e f f ic iency o f  processes  have been 
disputed at great leng th with l i t t le regard for the more important 
que s t ion of economic s .  It is , o f  course , sense less  to produce e thanol 
as a gasol ine subs titute if it takes as much or more gasol ine to 
produce the e thano l .  When the ene rgy needed to pump i rr igat ion water, 
manufac ture fert i l izer and farm machine ry ,  fue l both agricul ture and 
the convers ion factories , and mee t  a l l  other requirements  i s  added up , 
i t  is d i fficult  to show a pos i t ive ene rgy balance . However ,  for a 
re s idue such as corn stover ,  the main c rop has a l ready paid for many 
of  the se expenditures . Le s s  va luable tree species  require l i t t le 
energy inves tment because the harve st ing mach inery is usua l ly in place 
for the principal tree s .  Neve rtheless , a p lantation maintained 
exc lusive ly for b iomass  mus t  be very energy conscious . The ideal 
wou ld be a mu l t i-purpose crop with food or fibe r  produc ts  of high 
value to de fray costs . 
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Processes  with ene rgy savings have a lready been quite 
succe s s ful . For example , o lder d i s t i l lat ion techno logy for e thano l 
required more heat ene rgy than the heat of combust ion of the product .  
Today , good eng ineering with heat exchangers and vapor recompress ion 
to power subsequent dist i l lat ion stages can save two-thirds of the 
distil lat ion energy , but with a marked increase in e quipment cos t s .  
Substi tut ing other procedures for a l l  or for part o f  d i s t i l l a t ion can 
be high ly cos t e f fect ive . Vapor phase drying of e thanol reduces the 
energy for recovery to about 20 pe rcent of  the heat of combus t ion of 
the product e thano l .  Another attract ive opt ion i s  to  puri fy the 
ethano l part i a l ly by d i s t i l la t ion and to extrac t into gasol ine to  
obtain gasoho l dire c t ly .  

CONCLUSION 

In a deve loped nat ion with s o l id marke ts  for organic chemica l s ,  
b iomass re fining w i l l  b e  highly profitable . Other countries  may find 
i t  more exped ient to burn biomass as an eas i ly imp lementab le solut ion 
to finding subs t i tutes for imported oi l .  Gas i f icat ion of b iomass  and 
anaerobi c  d ige st ion to me thane have inherent l imitations tha t  require 
cheap feed s tocks , and othe r  circumstances  must be favorable to j ust ify 
an inve s tment . New d igester des igns may improve prospects  for 
methane , but new designs for fermenters to aid b iomass re fining are 
also appearing . 

There are good prospects  that the private sec tor wi l l  
commercial ize processes  for b iomass  fue ls and chemicals  with l i t t le 
need for government help . Neverthe less , gove rnment s mus t  be 
sympathe t i c  and real i ze that compe t ing industries have many kinds of 
d irect  and indire c t  sub s idies . Biomass  should be g iven a chance to 
compe te fa i r ly without prejudice . 
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Biomedical and Biological Application of Monoclonal 
Antibody Technology in Developing Countries 

WILLIAM C. DAVIS, TRAVIS C. McGUIRE, and LANCE E. PERRYMAN 

INTRODUCTION 

No s ingle d i scovery bas bad a greater impact on the deve lopment of  
medicine and biology than the  f inding that exposure to a pathogen or 
other fore ign ant igenic subs tance e l ic i t s  the format ion of a set  of 
unique serum g lycoprotein& ( ant ibodie s )  that react spec ifica l ly with 
the ant igen. This s imple observation at  the turn of the century led 
to the devel opment of serological techniques for such var ied purpose s 
as the ident i ficat ion o f  pathogenic organisms and b lood typing to 
distinguish heritable differences in b l ood group antigens . 

The subsequent recognit ion that these ant isera ac tua l ly c ontain 
antibodies with many spec ific react ivities revealed a much greater 
potent ial for the use o f  serological techniques in biological 
analy s i s . Through re finement s in immunizat ion procedures and 
sequent ial absorpt ion ,  it vas found tha t certain ant isera could 
dist ingu i sh mu l t iple f ine d i f ferences in the ant igenic compos i t ion of 
whole organisms as wel l  as d i f ferences in complex mol ecules of  
biological or synthe t ic origin. This  f inding , in turn , led  to a vide 
range of appl icat ions of serological techniques in biology and 
medic ine . The only l imitat ions to the use of se rum as a source of 
ant ibody were ( 1 ) the need to cons tant ly reproduce and standard ize 
reagents where there vas a cont inuing requirement for a spec i f ic 
reagent , and ( 2 )  the inabi l ity to contro l the quantitative c ompos i t ion 
of the antibod ies synthesized . The latter l imitation re stricted the 
ful l  potent ial of ant ibodies as a bioana lyt ical too l .  

The mos t  recent turn i n  this saga o f  events bas been the finding 
that it i s pos s ib le to immortalize ind ividua l , ant ibody-producing 
ce l l s  ( s ingle c lone s ) by hybridization with tis sue culture-adapted 
pl asma tumor cel l s .  This deve lopment has launched a new e ra o f  
excep t iona l dimens ion and potent ia l .  The abi l i ty to construct hybrids 
that p roduce ant ibodies of  a given c lass , specificity , and a f fini ty 
has p rovided scient ists  with a tool that permi ts  the analys i s  of 
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virtua l ly any ant igenic molecule . S ince the initial  d iscovery u sing 
m ice and plasma tumor c e l l  l ines derived from mice , useful  p la sma 
tumor ce l l  l i nes have been ident i f ied in rat s  and humans . Thi s  
finding has expanded the potent ial of  making monoc lonal ant ibod ies in 
man as we l l  as in rodent s .  

This  d i scovery i s  s o  recent that its  potent ial bas only begun to 
be rea lized . The findings that have a l re ady emerged f rom app licat ion 
of the technology , however ,  have revealed the t ip of the iceberg . For 
example , the use of monoc lonal  antibodies to study rab ies has revealed 
unsuspected d iversity in the ant igenic composit ion o f  the causat ive 
virus and the reason that exis t ing vacc ines have fai led to provide 
protect ion in a l l  part s of the world . The impl icat ion of the finding 
i s  that many of the disease-caus ing organi sms for humans , anima l s , and 
p l ants may possess  s imi lar d ivers ity not recognized by c onvent ional 
serological diagnostic  reagent s .  Applicat ion of the techno logy to the 
s tudy of malaria and trypanosomiasis  has provided the first  maj or  
breakthrough in ana ly s i s  of their antigenic composit ion and c lues as  
to how e ffec t ive vacc ine s can be made to reduce the inc idence o f  these 
devastating di sease s . Appl icat ion of the technology to study of  the 
c e l l s  that regulate the qua l ity and expres s ion of the immune response 
has a l lowed inve s t igation of the immune response in humans and animals 
with precis ion heretofore only pos s ib le wi th inbred s trains of animals. 

Conventional methods of serology are now be ing supplanted with 
those using monoc lonal ant ibodie s .  Thus the impact o f  the technology 
is only beginning to be fe lt  even in deve loped countries . The 
impl ications are c lear , however ,  for emerg ing nat ions . Immediate 
benefits  wi l l  accrue with the augmentation of exist ing methods of  
diagnosing disease and the deve lopment of  vac cines . Moreover ,  this  
technology affords an opportunity to make major advances in human and 
animal medic ine over a shorter t ime at great ly reduced cos t .  It a l so 
provides a mechani sm for improving specific  food product ion industries . 

Thi s  report ind icates where immediate and future bene f i t s  wi l l  
accrue from monoc lona l antibody technology and provides information on 
the requirements for setting up a laboratory and produc ing monoc lonal 
antibodies .  

APPLICATIONS OF MONOCLONAL 
ANTIBODY TECHNOLOGY 

Medical 

Control of  a disease can be exe rc i sed at various stages during 
i t s  deve lopment . For examp le ,  d iagnosis  of an infect ion is followed 
by e i ther t reatment of the d isease , isolat ion of  the infected 
ind ividual in order to limit spread of the infection to suscep tible 
individuals  or groups , or both . Infect ions are usually  prevented by 
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means o f  vaccinat ion, which increases the number of immune individua l s  
and thereby decreases the spread of  infect ion. Other methods can a l s o  
b e  used ; in the c a s e  of vector-bo rne diseases , the vec tor can be 
eliminated . 

The med ical uses of monoc lonal ant ibodie s can bes t be 
demonst rated in the areas of d iagnosis , treatment , and prevent ion of 
disease . Obviously .  a variety o f  other uses can be envisioned . 

Diagno s i s . Detec t ion of the presence of a pathogen , chemica l ,  
drug , or metabo l i te usua l ly depends o n  e ither i t s  pre sence o r  the 
presence  of a spec i f ical ly as sociated subs tance . To diagnose 
infec t ious d i seases , it is o ften necessary to demons trate the pre sence 
of the causative organi sm or a speci fic immune response to the 
causat ive organism .  For many infec t ious d iseases . i t  i s  poss ib le to 
demons t rate the causat ive organism throughout most of the course of 
the i nfect ion ;  examples inc lude venereal d i seases caused by gonococcal 
and chlamyd ia! organi sms . In this case , an ant ibody-based test  
spec i f ically ident i fies the various organi sms associated with a 
part icular venerea l disease and provide s means for diagnosis . 
Monoc lonal ant ibodies are part icularly useful for such tes ts  because 
they can be formulated to recognize unique ant igens on particular 
organisms . They can also be made to recognize only one type of 
organism and not cross-react with c losely related organi sms , a l l owing 
a very spec i f ic d iagno s i s .  

Monoc lonal ant ibodies have a n  advantage ove r polyc lonal ant isera 
( convent ional antisera prepared in animal s ) in that they re ac t with 
only one determinant and molecules re lated to that det erminant . 
Res tricted reac t ivity al lows for precise screening to find those 
monoc lonal ant ibodies unique to the organism of intere s t . In 
add ition .  once a suitable monoc lonal antibody has been ident if ied , it 
can be reproduced indefinitely , providing a s tandard ized reagent . In 
contra s t , po lyc lona l antisera usua l ly require extensive . l aborious 
abs orp t ions to remove c ros s-reac t ions and to obtain spec ific  
reactivi ty . Requirements for  batches of antisera from d i f ferent 
anima l s  and absorptions make s tandard izat ion of polyc lonal ant isera 
dif ficul t  and some t ime s imposs ible . The examp le of the use of 
monoc lonal ant ibodies to d iagnose venereal  d isease can be app l ied to 
any disease or group of  di seases where the caus ative agent is  
ant igenically d i s t inct . 

For many infect ious d i seases . detec table organisms are pre sent in 
the les ion . blood . or  secretions for only a few days in the ini t ial 
phase  of the d i sease . De tect ion during such a re lative ly short phase 
of the process  is not a suitable bas is for a diagnos tic  test . In many 
pers istent infec t ions . the organi sms are present in too l ow a number 
or are complexed with the host  ant ibody . thereby prevent ing 
detection . In mos t s ituat ions in which organism detect ion is not a 
feas ible bas is  for diagnos is . measurement of an ant ibody response to 
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the causat ive organism forms the bas i s  for the diagnos t i c  test . Such 
tes ts  require the use of the organism or ant igens derived from the 
organism to react with serum or secre t ions to assay for the presence 
of an ant ibody . 

Monoc lonal ant ibody technology has proven useful in improving 
test s  for measuring ant ibody response . One improvement i s  use o f  
monoc lonal ant ibody to  iso late the ant igen to  b e  used i n  the t es t .  
This  i s  accomplished b y  making a monoc lona l ant ibody t o  the spec i f ic 
organism or to an ant igen of the organism. The ant ibody i s  then mad e  
i n  large quant i t ies , isolated b y  routine procedures , and attached t o  
agarose beads b y  a cyanogen bromide coupl ing procedure . The 
ant ibody-coa ted beads are then reac ted with a hete rogeneous mixture 
containing the ant igen of interes t ,  washed thoroughly , and the ant igen 
i s  e luted from the matrix . The pur i f ied ant igen is then used to 
determine the presence or absence o f  antibody in the infected hos t . 
An isolated antigen e l iminates cross-reac tions with ant ibod ies to 
other organisms that occur and confuse interpretat ion of  results  whe n  
crude ant igens are used for detecti on o f  antibody . 

A second improvement in tests  for ant ibody in the host can be 
made with monoc lona l  ant ibodies that bypass  the need for l arge 
quant it ies of ant igen derived from the organism of intere s t . In t h i s  
case , a monoc lonal antibody is  made to a n  ant igen i n  or o n  the same 
organism for which ant ibody is also  made in the infected hos t .  The 
monoclonal ant ibody i s  then us ed as antigen to make a monoc lonal 
ant i-idiotypic ant ibody , which reac t s  with a part of the b inding s i t e  
on the s tart ing monoc lonal ant ibody . Under certain c i rcumstances , 
react ion of the monoc lonal ant ibody to organism-derived ant igen and 
the monoc lonal anti-idiotypic antibody can be inhibited by the 
organism .  Such a reac t ion can be used to search for the organism 
during isolat ion procedures and in t i s sues and f luid s .  In add ition,  
i f  the monoc lonal ant ibody and ant ibodies made by the hos t  reac t with 
the same determinant on the organism, the react ion of the monoc lonal 
ant ibody , to  e i ther the organismal ant igen or  the monoc lonal 
ant i-idotypic ant ibody , wil l  be inhibi ted by ant ibod ies present in t he 
serum or fluids of the infected ind ividual s .  I n  the lat ter case , 
ant ibodies in the infec ted ind ividual would react with the monoc lona l 
ant i-idiotypic ant ibodies and block the ir react ion wi th the monoc lonal 
ant ibody to the organism. This  type of teat requires that some of  t he 
host ant ibodies and the monoc lonal ant ibody to an organismal antigen 
recognize the same ant igenic determinant and that the monoclonal 
ant i-idiotype ant ibody recognize the b inding site  on both the hos t  
ant ibod ies and the monoc lonal ant ibody . If these cond i t ions can be 
met ,  then a test for hos t  ant ibodies to an organiamal ant igen c an be 
made without the laborious task of preparing antigen from the 
organism.  Th i s  type of  tes t w i l l  prove useful for  d iagno s i s  of  
parasi ti c ,  vira l , bac terial , and fungal diseases where defined 
ant igens are unava i lable . 
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In noninfect ious diseases such as those of the endocrine sys tem , 
a variety o f  monoc lonal ant ibodies are already in use to measure 
concentrations of hormones in body f luids . Simil ar as say systems can 
be made for any chemica l , drug , body metabo l i te , or other subs tance t o  
which a monoc lona l ant ibody can b e  made . Perhaps the be s t  examp le i s  
the measurement of  embryonic ant igens that are expressed i n  the case 
of intes tina l  adenocarc inoma s .  The app licat ion of monoc lonal 
ant ibodies to the d iagno s i s  o f  a variety of hormonal , neoplast ic , 
metabol ic , infectious , and other d iseases wi l l  certainly increase as 
the repertoire of monoc lonal ant ibodies increases . 

Treatment . For monoc lonal antibodies to be moat  effective , i t  
may be necessary t o  produce those of  the same type as  the species into 
which they are injected for t reatment . For example , mouse antibod ies  
to  i s o typic de terminants on the IgM of  neopla stic  B lymphocytes o f 
people are use ful as a t reatment unt i l  the individual be ing treated 
makes ant ibodies ( part i cularly ant i-idiotype ) to  the mouse 
ant ibod ies . Thereafter , any furthe r  inject ion of monoclonal 
ant ibod ies of mouse origin is quickly removed . Furthermore , the 
antigen-antibody complexes formed might resul t  in serum s ickness . 

The pre ferred treatment i s  with monoc lonal ant ibodies of human 
origin made from a fus ion o f  human lymphocytes with a mouse o r  human 
pl asma tumor cel l .  Human cel l l ines that fuse with human lymphocytes 
have been deve loped for use in making antibodies for treatment of 
people , but this relative ly new deve lopment has not been estab l i shed 
clini c a l ly . The s ame rat ionale is t rue when us ing monoc lonal 
antibodies in the treatment of animal d isease . 

I t  should be kept in mind that monoc lona l  antibod ies made from 
fus ions in the mouse system can be used in humans and o ther animals  
only on a s ingle or ve ry short-term bas is . For example , mouse 
monoc l onal ant ibodies could be used on a one-t ime emergency basis  for 
treatment or protect ion after exposure to tetanus , botul i sm ,  snake 
venoms , rab ies , herpes B ,  or Marburg viruses .  Monoc lonal ant ibodies 
could also be used to treat several serious vi ral infect ions for which 
adequate vacc ines are not current ly availab l e .  

In certain anima l diseases such a s  d iarrhea o f  ca lve s  caused by 
E. c o l i  infect ion, monoc lonal ant ibod ies to the p i l i  of the organism 
;igh t  be given oral ly to protect against the disease.  This  would be a 
part icularly e ffec t ive therapy i f  monoc lonal ant ibod ies of bovine cow 
origin , lgA type mixed with secre tory piec e ,  were used ; l arge 
quanti t ies  of ant ibody to the ant igenic determinant s that g ive a 
pro t e c t ive e f fect  could be administered . 

The many other possibil i ties for monoc lonal antibody t reatment o f  
important animal diseases may b e  of spec ial interest  t o  deve loping 
countries  attempt ing to improve animal produc tion. 

Prevent ion (Vacc ination) . The best examp le of disease prevention 
using monoc lonal ant ibodies is  vaccine produc t ion. Monoc lonal 
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ant ibodies can be used to iden t i fy and isolate antigens from a l l  t ype s 
of organisms caus ing infect ious d isease , and the antigens can then be 
used as vaccines . 

Vacc ines are not yet avai lable for a variety of infec tious 
diseases , part icularly for complex protozoan organi sms such as ma laria 
and trypanosome& . Malarial parasites have e laborate l i fe cyc les and , 
therefore , are di fficult to study . Howeve r ,  evidence sugge sts  that 
effect ive immunity migh t  be obtained i f  antibodies could be induced to 
antigens present on the deve lopmental  forms of the paras ite .  For 
instance , when monoclonal ant ibod ies to malaria sporozoite& were g iven 
to mice prior to infection,  subsequent infec tion was prevented . Thus 
in a s ing le experiment a determinant on the d i f f icul t-to-iso late 
sporozoi te stage of  the malarial o rgani sm was ident if ied , and the 
solut ion to a maj or disease was brought c loser. With the monoc lonal 
ant ibody availab l e ,  it wi l l  now be pos s ib le to isolate the molecule 
carrying the determinant by affinity chromatography and to test i t s  
capab i l i ty to induce protec t ive ant ibodies when inj ected a s  a 
potent ial vac cine . 

S imilar approaches can be used to find antigens on o ther 
infectious organisms that wi l l  induce protective immune responses .  
Th i s  procedure i s  by no means l imited to s ingle-ce l l  paras i te s ; i t  
extend s  to al l type s of pathogens and may be o f  except ional va lue with 
complex paras ites . Monoclonal ant ibody technology migh t  we l l  prove t o  
b e  the technological breakthrough needed to help with mul t ice l lular 
parasites as  we l l .  

In add it ion t o  us ing monoclonal ant ibodies t o  ident i fy and 
charac terize antigens that can be used for vaccination ,  the process  
can be carried one s tep further .  Monoc lonal ant ibodies can also  be 
used to deve l op synthet ic vacc ines as we l l  as antigens for diagnos t ic 
assays . For example , i f  the ant igenic determinant o f  intere s t  i s  o n  a 
protein, the prote in can be digested into sma l l  polypeptides and the 
polypept ide reac t ing with the monoc lonal ant ibody isolated by affinity 
chromatography . The amino acid sequence of the po lypept ide c an then 
be determined . As suming the number o f  amino ac ids compos ing the 
critical de terminant is from 7 to 20 , the polypep t ide can be 
synthes i zed and coupled to a suitable carrier molecule , inj ec ted into 
test  animals , and evaluated for i ts abi l i ty to induce a protective 
immune re sponse . Antigens that fai l  to e l icit  immuni ty when present 
in the organi sm can be engineered so  that they bec ome more immunogenic 
and , as a re sult , more e ffec t ive vaccines . 

One nove l app l icat ion of monoc lonal ant ibod ies in deriving a 
vacc ine i s  the use of monoc lonal ant i-id iotypic ant ibodies as 
antigen. For examp le , c lonal anti -idiotypic antibod ies made against 
monoc lonal ant ibody to variant surface g lycoprotein o f  an African 
trypanosome were used to induce ant ibod ies in mice that would 
neutral ize the trypanosome . These ant ibodies were then used to i nduce 
the format ion of an ant i-idiotypic ant ibody . 
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How do anti-idiotypic ant ibod ies when inj ected into animals  
induce the produc t ion o f  ant ibod ies that  recognize the s ame antigen 
used to make the original monoclona l ant ibody ? The bind ing s i te on 
the monoc lonal ant ibody that recognizes the ant igen has unique 
de terminant s ( idiotypes ) that are rec ognized by the monoc lonal  
ant i-idiotypic ant ibody . The idiotype is  involved in bind ing to  the 
natu ra l ant igen . The recognit ion of the idiotype by an anti-idiotypic 
an t ibody requires a s imilar interac t ion. In thi s  instance , however,  
the bind i ng s ite of  the anti -idiotypic ant ibody mimics the 
a rchi te c tural configuration of the natural ant igen so accurate ly tha t 
the anti-idiotypic ant ibody can e l i c i t  a response comparable to that 
of the natural ant igen , and this obviates the need for ant igen in the 
vacc ine . It i s apparent that not a l l  anti -idiotypic ant ibod ies can be 
u sed as  ant igen , s ince not a l l  of the ant ibodies pos sess regions of 
the bind ing s i te that corre c t ly mimic the ant igen. 

Hea l th and Nutrition 

In recent years , the relationship of nutrit ion to immunological 
func t ions has been more c learly defined . Defic ienc ies in protein,  
total calories , amino ac id s ,  vitamins , minerals , and fatty acids can 
severe ly depre s s  the immune system.  The examples pre sented here wil l  
demonstrate the profound e ffect that malnutr i tion can have on 
res i s tance to disease , the d i f ferent ial e ffec t s  that malnutrit ion can 
h ave on the subcomponent s o f  the immune sys tem ,  and the role that 
monoc lonal ant ibod ies can p lay in the delineat ion of the immune 
de fec ts that may resul t .  

Pro tein-calorie ma lnutrit ion results  i n  increased suscept ibi l ity 
to  infect ions and fatal diseas e s .  I n  cases of severe defic iency , both 
B lymphocyte and T lymphocyte subpopulat ions are af fected , result ing 
in a dec l ine in antibody product ion and ce l l -mediated immunity , 
re spect ive ly . At a less severe leve l ,  a d i f ferent ial effect i s  
observed . The B lymphocyte funct i on dec l ines proportionally  to 
d ietary restrict ion, but the T lymphocyte act ivity is  unaffected ( or 
in some ins tance s enhanced ) unt i l  d ietary restrict ion becomes severe . 

Zinc i s  e s sent ial for the preservat ion of norma l immune 
respons iveness . Zinc deprivat ion in man , catt le , and rodents lead s  to 
d ermat i t i s , diarrhea , and increased inc idence o f  infec t ions . More has 
been learned of zinc ' s role in the ac t ivi t ies  of lymphocytes from the 
s tudy o f  humans with acroderma t i t i s  enteropathica , of cattle  wi th 
lethal trait A46 , and of rodents experimental ly fed zinc-de f ic ient 
d iets . Z inc i s  a weak mitogen, able to s t imulate DNA synthe s i s  in 
lymphocyte s . I t  has a l so been shown to be a po lyc lona l ac t ivator of 
B lymphocytes , result ing in increased synthes i s  and secretion of 
antibod ie s .  The greate st  e ffect of z inc appears to be on the thymus 
and the T lymphocytes whi ch d i f ferentiate and mature in the thymus . 
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In zinc deficiency , thymic atrophy occurs rap idly , lead ing to a marked 
decrease in the absolute numbers of T lymphocytes and a consequent 
decrease in he lper T lymphocytes ( TH) as we l l  as cytotoxic 
T lymphocytes ( Tc> •  Matural killer cell  act ivity also dec lines . 

Since dietary deficiencies inf luence the immune system , and s ince 
lymphocyte subpopulat iona are affected to different degree s ,  d iagno s i s  
and study o f  the immune defects in malnutrit ion would b e  enhanced by 
the exis tence of reagents spec ific for each lymphocyte sub
populat ion .  Such s tud ies are equa l ly important for both developed 
and developing countries . The se reagents can be more read ily produced 
by cell  hybridizat ion techniques than by conventional a l loimmunization 
or xenoimmunizat ion. In man and rodent s ,  B lymphocytes , monocyte a ,  
natural ki l ler cel ls , he lper cel l a  ( TH) ,  cytotoxic ce l l a  ( Tc) ,  and 
suppre ssor T ce l l a  ( Ts ) can be identified and quantitated us ing 
spec ific monoc lonal antibod ies . Simi lar reagents are required for 
domest icated animals to facilitate analys is of immune status and t o  
improve food product ion through reduct ion o f  infect ious diseases . 

Monitoring Drug Use and the 
Presence of Toxic Substances 

Ant ibody-dependent immunoassays have been deve loped to evaluate 
drug usage . Examples include : the quant ificat ion of exogenous 
s teroid leve ls to evaluate endocrine organ ac t ivity , hormone 
replacement therapy , or produc tion of hormones by neop lastic  ce l l a ; 
the quantificat ion of therapeutic compounds in blood , tissues , or 
excret ions to determine whether  adequate dosages are employed ; and the 
detection of i l legal drugs or toxic compounds in human b lood . 

Although many of these as says are performed with antibod ies 
obtained by convent ional  means , the use of monoc lonal antibodies has 
several advantages .  The prec ision o f  the ant ibody allows 
d ifferent iat ion of c losely related compound s .  S ince hybridoma ce l ls 
can be grown in asci t ic fluid , virtua l ly unlimi ted quanti t ies  of 
monoclonal antibodies can be produced . This  fac i l i tates 
s tandardization of assays s ince a given antibody with de fined 
spec ificity and constant b inding affinity can be produced and made 
avai lable for an inde finite period . The use of such reagents by 
mult iple laboratories would reduce interlaboratory variab i l i ty of teat 
resul t s  and thereby allow more re l iable comparisons of  data . 

Monitoring the Immune System 

The act ivity of the immune system depends on comp lex regulatory 
interactions among macrophages , B lymphocytes , and aubpopulat i ons of 
T lymphocytea--TH (he lper) , Tc ( cytotoxic) , Ts ( suppre ssor) , 

Copyright © National Academy of Sciences. All rights reserved.

Priorities in Biotechnology Research for International Development:  Proceedings of a Workshop
http://www.nap.edu/catalog.php?record_id=19581

http://www.nap.edu/catalog.php?record_id=19581


- 187  -

To (de layed type hypersens i t ivity ) , etc . Absence or impa ired 
funct ion of  one or more of these ce l l  subpopulations general l y  re sults  
in  a c omp lex pathology , o ften with increased suscept ibi l i ty to 
infect i ons . More subtle  perturbat ions of  react ivi ty or numbe rs may 
also have serious pathological consequences . 

Diagno s i s  and inve s t igation of immunological ly med iated disorders 
have been enhanced by the l imited avai lab i l ity of  monoclonal 
ant ibodies  that b ind speci f ical ly to defined lymphocyte surface 
ant igens . Some bind to c e l l  membrane glycoprote ins that are only 
present at certain stages of l ymphocyte maturat i on , while others bind 
to all mature T lymphocytes and aome only to s pe c ific T c e l l  subset 
different iat ion ant igena . Us ing these reagents ,  it  is  possible to 
define the exact s tep at which lymphocyte maturat ion i s  inhibited in 
various immunodefic iency d i seases , S imi lar ly,  these reagents are 
useful in monitoring the return of functional lymphocyte 
subpopulations fol lowing transplantat ion of hematopoie t ic s tem c e l l s  
i n  t h e  immunodefic ient pat ient . The ava i lab i l i ty of monoclonal 
ant ibod ies specific  for T4 and Ts ant igens in humans has a l l owed 
determinat ion of the norma l ratios of these two surface ant igens ; an 
alterat ion in the rat io may occur in certain d i seases . For example , 
in natu ra l l y  occurring immunoinf lammatory diseases--such as hemolytic 
anemia ,  sys temic lupus ery thematosus , inf lammatory bowe l d i sease , 
hyper-IgE syndrome , ectopic ec zema , and mul t iple  sc leros is --there is a 
s ign i f i cant reduc tion in Ts c e l l s  which a l l ows T4 c e l l s  to provide 
cont i nuous help to B lymphocytes in a less  regulated manne r .  I n  other 
diaeases such as lepromatous leprosy , ant igen-specific Ts c e l l a  are 
s t imulated and i ncreased in number .  Thi s  may account for the ane rgy 
obse rved in this and a imilar d iseases .  

Monoc lona l ant ibod ies have a l so been useful in diagnoa ing T-ce l l  
mal ignant d iseases . For examp le , mal ignant T lymphocytes from 
pat ients with the Sezary syndrome bear the T4 phenotype and may 
provide he lp  to B lymphocytes involved in immunoglobu l in synthesis . 
This syndrome has been treated with a polyclonal ant i-T ce l l  reagent 
(ATGAHR) with some succe s s . 

The produc t ion o f  monoc lonal ant ibodies to human and d ome s t ic 
animal lymphocyte subpopulations i s  advantageous as i t  fac i l itates 
diagno s is ,  investigat ion , and , u l t imate ly , therapy of lymphocyt ic 
malignancies , immunodeficiencies , and immunoinf lammatory diseases . It 
may a lso permi t  the deve lopment o f  more effec t ive methods o f  induc ing 
immuni ty to infect ious organisms . 

Plant Research 

Monoc lonal ant ibody technology is p laying a growing rol e  in p lant 
research and management . Many d iseases affect the product i on of p lant 
food crops for human and animal consumpt ion as we l l  as the development 
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and maintenance of pathogen-free seeds and p lant s .  An exceptional ly 
large number of viral , fungal ,  and bac terial pathogens constant ly 
threaten entire food crops , and the use of  gene t ical ly uni form p lant s  
to maximize produc t ion h a s  increased the r i sk of  such threat s .  To 
minimize the occurrence of widespread p l ant disease , nat ional and 
internat ional programs have been e stab l ished to identi fy maj or 
pathogens and prevent the i r  spread through shipment of  contaminated 
seed s ,  plant s tocks , or c rops . Elaborate quarant ine and cert i f icat i on 
programs have been es tablished for many p lants , and se rol ogy has 
pl ayed an important role in such programs . The pers is tent d i fficulty . 
unt i l  now , has been the devel opment of adequate quanti t ies of  
s tandard ized immune reagents for  worldwide use . 

Ongoing programs with potatoes , frui t , and cereal s  i l lustrate the 
need for immune reagents for use in research , d iagnostic  tes t s ,  and 
cert if ication . For example , potatoes are propagated through s eed 
pieces , derived from who le potatoes , to provide pathogen-free seed 
pieces for cultivat ion and uni formi ty of c rop . Certificat ion requir e s 
test ing for the presence of such organisms as Erwinia carotovora var .  
at rosept ica ( the causative agent of blackleg of potato) , potato leaf 
ro l l  virus , potato virus X , and potato virus Y .  The first  two 
organi sms cause devas tat ing losse s , whi le the lat te r two cause reduced 
yields . Serological technique s  are the main means of detec t ing such 
pathogens ; however , it has been d i fficult  to  devel op reagents with 
suffic ient ly narrow reac t ivity to  d i s t inguish be tween s train 
variants .  On a number of occasions it has been essent ial to determine 
whether d isease outbreaks resulted from variant s o f  the pa thogen 
characterist ic of the region where the seed stalk was propagated or 
charac teri stic of  the region where it  was put into produc t ion. 
Monoc lonal  antibody technology augments the prec i s ion of  exi s t ing 
ant isera and pre sents a solut ion to the problem .  It a lso provide s a 
means o f  conduct ing epidemiological surveys of farm land before 
introducing a g iven food p lant . 

The deve lopment o f  biological contro l measures to reduce d i se a s e  
in  potatoes h a s  added another dimens ion t o  the u t i l i ty o f  monoc lonal 
ant ibodies . Recent research has revealed that the fungus c aus ing 
Vert ic i l l ium wil t  can be potential ly cont rolled by the presence of 
spec ific s trains o f  the bac terium Pseudomonas f luorescence , which may 
produce an ant ibiotic or othe r  growth-inhibit ing fac tor . However ,  
thi s  bac terium can only be used effec t ive ly i f  reagents are ava i lab l e  
with suffic ient specificity t o  dist ingui sh the bene ficial  subtype f rom 
the myri ad types present in the field . Monoc lonal ant ibodies pre sent 
a way to make such reagent s .  

Frui t  trees , which are afflicted by numerous viruses , present 
another interest ing prob lem .  Ci t rus tristeza virus , in part icular , 
has been a prob lem s ince the deve lopment o f  c itrus fruit  indus trie s ;  
certain s trains o f  this vi rus can de stroy entire orchards . The 
primary approach to c ontrol has been removal and des truc t ion of the 
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infec ted orchards . Some years ago in Brazil , a severe outbreak l ed to 
the des truction of over a mi l lion c itrus t rees . 

No e ffect ive method of test ing for this virus has been 
deve loped . Thi s  problem is compounded by the fac t that a number of 
variant forms of the virus exi s t  in the field , with some caus ing 
severe d isease whi le others c ause l i t tle or no d isease . The lat te r  
types do , in fac t ,  protect against infection b y  those causing severe 
disease . The dec i s ion t o  des troy an orchard depends upon which form 
is present . Avai lable serologic reagent s made by c onventional 
procedures fai l to  d i s t inguish one form from the other . Monoclonal 
ant ibodies provide a means of resolving this problem. 

I larviruses also  cause maj or di sease problems in fru i t  trees . 
Prunus necrotic  ring spot and prune dwarf viruses cause disease in 
cherry trees ; apple mosaic and tulare apple mosaic viruses c ause 
disease in app le tree s .  Serological assays have been used to aid in 
the s e lection of  virus-free s t a lk for d i s tribut ion, diagnosis  of f ie ld 
outbreaks , and cert ification of p lants be ing introduced i nto  new 
areas . Conventional reagents have been useful , but they are d i fficult 
to maintain in suffic ient supp lies to meet commerc ial needs 
wor ldwide . The failure o f  these viruses to  e l icit  a s t rong immune 
response has added to the prob lem and has l imited the development of 
reagents capab le of detect ing the many forms of the virus . Early 
programs with monoc lona l antibodies have already shown that the 
difficulties c an be surmounted . 

Similar problems exi st in the cereal grains ; however ,  less  use 
has been made of sero logica l  assays to ident i fy and cont rol the 
pathogens , in part because reagents made by convent ional procedures 
lack suff icient spec i f ic ity . Although the reagents made were often 
used to d i s tinguish a virus type , t hey could not be used to 
dist i ngui sh s train variant s .  The ut i l i ty of monoc lona l antibodies  for 
res olving the problem is apparent . Field diagnosis  of  barley ye l l ow 
dwarf virus and barley stripe mosaic vi rus , for example , would al low 
dete c t ion o f  strain variants respons ible for d isease outbreaks as we l l  
as determinat ion o f  whethe r  the di sease was seed borne o r  the result  
of f i e ld contaminat ion. 

Product ion of Food Animals 

The u t i l i ty of  selec t ive breeding to improve produc t ion o f  food 
anima l s  has been recognized and practiced for many years . Because of 
its i mportance , cons iderable emphas i s  has been p laced on app lying new 
techno logies to a id in the manipulation and cont rol of reproduct ion 
and growth cyc les to maximize the ful l gene t ic potent ial  of food 
anima l s .  Experience has revealed that selec tive breed ing is  no s imp le 
task, e special ly when the methods for ident i fying mul t ip le desirable 
gene t i c  traits  are l imited . Examples of such traits in bee f cat t le 
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are high fert i l i ty ,  twinning , heavy we i ght at weaning , food conversion 
e fficiency,  carcass qua l ity ,  and res i stance to d iseas e .  

App licat ion of knowledge gained from breed ing laboratory aniaals 
and insec ta  has required the development of techniques t o  s e lect for 
des i rable traits  baaed on the measurement of he ritabil ity of t raits  
rather than techniques baaed on d i rect ident i fication o f  gene s  or  gene 
complexes . Heritab i l i ty i s  de fined as the percentage of the 
difference among aniaala  in performance traits passed on from parents 
to off spring ; for examp le ,  we ight gain in pasture might be 30 percent 
higher in animals  carrying the selected t ra i t . The improvement , i f  
indeed a heri table trai t ,  i s  expected to b e  pas sed o n  and t o  be 
cumulat ive in subsequent generations . 

Thi s  has proven to be the case for a number of se lect ed traits 
that are under polygenic control .  Arti fic ial inseminat ion and ova 
t ransplantat i on have augmented the u t i l i ty of this method of se lective 
breeding . In deve loped countrie s ,  this technology has he lped 
modernize l ives tock and pou ltry breeding by acce lera ting the 
introduc t ion and d i s tribut ion of desired traits in a popu lation. 
Examples of the success of these techniques are the 50 percent 
increase in milk product ion by dairy cows over the pas t 30 years and 
the development of high-yie ld breeds of bee f catt le and stra ins of 
chickens and turkeys .  

Th e  benefits  o f  appl ied genetics  are only now exerting an e f fec t 
on food product ion . However , the results point to a need to expand 
and improve the techniques for selective breeding . For example , with 
long-l ived food animal s  such as cat t le where advances are essential , 
l it t le progres s  has been made in analyzing the genetic  tra i t s  
regulating the immune response and susceptibi l i ty to a variety of 
d i seases . In the Uni ted States a lone , an e s t imated annual l o s s  o f  
$4 . 5 b i l l ion i s  attributab le t o  disease . Although evidence exists  
that res i stance i s  under genetic contro l ,  none of  the parame ters of  
measurement used provide a way to identi fy the tra i t s  involve d .  

Th e  magnitude o f  the problem i s  exemplified by the f a c t  that none 
of the high-performance breeds deve loped in Europe or America can be 
introduced into deve loping countries in Africa or South America where 
food shortages are expected to become acute . These breeds are h ighly 
suscept ible t o  endemic d iseases , part icularly t rypanosomias i s  and 
anaplasmos i s .  Interbreeding with na tive animal s  to o ffset 
susceptib i l i ty has shown that mul t iple genetic factors are involved in 
res i stance and that intense s e lective breeding programs are needed to 
develop resis tant breeds with high performance t ra i ts . Examinat ion of 
nat ive stocks of both catt le and other s pec ies ( such as the water 
buf falo) has revealed the potent ial of germ plasm resources a s  wel l  a s  
the need for improved methods of genetic  selection to improve breed 
performance . Other domestic food animal s  present the same type of 
problem .  
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The advent of monoc lonal  antibody techno logy has provided an 
import ant tool for improving se lect ive breeding programs both in terms 
of ana l y s i s  of the L.mune response to infectious agents and 
delineat i on o f  a l ibrary of genetic trait s  that can be used to help 
ident i fy and concurrent ly selec t animal s  for disease res i stance and 
the des ired performance t raits . Extensive s tudies in mice , chickens , 
and humans have revealed that a number of genes and gene complexes 
code for ant igenic molecules present on white and red b l ood ce l l a .  
Some genes code for differentiation antigens that define sub
populations of white b lood c e l l a ; others code for ant igens common t o  
al l whi t e  blood ce l l a .  The d i f ferent iat ion antigens have proven qui te 
usefu l ,  as mentioned previous ly , in e lucidating the funct ion of t he 
immune system .  Others have proven useful a s  genetic  marke rs t o  
identi fy important genetic  t raits through l inkage analys is . 

One especial ly relevant f inding has been the assoc iat ion between 
the i nheritance of h i s tocompat ibi l ity genes and suscep t ibi l i ty to 
certain types of disease . Studies in humans have revea led a striking 
assoc iat ion between the t ransmittance of the gene cod ing for the human 
maj or h i s tocompatibi l i ty gene comp lex antigen , B27 ,  and the occurrence 
of  a serious j oint d isease , ankyloa ing s pondy l i t i s .  Nine ty-f ive 
percent of the patients with the disease are pos itive for the ant igen. 

Other leas  s triking examples have shown s imilar assoc iations . In 
each instance , the findings have indicated that genes , not readi ly 
ident i fiable alone , may be associated the t ransmittance o f  another 
identi fiab le t rait . For food animal re search , s tudies indicate that 
s imi lar assoc iat ions exis t  in anima l s  and that genetical ly and 
antigenica l l y  distinct membrane molecules can serve as markers to 
trace t he patterns of inheritance of l inked genes that influence the 
expres s ion of  d i sease . Studies a l so point to the poss ib i l i ty of 
ident i fying genes that contro l the expres sion of  desirable t raits . 
Monoc l onal antibodies wi l l  play a pivotal role in such s tudies because 
they p rovide the prec is ion needed to identi fy t he array of  gene 
produc t s  and the means of deve lop ing standard i zed typing reagents .  

O f  special interest  i s  the fact that the technology and computer 
programs developed for selective breed ing of cat t le can be extended to 
o ther spec ies . In each case , the information gained and the bat tery 
o f  monoc lonal ant ibody typing reagents can be used in emerging 
countries where programs need to be implemented to  accelerate the 
upbreeding of food anima l s .  

REQUIREMENTS AND PROCEDURES FOR IMPLEMENTING 
MONOCLONAL ANTIBODY TECHNOLOGY 

Monoclonal ant ibody technology can be readily  app lied in a number 
of areas , and in many instances as a direct  result  of ongoing programs 
in deve loped countries . A considerable effort is now under way to  
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make monoc lona l  ant ibod ies that c an be used in the s tudy of health and 
nutri t ion, in the monitoring o f  drug use , in the monitoring and 
analysis  of the immune syst em,  in the s tudy of food p lants and their 
pathogens , and in the deve lopment of  me thods to ident i fy d isease
resistant stocks of food animals for s e lective breeding . However , how 
and when wil l  such apparent ly sophis t icated technology be made 
avai lable  for use in emerging nations ? 

We l l-tra ined technical s taff and adequately equipped laboratories 
are needed to produce monoc lona l antibodies e ffective ly ,  and this 
places an obvious c onstraint on use o f  this techno logy . The initial 
coat out lay for e ffec tive implementat ion of this technology appears 
quite large . However ,  comparison with the costa  of continued use of  
conventional procedures for  prepar ing immune reagents for  medical and 
b io logical purposes with their  attendant l imitat ions quickly d ispe ls  
thi s  notion. The fol lowing section outl ines the requirements for 
sett ing up a laboratory and produc ing monoc lonal ant ibodies . In mos t  
s ituat ions , the b e a t  use of such fac i l i t ies  wi l l  occur where the 
l aboratory is centra l ly located and assoc iated with other maj or  
laboratories . 

Training 

The product ion of monoc lona l  ant ibodies requires knowledge of 
bas ic  tis sue culture techniques and fami liari ty with the princ ip les 
and procedure s of  immunology . Furthermore , experience wi th ge l 
diffus ion , complement f ixation , immunof luorescence , radioimmunoassay ,  
and enzyme-linked immunosorbent assays i s  also  beneficial , as we l l  as 
experience in the breeding , rear ing , and hand l ing of l arge numbers of 
mice under d isease-free condit ions . 

Speci f i cally , the invest igator should be exper ienced in s ter ile 
techniques , and the preparat ion o f  t i s sue culture media and s terile 
glas sware . Throughout the produc tion of monoclonal ant ibodies , cel la 
mus t be evaluated microscopica l ly to determine viab i l i ty and rate of 
growth . Experience with estab l i sh ing and maintaining ce l l a  in vitro 
is a l so necessary . Fina l ly ,  an e ssent ial part of the production of  
monoclonal ant ibodies involves ident i fy ing and charac ter i z ing 
antibodies obtained following fus ion of myeloma ce l l a  with spleen 
ce l l a  obtained from immunized mice . The assay sys tems used wi l l  
depend o n  the nature of  the ant igen and the intended u s e  of  the 
monoc lona l antibody ( some assay sys tems are described later ) .  

Realis t ic Time Frame for Implementation 

From the t ime that an adequate ly equipped laboratory is 
e s tab l i shed , it may take as  long as  a year before the first  usable 
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· monoc lonal ant ibodies are obtained . During thi s period , three maj or 
t a sks mus t  be undertaken . 

Fir s t ,  s table c lones must  be obtained . Approximately 4 months o f  
continuous laboratory work are required , beginning with immuni zat ion 
of mice and adaptation of  the parent mye loma cel l  l ines to growing in 
a new laboratory , through fus ion of  cells , evaluat ion of resu l ting 
hybridomas , and f inal ly estab l ishment of s table c l ones producing 
monoc lonal antibod ie s .  And the ce l l  l ines obtained require constant 
attent ion. It i s , therefore , essential t ha t  invest igators are able to 
devote the t ime and e ffort required for successful comp letion of the 
procedure . 

The s econd maj or task i s  development o f  as say sys tems to evaluate 
c e l l  c ulture supernatants efficient ly and accurate ly for the desired 
ant ibody activity . The importance of  rel iable  assay sys tems cannot be 
overemphas ized , nor can the neces s i ty for deve lopment and val idation 
o f  the assay sys tem before c e l l  fus ion i s  done . There may not be 
enough t ime to resolve the technical d i fficulties  of an as say sys tem 
a f te r  cel l  hybrids begin to grow. Because the inve s tigator has only a 
few days to test  supernatant s from hybrids and thus dec ide which to 
retain or d i scard , a re l iable as say mus t  be avai lable when needed . 

The third task i s  ful l  character izat ion of the monoclonal 
antibody once obtained , inc luding tests  for s pec ific ity and a f f inity 
of ant igen bind ing , definit ion of the immunoglobulin i sotype produced 
by the c lone , and characterization of t he secondary ac t ivit ie s  of the 
antibody (precipitat ion , complement fixation ,  etc . ) . Once t he 
l aboratory i s  experienced in fus ion procedures and a c omplete bat tery 
of assay sys tems i s  e stabl i shed , add i tiona l monoc lona l  ant ibodies  may 
be obtained and characterized within 4 months . 

Laboratory Fac i l it ies 

Laboratory Space . The central product ion l aboratory should 
inc lude a minimum of 61 square me ters of work spac e ,  hot and c o ld 
running water , an adequate e lectrical supply to support s everal p ieces 
of  electrical equipment , and a temperat ure cont rol  sys tem to keep the 
ambient temperature below 3 l °C .  Temperature regulation in the 
laboratory i s  neces sary to maintain ce l l  culture incubators at the 
proper temperature for growth and maintenance of ce l l s .  
Al ternative ly , the temperature o f  t he incubators mus t  b e  control le d .  
Space for breeding and rearing o f  mice i s  a l s o  required . 

Equipment . The central produc tion laboratory must  be equipped 
wi th the following : 

• Humidified , temperature-contro l led incubator with a 
C02-in-ai r  atmosphe re . For a hot c l imate , the incubator ' s 
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temperature mus t  be contro l l ed for l ow as we l l  as high 
temperatures .  

• Tis sue culture sterile hood 
• Inverted microscope , preferably a phase microscope with 4X, 

lOX ,  and 40X obj ectives 
• S tandard microscope 
• Temperature-control led water bath 
• Centri fuges : 3 , 000-rpm ( revolut ions per minute ) table-top 

centrifuge ; 3 , 000-6 , 000 rpm refrigerated centrifuge 
• Autoclave 
• S terile f i l ter and re servoir ( 5- 1 0  l i ter) 
• Freezer to -70 °C 
• Carbon dioxide tanks , nitrogen tanks ( l iquid and gas phase 

tanks ) 
• pH meter 
• Ba lance 
• Liquid nitrogen s torage containers 
• St i l l  for product ion of doub le dist i lled , de i onized water or 

a sys tem to disti l l  by f i l tration through res ins . 

Depending upon the nature of assays used , additional equ ipment may be 
useful : an ELISA ( enzyme-l inked immunosorbent assay )  reader ,  
f luorescent microscope , gamma scint i l lat ion counter , s pectro
photometer , and f luorescent-act ivated flow cytometer . 

Suppl ies  and Preparat ion. The fol lowing suppl ies are required 
for the e ffic ient production of monoc l onal ant ibodies : 

• Tis sue cul ture mul ti-we l l  plates with cove rs ( s terile ) 
9 6-we l l  flat  bottom p lates , about 0 . 28 cm2 ( square 
cent imeters ) per we l l  
24-we l l  f l a t  bottom plates , about 2 . 0  cm2 per we l l  
6-we l l  flat bottom p lates about 1 7  cm2 per we l l .  

• Tis sue culture f lasks ( s terile ) --25 cm2 , 7 5  cm2 , and 
150 cm2 

• Sterile screw-cap tes t tubes , pipettes , beakers , f l asks ; 1- , 
5- , 10- , 20- , 50-ml (mi l l i l i ter ) syringes ; 1 6- ,  18- , 25-gauge 
needles 

• Po lyethy lene g lycol ( PEG) o f  mo lecular weight (MW) between 
1 , 000 and 4 , 000 

41 . 6  percent PEG/ 1 5  percent DMSO ( dimethylsul foxide ) : 
Autoc lave 50 g ( grams ) PEG to l ique fy and s teri l i ze .  
When i t  has coo led t o  about 60°C ,  add 7 0  m l  o f  serum-fre e  
Dulbecco ' s Minimal Es sent ial Med ium ( DMEM) containing 
DMSO ( 5 5  ml DMEM + 1 5  ml DMSO) .  
25 percent PEG : Autoc l ave 50 g PEG to l iquid . When it 
has coo led to about 60 °C ,  add 150 ml serum-free DMEM . 
Both PEG solut ions may be stored for up to 2 weeks at 4 ° C . 
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SO percent PEG: Autoc lave and then aliquot 1 ml in 
s ter i le 4-dram vial s .  

• Se lect ion mediua 
BAT ( SOx) . Dissolve the following in 99 ml of double 
distilled water containing 0 . 0 1  M (aole ) sodium hydroxide 
( MaOH) :  6 . 8  mg (ail ligraas ) hypoxanthine , 0 . 9S ag 
aminopterin, and 19 . S mg thymidine . Fil ter , s teri lize ,  
and add 1 a l  1 M HEPES to  g ive a f inal concentration o f  
10 aM (ai l l iaolar )  HEPES . 
HT ( SOx) . Prepare as for BAT ( SOx) but omi t  the 
aminopterin. HAT ( SOx) and HT (SOx) can be stored for 
1-2 aonths at 4 •c . 
Fina l  BAT aediua. Add 1 ml buffered BAT (SOx) to 49 ml 
DKBM containing anti biot ics , 10 aM HEPES , 20 percent 
heat-inactivated fetal cal f  serum, and 5 x l o-5 M 
2-.e rcaptoethanol ( 2-ME ) .  
Cul ture aediua. Thi s  is DMBM containing ant ibiotics , 
10 aM HEPES , 15 percent fetal cal f serum, and S x 
lo-S M 2-.ercaptoethano l .  
Comments .  Fetal  c a l f  serum lots may vary i n  their 
abi lity t o  support growth of  cel ls .  However ,  use  of 2� 
in medium minimizes the e ffect and the need to t e s t  lots 
of serum. DHEM containing antibiot ics , buffer ,  and fetal 
calf serum can be stored for 2 weeks at 4•c, but 2-ME 
mus t  be d i luted and added to the aedium on the day it  i a  
t o  be used for fus ion. Otherwise , i t  can be added at the 
t ime of preparat ion . Glutamine should be added after 
2 weeks of s torage . 

Animal Space and Management . A cont inuous supp ly of BALB/c mice 
ia required at all stages of product ion of monoc lona l antibod ies 
inc luding immunization, donation of  thymuses for use as  feeder ce l l a , 
and product ion of ant ibody-containing asc itic f luid . Mice should be 
reared in a separate room from other specie s .  Adequate temperature 
control and vent i lation is needed to reduce the probability  and 
prevalence of infect ious d iseases . 

Breeding cages mus t  contain one female and one male for 
•aintaining l ineage by brother-s i s ter mat ing and two fema les and one 
•ale for use in preparat ion of hybridomas . A siaple  cage card sys tem 
ia used for record ing the dates of the breeding as we l l  as b irthdates 
of each litter produced . Mice are weaned at 3 weeks of age , separated 
by sex i nto  new cages , and identified by a card ind icating birthdate . 
Mice 4-6 weeks of age are ideal thymus donors for feeder ce l ls .  Mice 
intended for spleen cel l  donors can be immunized beginning at 3 weeks 
of age . For moa t  immuni zation protocols , such mice wi l l  be 6-9 weeks 
old by the t ime immunizat ion is complete and wil l  be large enough t o  
yield an adequate number o f  spleen cel l s .  
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Substant ial numbers of mice are used in the product i on of asc i t ic 
fluid . These mice should be adults  to maximize the vo lume o f  f luid 
produced . Mice are injec ted intraper itonea l ly with 0 . 5  ml of 
f i l ter-s teri l ized priatane ( 2- ,  6- , 10- , 14-tetrameth,lpentadecane) .  
Seven to 60 days later , the mice are inj ected with 10  viab le 
hybridoma ce l l a  and are examined da i ly start ing S days after 
inject ion . Asc ites appears from 6 to  20 days  fol lowing inject ion. To 
expedite  ascites product ion on a t ime ly bas is ,  several cages o f  mice 
should be pri atane primed and available at  a l l  t imes . 

Production of Monoclonal Antibodies 

Since the initial  discovery that s table antibody-produc ing 
hybrids can be formed , the techniques of fusion and process ing c e l l  
cultures have been greatly s imp l i f ied . It i s  now pos sible to obtain 
consi s tent ly l arge numbers of hybrids and selec t the l inea producing 
the ant ibody of choice . 

The cri t ical c omponent in the produc t ion of hybridomaa i s  t he 
preparation of ce l l a  for fusion .  Where rodents are used as a source 
of c e l l s  for fus ion, immunization protocols mus t  be devised that 
opt imize the pro l i ferative response to antigen in the s pleen . 
Pl aamablaats appear to be more suitab le as fus ion partners than mature 
plasma cel l a .  For many antigens i t  i s  sufficient t o  immunize once , 
and then 2 or more weeks later boost wi th a s ingle intravenous 
injection of antigen 7 2  hours before co llect ion of the spleen. For 
others i t  may be import ant to hyperimmunize and use an adj uvant . 
Where in vi tro techniques are emp loyed , as when at tempt ing to use 
human cel l a  to produce human monoclonal antibodies , no c lear 
guide l ines can be given . Both cult ure cond i tions and the ant igen must  
be worked with to obtain the desired pro l iferat ive response . 

The fus ion and culture of hybridomas i s  qui te stra ight forward . 
Fi gure 1 out lines one e f fective approach t o  producing and process ing 
many hybrids on a regular bas i s  with a l imited s ta f f .  Although 
detai led for use with spleen c e l l a  from immune mice , the s cheme i s  
equa l ly useful when cultures of i n  vitro immuni zed cel l a  are used a s  a 
source of p laamablaa t a .  

1 

Phase I :  Fus ion and Primary Cul ture of  Hybridoma s .  

1 Boo s t  mice with an int ravenous injection of antigen 7 2  hours 
before use . On the day of  fusion ,  col lect the spleen and 
make a free ce l l  suspension by inj ect ing and f lushing the 
spleen with s teri le serum-free medium. Centrifuge the cella  
and resuspend in lysing solution. When s terile water ( H20 ) 
i s  used , suspend the ce l l  in 1 ml of H20 and immediately 
di lute in 20 ml of medium. Any de lay wi l l  result  in t he 
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FIGURE 1 Product i on of monoclonal ant ibod ies . 
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loss  of plasmablas t&  and a consequent reduct ion in 
ant ibody-produc ing hybrids . 

2 Maint ain myeloma c e l l s  in ce l l  culture and seed i nto fresh 
f lasks and med ium 16-24 hours before fus ion to ensure they 
are in the early log phase of growth at the t ime of fus ion . 
At the t ime of use , col lec t the ce l l s , centrifuge , and 
re suspend in serum-free medium. 

3 Count both mye loma and spleen cel l s  and then mix in the 
appropriate ratio . Depend ing on the propert ies of the tumor 
cel l ,  the ratio of spleen to tumor c e l l s  may vary from 5 : 1  to  
2 : 1 . For NS-1 and SP2  cel ls , a good ratio i s  5 : 1 .  For 
X63 Ag8 . 653 , a rat io of  2 . 5 : 1  yields bet ter resu l t s .  

4 Fol l owing mixing , the cel ls are centri fuged i nto a loose 
pe l let  by spinning at  1 , 000 rpm for 10-15 minute s .  Remove 
the supernatant and ove rlay the pellet  with 1 ml of PEG . For 
3 minutes , mix the PEG into the pe l le t . In so doing break up 
the pe llet  into uniform sma l l  c lumps . 

Thi s  s tep can be performed with several types of PEG 
1 , 000-4 , 000 MW at a conce ntrat i on of 45-50 percent in medium 
or 41 . 6  percent in the pres ence of DMSO . Equal success i s  
achieved whether fus ing cel ls  a t  room temperature or  at 
37 °C .  The variable , o f  course , i s  whe ther an excess ive 
number of plasmablas t&  are lost  dur ing the lys is of 
erythrocytes . 

5 Fo l l owing fus ion d i lute the c e l l s  in 30 ml of se rum-free 
medium ,  with the first 10 ml medium being added and mixed at 
1 ml per minute .  Slow d i lut ion reduces the r i sk o f  osmotic  
disrupt i on of the fused cel l s .  

Centri fuge the cel ls  and resuspend i n  complete medium 
containing HAT and then dispense into 96-we l l  tis sue culture 
plate s ,  10 p lates for each 1 08 s plenocyte& used in the 
fus ion. Add 1 06 thymocyte& to each we l l  to serve as feeder 
cel l s .  The ' latter step has proven critical for opt imiz ing 
that outgrowth of newly formed hybrids . Feeder c e l l s  and 
2-ME in the medium exert a synergis t ic effec t .  

6 In c arbon d ioxide incubators with high humidity , incubate the 
culture s for 3-4 days be tween changes of culture medium. 
With rapidly growing cul tures , replace hal f  the medium with  
fresh HAT med ium every fourth day . 

7 Ident i fy and mark the we l l s  containing hybrid c o l onies on day 
9 or 10 and then al low the colonies to grow to 500 or more 
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cel la . In rapid ly growing cultures , supernatants can be 
collec ted and assayed for ant ibody ac t ivity by day 12 to 1 4 .  
Where appropriate , collect and teat  the supernatants from the 
larges t  colonies firs t ;  teat  the remainder 2 -4 days later.  

8 After each teat  for ant ibody , t rans fer posi t ive c e l l  l inea to 
24-wel l  plates . Add 3-5 x 106 feeder ce l l a  to each wel l  to  
promote rapid c e l l  growth . Maintain ce l la in s tatic  culture 
for a minimum of 2 weeks by removing 50- 7 5  percent of the 
hybr id c e l l a  every 2-3 days . Thi s  maneuver selec ts  for 
s tab le ,  rapid ly growing , ant ibody-producing hybrids . S low 
growing hybrids and hybrids that cease to synthesize antibody 
are e l iminated . The culture should be maintained in a HAT 
medium for 14 days from the t ime of fus ion , 7 days in HT 
medium, and then continued in regular cul ture med ium. 

9 After 2 weeks , make dup licate cultures and al low the ce l l a  to 
overgrow and d ie .  Col lect the supernatants and assay for the 
presence of antibody . Take cultures produc ing ant ibodies o f  
the des ired specificity from the master p late and expand into 
6-we l l  plates ( 2-3 wel l s  for each cel l  line ) .  Harve st  the 
cel l a  twice for preservation in l iquid nitrogen (4-10 x 1 06 
ce l l a  per ampule in 1 ml of fresh medium c ontaining 
10 percent DMSO) .  Replenish the cultures with fresh medium 
and al low the cel la  to  overgrow and d ie .  Col lect  fina l  
supernatant f o r  further analys i s . The 6-we l l  p la tes are 
essential for minimiz ing labor and t ime during thi s  phase of 
hybridoma produc t ion. 

Phase II : C loning and Preservat ion of aybrida . 

1 Fol l owing pre l iainary selection of hybrids , screen the f inal 
supernatants in deta i l  to ident i fy ant ibodies of immediate 
interest . Take the parent cel l  linea from the freezer and 
c lone by l imi t ing dilut ion . When viab i l i ty is good , c lone 
the cel l l inea immediately . Take the remainder o f  the excess 
ce l l a  and culture them in a T75 f l ask for 1-2 days . As soon 
as enough ce l l a  are present , harves t  the ce l l a  and freeze one 
ampule to replace the ampule used for c l oning . The cul ture 
should not be a l l owed to pro l i ferate more than necessary to 
avo id change in compos i t ion of the c e l l  line at thi s ear ly 
s tage of process ing . As in the ini t ial  phase , use feeder 
cel l a  to promote growth . 

2 At 6-8 days mark wel l s  containing a s ingle colony . At 1 2-14 
days assay supernatants from the marked we l l s .  Tran s fe r  
24-48 pos i tive cul tures to 24-we l l  p lates and maintain in 
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static culture as described previous ly . Make up dup l i ca te 
culture p lates at 14 days and test  7 days later.  

3 After not ing which c loned l ines are stab le ( that i s , a l l  
c loned l ines a r e  posi t ive ) , expand 4-6 c lones o f  each c e l l  
l ine into 6-we l l  plates for c e l l  preservat ion and produc tion 
of ant ibody . Record which l ines are stable ( that i s , a l l  
trans ferred cultures are pos i tive ) and which are uns tab l e .  
Rec lone uns tab le l ines or  mark f o r  rec loning when u s e d  for 
ant ibody produc tion. 

4 Pre serve 4-6 c lones from each cel l l ine in l i quid ni trogen. 

Phase III : Produc t ion of Antibody.  

1 To produce ant ibody , culture c loned ce l l  l ines in vitro or  
grow in asci tes form in mice . 

For in vitro culture , take ce l l s  from the freezer and 
grow to confluency in a T75 flask.  Trans fe r to a rol lacell 
bot t le and grow t o  a h igher cel l dens i ty . Add fresh medium 
as required . Where desired , increase the ce l l  dens i t y  
further by introduc ing a s terile magne t ic s t irring b a r  into 
the culture bot t le and p lac ing it  uprigh t  on a magnet ic 
s t irrer.  The ce l ls can be grown to c e l l  death or maintained 
by removal  of excess  c e l l s  and rep lacement of spent 
ant ibody-rich med ium . 

For in v ivo produc t ion of ant ibody , prepare add i t i onal 
ampules of frozen cel ls , 107 c e l l s  per ampule . As needed , 
thaw the ampules  of cel ls , wash once to remove the DMSO , then 
inject  the c e l l s  intraperi toneal ly into BALB/c mice 
pre t reated with pristane . Co llect  asc i tes and te s t  for 
antibody ac t ivity and then freeze unt i l needed . The use of 
frozen cells from culture for ascites produc t ion avoids the 
problem o f  having to adapt and s t ab i l ize each new l ine to 
growth in vivo . 

Me thods for As saying Monoc lonal Ant ibodies 

General Cons ideration s .  There are two maj or problems i n  
se lec t ing a n  as say system f o r  screening ant ibody ac t ivity i n  
supernatants from hybridomas .  One prob lem is l ack of a t e s t  that can 
be done eas i ly and in one day . Often i t  i s  necessary to eva luate for  
the presence o f  ant ibody ac tivi ty in  1 , 000 supernatants . When large 
numbers o f  supernatants are to be tes ted , the as say sys tem should have 
re lative ly few s teps and an endpoint that c an be quickly measured . 

I .  
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The second maj or problem i s  selection of an antibody as s ay that 
provides the maximum amount of  informat ion in relat ion to the type o f  
ant ibody( ie s ) desired from the fusion. For ins tance , if the goal i s  
t o  make monoclonal ant ibodies that a r e  cytotoxic f o r  B l ymphocyte s ,  
the ini t i a l  screening assay shou ld b e  a cytotox ic i ty tes t .  Such an 
assay wou ld e l iminate , in the first  round , a l l  ant ibodies incapable of  
mediat ing cytotoxic i ty . In subsequent assays , the te s t s  shou ld permit 
asses sment of ant ibody i sotype , spe c i f ic i ty , and affinity . 
High-affinity ant ibodies might be sought for use in diagnostic  assays 
and l ow-affinity ant ibodies for affinity column purificat ion. Thus ,  
selec t ion o f  an assay sys tem i s  based primari ly on what kind of 
antibody i s  be ing sought and i t s  intended use , and , therefore , 
considerable t ime and thought must  be given to select ion of the assay 
systems . Proper select ion can great ly reduce the workload and ensure 
that the des ired monoclona l antibodies are identi fied at a minimum 
coat .  De tai l s  o f  the  fol lowing tes t s  can be found e l sewhere . Thi s  
discus s ion wi l l  focus o n  the advantages and disadvantages of each te s t .  

Enzyme-l inked lmmunosorbent Assay ( ELISA) . When ELISA procedure s 
are used to detec t  ant ibody , the antigen i s  usua l ly attached 
nonspe c i f ically t o  the wel l s  o f  a p lastic  micro t i ter p late . The 
supernatants from cultures are introduced and incubated with the 
antigen, and the p lates are washed . A reagent i s  then added to assay 
for the presence of ant ibody . Seve ral  reagents can be u sed and two 
will  be described . 

One reagent i s  rabbit  ant iserum to mouse immunoglobu l ins , which 
has been conj ugated with eithe r  alkaline phosphatase or horseradi sh 
peroxidase . After incubation, the unattached enzyme-ant ibody 
conjugate is washed away , and an appropriate sub strate is added . The 
suitab le enzyme sub strates are those that change color in the pre sence 
of enzyme . There fore , i f  mouse ant ibody i s  present in a supernatant , 
the enzyme-conjugated , rabbi t  ant imouse immunoglobul in would bind .  In 
the presence of substrate , a color change occurs . I f  no mouse 
ant ibody i s  present in the supernatant , no color change occurs . For 
the ELISA te s t ,  enzyme-conjugated , rabbi t  ant imouse immunoglobu l in can 
be u s ed t o  detect the various c lasses and subc lasses of mouse 
immunogl obul ins that occur in the supernatant s ( such as IgGl • 
IgG2a • IgG2b • IgG3 , IgA, and IgH) . He re , the ant imouse 
immunoglobu l in reagents must  have broad spec ificity .  I f  monoc lonal 
ant ibodies occurring in a s ingle subc lass , such as IgG1 , are 
des i red , the spec i f ic i ty of the antimouse immunoglobul in reagent 
should be re stricted to mouse IgGl • 

The second reagent to consider i s  enzyme conjuga ted to puri f ied 
staphylococcal protein A .  Th e  protein A b inds to the F e  port ion o f  
s om e  immunoglobul ins . I n  the mouse , protein A usua l ly binds t o  the 
subc lasses o f  monoc lonal ant ibodies , IgG2a • IgG2b • and IgG3 , but 
it  can bind to the IgGl subc lass  and on occas ion IgH . Selec ting 
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monoc lonal antibod ies that bind pro tein A has advantages when 
purification o f  the monoc lonal ant ibody is considered . The 
supernatant o r  asc i t ic f lu id containing the antibody can be pass ed 
over a pro tein A affinity column for rapid purification. The bound 
monoc lonal ant ibody can be eluted by lower ing the pH. Mouse 
antibodies that do not b ind protein A can be detected by add ing a 
rabbi t  antimouse antiserum to the we l l s  after incubat ion with mouse 
monoc lonal ant ibody . Thi s  s tep i s  followed by the enzyme-protein A 
conjugate and then the sub stra te . Rabbi t  IgG , wh ich comprises  mos t  of 
the ant ibodies to mouse immunoglobul ins , readily b inds to protein A. 
In some instances , the addition of the rabbit antimouse immunoglobulin 
reagent provides an increase in sens i t ivity . 

Primary advantages of the ELISA procedures are the ease and 
rapidity with which the test  can be run with several hundred samp les.  
In addition, i f  the enzyme substrate reac tion i s  cont ro l led proper ly, 
the test can be read visua l ly without e laborate equipment . When 
visual reading is used , the te s t  is very inexpensive and c an be 
adapted to a lmost  any laboratory . 

The disadvantage of the ELISA test  is that appropriate 
concentrat ions of  ant igen mus t  be attached to the p lastic p late . In 
eome instances where ant igens are , for example , in se rum or  ot her  
high-pro tein media , i t  i s  necessary to  enrich the ant igen to  obtain 
binding at the des ired concentrat ions . Also , the conj ugat ion of 
enzyme to  reagent mus t be done to  provide proper rat ios for optimal 
color development and spec i f ic binding .  

Radioimmunoas say ( RIA) . To detect the presence of mouse 
monoc lonal antibod ies by radioimmunoas say , the antigen of interest is 
usua l ly bound to plas t ic microt iter p lates as in the ELISA tes t .  
Supernatants , poss ibly containing mouse monoc lonal antibod ies , are 
incubated with ant igen-coated we l l s  and washed and incubated with 
e i ther 1 25I-rabbi t  IgG ant ibodies to  mouse immunoglobul ins or 
125I-protein A. As in the ELISA tes t ,  rabbit ant imouse ant iserum 
can be added after t he addition of  supernatants and before t he 
addi tion of  1 25I-protein A both to increase the sens i t ivity o f  the 
assay and to identi fy mouse immunogl obul in c las ses and subc lasses that 
do not b ind to protein A. The 125 I i s  coupled to the ant i
immunoglobulin antibodies or the prote in A by seve ral  diffe rent 
procedures that resu l t  in a covalent bond . 

The RIA test  can be performed as eas i ly and quickly as t he ELISA 
test  except that c ounting the we l l s  for t he presence of 1 25I i s  
slowe r .  It  provides a ve ry quant itative measure of  bind ing which is 
useful in many research appl ications . 

The maj or disadvantages of the radioimmunoassay are t he 
requirements for a gamma ray counter and a constant supply o f  125I,  
which makes it relatively expens ive . Further , a fac i l it y  to hand le 
rad io i sotopes without endangering personnel i s  needed . 
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Immunof luorescence . In s ome c ases , it i s  necess ary to as say for 
monoclonal ant ibod ies that b ind to ant igens on t i s sue sec t ions and on 
the surface of  l iving ce l l a .  An appropriate as say under these 
cond i t ions is a f luorescent-tagged , rabbi t  IgG ant imouse 
immunoglobul in or f luorescent-tagged protein A. The sub st rat e ,  
whe ther f ixed or unfixed , i s  incubated with mouse ant ibody-containing 
supe rnatant s , washed and then incubated with the f luorescent-tagged 
reagent , and washed and examined with a f luorescent microscope . As 
with EL ISA or radioimmunoassay , a rabbit  antimouse immunoglobu l in 
reagent c an be inserted af ter the supernatant and before the 
fluore scent-tagged protein A to increase sens i t ivity and to detect 
nonprotein A b inding mouse ant ibod ie s .  

An immunofluorescent assay usua l ly takes more t ime to read , o ften 
more t ime to  perform, and requires  a good f luore scent microscope . 
Fluore scent microscopy i s  usual ly se lected for a spec i f ic purpose such 
as assaying for internal cellular ant igens t hat cannot be read i ly 
isolated and bound to plas t ic . I t  is also  usefu l for detec t ing 
ant ibodies that b ind to the surface antigens on l ive organisms o r  
cells . 

cytotoxic i ty .  When ant ibodies are needed for use in a 
cytotoxic i ty tes t ,  then that teet  shou ld be used for sc reening . The 
supernatants are incubated with l ive cel l a  or organisms , washed , and a 
complement source i s  added . The ce l l s  or organisms are evaluated for 
ce l l  d ea th by visual observat ion after the add i tion o f  vital  dyes such 
as Eos i n  or Trypan blue .  The mos t  d i fficult aspec t s  of  cytotoxic i ty 
te s t ing with mouse monoclonal ant ibodies are the source of complement 
and the ident i f i cation of a sui tab le t arge t cel l .  In general , rabb it  
serum works best  as a complement source , and 25 percent or l e s s  of  the 
ant i bodies c an be detected with guinea pig complement . Background 
activi ty i s  a problem with a l l  hetero logous comp lement s .  The dens ity 
of the ant igen on the ce l l  surface mus t  be sufficient ly high to 
fac i litate ant ibody complement interact ion. When t he densi ty is too 
low or the c e l l  of interest  is  in l ow concentration , interes t ing 
ant ibodies may go undetected . 

This  test  requires a phase-inverted microscope and i s  general ly 
performed us ing spec ial microplates that can be eas i ly and quickly 
scored . It should be kept in mind that not al l c lasses and subc lasses 
of mouse antibodies  bind comp lement and cause cytotoxic i ty .  However ,  
cytotoxi c i ty o f  a l ive cel l  or organism e s tabl i shes that the ant igen 
being recognized is on the surface of the ce l l  organism. In the case 
of  pa thogene , the demonstrat ion of an ant igen on the surface by 
monoclona l antibody may be an important first step for isolat ing an 
ant igen f or poss ible use in the development of  a vacc ine . 

Flow cyt ometry .  A valuab le analy t ical  tool for both ana lyzing 
and s eparat ing c e l l s  i s  the f luorescence-act ivated ce l l  sorter 
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( FACS) . Cel la or organisms to be separated or analyzed are usual ly 
incubated with a mouse monoc lonal ant ibody that b inds to the surface , 
washed , and then incubated with fluoresce in-conjugated , rabbit IgG 
ant imouse immunoglobulin and washed again. During sort ing , the 
labeled ce l la flow through a laser beam and trigge r  a separat ion 
device . In this way , cella  or organisms in heterogeneous populat ions 
can be isolated for further experimentation. In the analyzer mod e ,  
the c e l l a  can b e  categorized b y  s ize , intenai ty of f luorescence , and 
number of  ce l l a  with differing amounts of fluorescence .  

The FACS i s  very expensive and should be  cona idered only for 
large centralized research laboratories in developing countries that 
have ready access to service repreaentatives . However ,  such 
inatrumentation adda an important dimenaion to the uae of monoclonal 
ant ibodies and mus t  be considered a vital component of a wel l-equipped 
laboratory . (A new mercury-arc lamp-baaed analyzer recent ly 
introduced on the market may prove of except ional value , e spec ially in 
deve loping countriea with needs in c l inical diagnostics . ) For 
example , a FACS can be used to deve lop a set  of monoclonal ant ibodies 
of the same spec ificity but of  dif ferent isotypea . Many of the 
hybridomas produced are capable of undergoing a swi tch in the 
synthes i s  of antibody iaotype without change of speci f ic i ty .  Thus in 
any culture there can be a predominant iaotypic form of ant ibody 
(e . g . , IgM) being produced by the maj ority of ce l la in culture aod 
another iaotype being formed by a swi tch variant ( e . g . , IgG2a> •  The 
FACS permi ts  the selection and i solation of thoae cel l a  produc ing the 
variant . Where there is a need for the deve lopment of an antibody for 
therapeutic or diagnostic use , this permi ts the uae of exist ing cell  
l inea producing ant ibody of  the  wrong iaotype , but correct  
specificity , to be  used in the development of the needed cel l line . 

The FACS can alao be used to iso late rare ant igenic variants of 
paras ites for analys ia and propagation .  In diseases such as 
trypanoaomiaaia , the use of  the FACS in conjunc t ion with monoclonal 
antibodies i s  perhaps the only way that much progree a can be made in 
defining the ful l  spectrum of ant igenic varianta .  

Coa t Estimate 

The coat of furniahing suppl ies and equipment for a monoclonal 
ant ibody laboratory depends on the number of peop le emp loyed , the 
sophistication of equipment utilized , and the preexisting avai lability 
of required equipment and supp l ie s .  Assuming a l l  required equipment 
and suppl ies would have to be purchased for the laboratory , the 
following l i a t  is  an es timate of ini t ial  coats ; labor coats and the 
laboratory fac i l i ty itself  are not inc luded . 
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C02 incubator 
Tissue culture s teri le hood 
mverted microscope 
Standard microscope 
Water bath 
Centrifuge 
Autoc lave 
pH meter 
Balance 
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Liquid nitrogen s torage containers 
Water dis t i l lation system 
Mouse cage s 
�rchaae of 50 mice for breeding s tock 
Maintain 150 mice for 1 2 months 

@ $ . 035 per day per mouse 

Tissue culture flasks and p lates 

Tissue cul ture medium, buffers , 
antibiotics  

Fetal calf  serum 

Plates for assay of antibod ies 

Additional g lassware (beakers , 
bottles ,  pipette s )  

TOTAL ESTIMATED COST 

- ------ --- --,---'-------� 

Estimated Coat  (U . S .  dollars ) 

$3 , 000-5 , 000 
3 , 000-8 , 000 
1 , 000-8 , 000 
1 , 000-3 , 000 

300 
2 , 000-8 , 000 
1 , 500-15 , 000 

400- 1 , 000 
1 , 200 
3 , 000-6 , 000 
6 , 000-8 , 000 
3 , 000 

200 

1 , 890 

4 , 000 

2 , 000 

2 , 000 

2 , 000 

1 , 000 

$41 , 000 - 7 5 , 000 

Est imated coa ts  for optional equipment are : fluorescent 
microscope , $1 , 500 ; gamma scint i l lat ion counter ,  $15 , 000-25 , 000 ; and 
flow cytome ter , $ 125 , 000-250, 000 . To tal estimated coat with added 
equipment , $180 , 000-353, 000 . 

The e s t imate for t i s sue culture supp lies wi l l  vary according to 
the pace of  ac t ivi ty in the laboratory . It takes $1 , 000 worth of 
suppl ies , on the average , to c arry the c lones of hybridomaa from a 
single  fusion through to the first stage of culture and preservat ion. 
It takes approximately $300 per cell  l ine to comp le te c loning and 
standardization. 
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Research to Enhance Nitrogen Fixation: 
Misplaced Emphasis? 

MARTIN ALEXANDER 

INTRODUCTION 

Ni trogen f ixat ion in agricul tural land is rare ly l imited by a lack o f  
highly act ive nitrogen-f ixing microorganiams . Although this point i s  
often s tre ssed b y  those concerned with the prac tical aspec ts  of  
nitrogen fixation , i t  seems to be  overlooked as a result of the 
enormous amount of excit ing reaearch being undertaken on the 
biochemi stry and genetics  of nitrogen-fixing organi sma . 

If this view is correc t ,  i t  follows logical ly that a s igni ficant  
imbalance exi s t s  between bas ic studies of nitrogen fixation by the se 
microorganisms and the invest igat ions needed to explain why so l i t t le 
nitrogen i s  fixed in nature . The enormous progres s  made in recent 
years in underatand ing the b iochemistry and genetics  of 
nitrogen-fixing microorganism• often leads only to improved organisms 
when no improvement is apparent ly needed . Conversely , l i t t le 
attention is  being given to overcoming the stres ses that prevent the 
available nitrogen-f ixing microorganisms from doing what laboratory 
and greenhouse studies sugge st they ought to do . I f  the reason for 
extens ive research interest  i s ,  in fac t ,  promoting ni trogen fixat ion 
for food produc tion and not merely enlarg ing the sc ientific  li terature 
per s e ,  i t  i s  incumbent to assess what are the rea l maj or research 
needs .  

No attempt i s  made here t o  evaluate the priori t ie s  for research 
on higher plants because the author does not have the compe tence to 
comment on this f ie ld .  The enormous amount of  interest ing research on 
ni trogen fixat ion in the rhizosphere of cereals and pasture grasses 
will a lso not be cons idered , because , in contrast  with the 
microbiologi cal systems discus sed be low, it  is not c lear that 
sufficient energy is avai lab le under natural condit ions to sustain 
apprec iable ni trogen fixation by microorganisms re siding on root 
surfaces or the ir immediate environs , espec ially when they are 
compe ting with the ecological ly adapted , res ident microf lo ra . 
Simi larly , attent ion will  not be given to the nodulated nonlegumes 
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because the ir ro le in agricultural systems is largely uncertain, and 
becau s e  there are s igni ficant microbiological obstacles to their 
practical  exp loitation in  the near future . 

RHIZOBIUM INOCULUM 

High ly act ive , nitrogen-fixing strains of Rhizobium often fail  to 
survive during storage of the inocula or fol lowing their app licat ion 
to seeds . Although poor survival o f  the rhizobia results  in l i t t le 
nitrogen be ing fixed under field conditions , almost  no re search is  
being done to  deve lop strains that are  resistant to the stresses . 

Excel lent s trains are now avai lable for use as inocula by 
farmers ,  and qual ity control in many of  the inoculum-produc ing 
fac i l ities  is quite  good . Neverthe le ss , the bac teria fa i l  to survive 
in sufficient number in the carriers . For example , when the inoculum 
is  s tored under practical cond i t ions , the moisture leve l may be too 
low or too high ,  both of which deleterious ly affect the survival of  
rhi zobia .  Moreover ,  their  survival is  markedly affected by  re stricted 
aerat ion in the inoculum carrier ( Rough ley 1968) . Simi larly , inocula 
in the temperate zone are often expo sed to low or high temperatures , 
and many o f  the inocula prepared for use in the tropics are s tored or 
are inadvertent ly placed in sites that reach exces sive ly high 
temperature s ,  jeopardizing survival of the organism.  Thus the numbers 
of  rhi zobia  fal l rapidly when the temperature reaches 4 5 °C ,  and a 
thousandfold-order dec line can occur in a short period at 55 ° C 
(Wilson and Trang 1980 ) .  

I t  i s  common knowledge among American, European, and Austral ian 
agronomis t s  and microbiologists  who have worked in the t rop ics tha t 
the exce l lent inocula prepared in the United S tates , Europe , or  
Australia  are  often worth le ss  because of the  poor storage conditions 
in tropical  regions . Neve rthe les s ,  few programs are under way to 
isolate s trains that are tolerant of  such stresses  or to create new 
genotypes having trai t s  that prevent the destruc tion of those bac teria 
in inoculum preparat ions that are extreme ly effec tive in symbiotic 
nitrogen f ixation. 

Should a highly e f fective s train survive transport in large 
numbers , the populations of  these bac teria often fail , neverthe les s ,  
o nc e  they are appl ied t o  s eeds . Although emphatic recommendat ions can 
be made about how to app ly the inoculum to the seed and store it 
thereafter , if these recommendat ions are heeded only occas ionally ,  the 
value of the rhizob ia is  only part ial ly obtained . For examp le , the 
farmer may mix inoculum with seed in an enc losed shed prior to going 
out into the field , and may then store the seed for short or long 
period s ,  at moderate or high temperature s ,  and in the dark or in 
sunlight . I t  wou ld be far more appropr iate to have bac teria able to 
endure the actual s tresses in farm prac tice . 
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The death of root nodule bacteria applied to and dried on seed 
can be dramat ic . Even unde r ideal cond i tions and with only a few 
hours e laps ing between the t ime the seeds are inoculated and they are 
sown , the decl ine may be appreciab le .  In some instances , as much a s  a 
thousandfold fall  in rhizobial numbers occurs during the f irst 
24 hours , and even a hundredfold dec l ine of Rhizobium trifol i i ,  for 
example , may take place within 1 hour after app lication of the 
bac teria to the seed ( Salema et al . 1982 ) . Appreciable dec lines in 
numbers of !• japonicum take p lace within 12 hours o f  their 
appl ication to soybean seeds ( Iswaran 19 7 1 ) . Expos ing the inoculated 
seed to 3 or more hours o f  sunlight often leads to poor inoculat ion 
resul ts  (Alexande r and Chamblee 1965 ) .  Neverthele ss , l ight-to lerant 
mutant s of other species have been isolated , and l ight tolerance of 
bacteria can be modified by growth cond itions so that gene t ic or 
cultural manipulat ion c an be used to protec t bacteria agains t so lar 
inac tivation ( see Kunisawa and Stanier 1 958 ) . 

A number of materials have been devised for application to seeds 
to reduce loss of viability.  For example , pel let ing of seeds of 
subterranean c lover or barre l medic has resulted in longer survival of 
the rhizobia prior to their  introduct ion into dry soi l  (Goes  and 
Shipton 1965 ) .  For reasons unknown, however ,  pe l leting does not 
always improve the survival of the root nodule bac teria (He rridge and 
Rough ley 1 9 74) . In some ins tances , so many viable cella  are lost 
that , independent of  the seed coat ing material , the only way of 
ensuring suffic ient rhizobia on seeds for adequate nodulat ion invo lves 
the use o f  extreme ly large numbe rs of these bac teria (Davidson and 
Reuazer 1978) , and these cell  densities are often not attainable by 
the procedures used to prepare inoculant& in developing countries . 
Some nove l approaches have been at tempted in recent years to overcome 
the problem of poor survival on seed s .  One examp le is  the entrapment 
of the bacteria in a polyacry lamide ge l for the inoculation of  
soybeans ( Dommerguea et  al . 1979 ) .  

Rhizobium s trains differ in their capac ity to survive the 
s tresses on inoculated seeds . For examp le , strains of R. trifo li i  
d i ffer in their rates o f  dec l ine o n  inoculated seed , some s trains 
showing good and others poor survival (Philpotts 1977 ) .  Strains of 
the rhizobia f ixing nitrogen in cowpeaa vary enormous ly in the ir 
susceptibi l i ty to drying , the cell densi ties of some fal l ing to leve ls 
leas than 1 percent of  the original populat ion , others enduring drying 
for 1 1  days with 50 percent of the original  inoculum retaining 
viabi lity ( Oa a-Af iana and Alexander 1982b ) . Such informat ion has not 
been e ffec t ively used in re search des igned to improve the 
nitrogen-f ixing capac ity of rhizobia in the field . Di fference s among 
Rhizobium s trains could be exp lo ited in future research des igned to 
overcome or minimize the deleterious effects that prevent already 
excellent nitrogen-fixing rhizobia from performing as predic ted in 
gre enhouse or laboratory tes t a .  
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Seeds of several economical ly important legumes contain 
inhibi tors that suppres s  the bacteria nodulat ing the deve loping root 
system . Such inhibitors have been found in seeds of subterranean 
clove r ,  white c lover ( Thompson 1960 ,  Hale and Mathers 1 9 7 7 ) , soybeans , 
and mung beans (Jain and Rewari 19 76 ) . I t  appears that part of the 
toxic ity c an be removed by washing or soaking the seeds prior to 
sowing , but , given the difficulties in convinc ing farmers merely to 
inoculat e , it is not l ikely that they can be convinced to wash seeds 
free o f ,  from the ir viewpoint , an unknown inhibitor of a possibly 
unimportant germ . It is not d i f f icult to obtain mutants o f  Rhizobium 
res istant to inhibitors--a procedure used to obta in strains immune to 
ant ibacterial chemicals  applied for seed protection (Odeyemi and 
Alexander l9 77a )--and ant ibiot ic-resistant mutants have also been 
obtained for ecological and genetic research. Thus a feasible means 
of overcoming the effect  of seed toxins is the development of 
toxin-re s i stant rhizob ia ,  an approach not yet attempted . 

ESTABLISHMENT OF RHIZOBIUM 

The ideal s train for inoculation should have , in addition to the 
capac ity  for ni trogen f ixation, the abi lity to pers i st and to grow in 
soil or around plant roots .  These abilities to survive and grow are 
especially important for rhizobia used with legumes that must  be 
replanted each year . Spec ies o f  Rhizobium vary in the ir ability to 
colonize plant roots ; for example , !• lupini grows fas ter and reaches 
larger populat ions than R. tri foli i  (Chate l and Parker l973a) . 
Furthermore , s trains of a s ing le species differ in their abi lity to 
colonize the roots  o f  h igher p lants ( Chatel and Greenwood l9 7 3a) . 
Neve rthe les s , little attention has been given to develop ing strains 
that are bet ter colonists  or are better able to become es tablished in 
the rhizoaphere or in the soil than the commonly used rhi zobia . For 
that reason, many of the h ighly e ffec t ive s trains o f  root nodule 
bacteria are often of l i tt le or no value unde r natural conditions . 

Indeed , the avai lable evidence , which is  admitted ly scant , 
indicates that the highly effec tive stra ins current ly important in 
agriculture fai l to grow under moa t natural soil  conditions . Brief  
periods of proliferation may fo llow the moistening of dry soi l  or a 
freezing-dry ing cyc le , but the extent of such growth is  s light and i t a  
duration is  short . Moreove r ,  the na tural organic substrates i n  soil 
and those that enter in the form of  root remains or res idues of  
above-ground port ions of plants fa i l  to support appreciable 
repl i cation. Under natural conditions , the only apparent means for 
these organi sms to increase s igni ficant ly is  associated with 
excre tions from plant roots ( J .  Pena-Cabrialea and M. Alexander, 
Corne l l  Univers ity , unpub l ished data) . Thus exi st ing strains of these 
bacteria are not wel l adapted for growth in the underground habitat , 

Copyright © National Academy of Sciences. All rights reserved.

Priorities in Biotechnology Research for International Development:  Proceedings of a Workshop
http://www.nap.edu/catalog.php?record_id=19581

http://www.nap.edu/catalog.php?record_id=19581


" I, L 

- 212  -

and prac tical benefit  might be derived from research des igned to 
increase their potent ial for such rep lication . Further ,  although 
highly act ive ni trogen-f ixing rhizobia fa i l  to rep licate under mo at 
soi l  conditions , no attention is be ing given to deve loping or 
identi fying strains that are able to grow in soil in the absence of 
plant root s .  

Many Rhi zobium s trains active in nitrogen f ixation are unable to 
become established when in "compet it ion" with indigenous strains of 
Rhizobium having low e ffectiveness . S tudies of this "competition" 
pointedly il lustrate the current overemphas i s  on re search on the 
nitrogen-f ixing capac ity to the a lmost  complete exc lus ion of research 
on the eco logica l ly s ignificant traits  of these bacteria . The 
numerous s tudies conduc ted of competition among Rhizobium s trains for 
the nodulation of  leguminous p lants gene rally agree that this is  a 
major prac tical prob lem and frequent ly results in the h igh ly ac t ive 
nitrogen fixer being almost  worth le ss  in prac tice . In some instance s ,  
a s  with !· japonicum, some o f  the inoculum s tra ins fai l  to form an 
appreciab le percentage of nodu les , regardless of the rate or technique 
of inoculat ion ,  because of the poor "competitiveness " o f  the organi sm 
(Boonkerd et  al . 1978) . In other s tud ies of !• japonicum,  about 
5 perc ent of the nodules was formed by bac teria introduced with the 
inoculum (Johnson et a l .  1965 ) . S imilarly , field s tud ie s  with 
!• leguminoaarum showed that the frequency of nodulat ion by teat  
strains ranged from about 5 to 1 3  percent ( S trivaatava et  al . 1980 ) .  
Poor competit iveness  can sometimes be overcome by us ing very large 
numbers of the rhizobia in the inocu lant , thereby increas ing the 
number of nodules derived from the inoculum organism (Amarger 1 9 74 ) . 
However , it i s  often not poss ible to produce inoculant& that have 
enough bac teria to overwhe lm the more competitive rhizobia in the soil .  

It  i s  genera l ly agreed that the selec ted rhizobia should be  not 
only infec tive and e ffect ive in nitrogen f ixation but also  ab le to 
compete successfu l ly with indigenous rhizobia .  Howeve r , the 
phy s iological traits  a ssociated with "competitiveness"  remain to be 
worked out . The desired strains are obtained by screening them under 
greenhouse condit ions , yet with these pre sumed "compet i t ive" stra ins , 
field conditions often radical ly alter a bac terium ' s  potential 
competit iveness . Thus some strains are good compet itors with other 
strains of Rhizobium at low temperatures but fare poor ly at high 
temperature s ( Rough ley e t  a l .  1980 ) .  Furthermore , a Rhi zobium s train 
that can succe s s fully  compe te with other strains in the presence of 
one variety of legume may be whol ly unsuccessful or fare poorly in the 
root zone of other varieties of the same p lant spec ies . Final ly , the 
part icular soil  into which the p lant is introduced can also  mod i fy the 
presumed compet i t ive abilities ( Rough ley et al . 1976 ) .  

Successful e stablishment and extens ive nodulation by introduced 
Rhizobium are also great ly inf luenced by their very poor movement 
th rough soi l .  Very few cella  of !• t rifoli i , for example , are able t o  
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move even 3 centimeters from their point of introduction ( Hamdi 1 9 71 ) ,  
and ineignificant movement occurs evan in the presence o f  the 
deve loping root sys tem , the boring activities of earthworms , and high 
rates of water inf i ltrat ion . It i s  not c lear how research can reeult 
in greater movement and mobility of these bac teria through the 1oil 
matrix , s ince movement i s  af fected by part icle e ize and the amount o f  
water appl ied (Hamdi 19 74) . Size of soil part iclee , however ,  is not a 
variable that can be contro l led in nature , and although the amount o f  
water can b e  increased , the economics of irrigation preclude such 
pract ices i f  the sole purpose is to increase the vertical movement of 
bene f icial bac teria . 

SURV IVAL OF RHIZOBIUM IN SOIL 

High ly e f fect ive rhizobia , following their introduction into 
s o i l  with seeds , often do not survive in s ignif icant numbe rs . 
Neverthe les s ,  l i t t le attent ion i s  being given to this prob lem or to 
the use of  strains of rhizob ia that are able to pe rsist  in suff icient 
number s  to ensure nodulat ion of  succeeding generat ions of  legume s .  

The problem of survival is  clearly i l lustrated b y  Austral ian 
s tudies  of the nodulat ion of subterranean c lover by R. trifolii . In a 
typical  s tudy , while all  of the nodules in the first-year were formed 
by the inoculum strain , in the second year nearly all  were formed by 
s trains no t in the original inoculum ( Roughley et al . 1 9 76 ) .  In other 
s tudies  of the same bac terium-legume as sociation, 80 perc ent of the 
nodules  in the first year were derived from the introduced bacteria . 
Howeve r ,  none of the nodules appearing at the end o f  the succeeding 
season were derived from the added bac terium, and all  of the p lants 
bore nodules generated by strains that were not as e ffect ive in the 
symbiosis  as the originally introduced microorgani sm (Bergersen 1970 ) . 

Poor eurvival i s  also evident in laboratory s tudies of  certain 
soi l s , even those at pH values near neutrality.  In one investigat ion, 
for e xample , the four test s trains of !• japonicum fared poorly , and 
three of the four decl ined to fewer than 10 , 000 per gram in 6 weeks or 
less  (Vidor and Mi l ler 1980 ) .  Neverthe le ss , some rhizobia maintain 
the i r  viabi l i ty for apprec iab le periods of time in other soils that 
are mois t and are not under temperature or pH s tress  ( Danso and 
Alexander 1974) . 

In the 1 9 50s and early 1960s , considerable attention was direc ted 
to the poor surviva l of rhizobia in Wes te rn  Austra lia which resul ted 
from a problem known as "second-year c lover mortality . "  In the 
problem area , c love r sown in certain soi ls became established and 
nodulated in the f irst year, but subsequent nodulation fai led to occur 
and the pl ant died in the second year .  Plant mortal i ty was attributed 
to the inability of the root nodule bacterium to survive from the 
first season to the second , an apparent consequence of t he high soil 
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temperatures and extreme des iccat ion prevailing in these sandy soils  
(Marshall  e t  al .  1963) . 

The problem of poor survival i s  not intrac table because s trains 
vary considerably in their  suscept ib i lity under natural condit ions . 
Wi thout considering for the moment the identity of the part icular 
stresses that result in the lo s s  of viability , it  is  evident that s ome 
s trains of R .  tri folii  persist poorly in the soils  of Austra l ia,  
whereas oth�r strains endure in  large numbers (Gibson e t  al . 1976 ) . 
Similarly , the steady-s tate populations of s trains o f  the same spe c i e s  
may b e  quite dif ferent a t  varying periods after  the sowing of 
inoculated s eeds (Chatel and Greenwood 1973b ) . 

As a rul e ,  the abi lity to endure in large numbe rs is thought to 
be a beneficial attribute of  Rhizobium used for seed inoculat ion. 
Pers istence is  not , however ,  a de sirab le trait for ind igenous rhi zobia 
which frequent ly--with their endurance o f  various s tresses--make it 
difficult  to introduce new effec tive strains to replace partia l ly 
e f fect ive indigenous organi.ms . 

BIOLOGICAL STRESSES ON RHIZOBIUM 

Al though Rhizobium s trains active in nitrogen fixation appear to  
compete  poorly wi th indigenous microorganisms and are part icularly 
susceptible to  predation,  e spec ial ly during the period the root system 
i s  ac tively deve loping and nodulat ion should occur , research des igned 
to overc ome the se problems i s  a lmost nonexistent . 

Evidence of the inf luence of indigenous microorgani sms on root 
nodule bacteria comes from several sources . In an early report on the 
fai lure of inoculat ion of subterranean c lover in certain soi l s  of 
Australia,  the indigenous microbial community was b lamed for 
preventing co lonizat ion of the rh izosphere by the added 
nitrogen-f ixing inoculum strain (He ly e t  a l .  195 7 ) . Simi larly , in 
areas of New Zealand it  was obse rved that establishment of whi te 
c lover was poor , even when l ime , ferti l izers , or micronutrient& were 
added to the soi l .  Establishment was succe ssful , however , i f  the 
indigenous microbial community was reduced by the app lication of  
antimicrobia l agent s .  These agents pre sumably reduced the act ivity o f  
components of  the indigenous c ommunity , thereby permitting the 
Rhizobium to co lonize the rhizosphere and bring about nodulation 
( Beggs 1961 , 1 964) . In tes ts of subterranean c lover ( Harris 1953)  and 
white c lover (Anderson 195 7 )  under more defined condit ions , i t  was 
observed that nodulation by e ffec t ive R .  tri folii  was reduced , 
delayed , or prevented by fungi or other bacteria .  Because the 
microorganisms re spons ible for these deleterious changes d id not 
usually produce ant ib iot ics act ing against the rhi zobia in culture , 
the harmful e f fects were attributed to competition. 
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In recent s tudies , it  was observed that rhizobia fai l to grow in 
soi l even i f  a carbon source they can use is  added in reasonab le 
amount s .  I f  enormous concentrations o f  the carbon source were added , 
however , prol i ferat ion occurred . Evident ly , the indigenous 
populations are better able than the rhizobia to make use of low 
concentrations of the organic compou·nd , but at high concentrations 
suffic ient quant ities  remain for the s low-growing and poorly 
competit ive root nodule bac teria . Moreover , if ant ibiot ics  toxic to 
many nat ive 1oil  bac teria but not to rhizobia are added to the soi l ,  
thereby suppre s s ing the potent ial  compe titors , the rhizobia are able 
to pro l iferate ( J .  Pena-Cabriales and M. Alexander, Corne l l  
University , unpublished data ) .  

Competition for l imited suppl ies o f  nutrients i s  probab ly an 
extreme ly important interaction among natural microbial  communi t ies . 
So ils are a lmost  invariab ly defic ient in read i ly available carbon 
compound s .  Because members of the genua Rhizobium and members of 
other genera of nitrogen-fixing bac teria grow s lowly , they are not 
presumab ly effect ive compe titors in soi l . Probab ly more than is  
pre sent ly realized , competition restricts the ac t ivity of  
nitrogen-fixing organisms , both free-living and those that , l ike 
Rhizobium, mus t compete in the rhizoaphere prior to invading the host 
plant . 

Means o f  overcoming or minimizing the impact of competition have 
not at trac ted wide spread attention .  One possible approach is  t o  app ly 
inhibitors to the seed (or pos sibly to the fol iage for chemica l s  that 
are trans located downward ) in the hope that these chemic als  suppres s  
the c ompet ing organisms but not the nitrogen-fixing spec ies .  It i s  
not d i f f icult to obtain such chemicals  for seed treatment s ince many 
of the commerc ial ly important fungicide s ,  inc luding those des igned for 
treatment of legume seeds , inhibit many bac teria , and the rhi zobia can 
be made re sis tant to these fungicide s .  Such an approach has been used 
with species of Rhizobium and with severa l  leguminous species . The 
chemicals  pre 1umab ly act , at l east in part , by inhibiting the 
indigenous bacteria , thus al lowing the introduced root nodule 
bacterium to pro l i ferate with minimal competit ion (Odeyemi and 
Alexander 1976) . 

Biologically formed toxins can inf luence the e stablishment of  
rhizobia on  roots . For example , extrac ts of soi l s  support ing c lovers 
that nodulated poorly were toxic to R. trifolii  growing in l aboratory 
media , and i t  has been postulated that such inhibitors restrict the 
deve lopment of rhi zobia in nature (Chatel and Parker 1 9 7 2 ) . If , in 
fact , soi l toxins affect the coloniz ing abi l i ty of these micro
organisms , it should not be difficult to add the capac ity to resist  
soi l toxins to the trai ts of e ffec tive rhizob ia . 

Predation seems to be a s igni ficant factor in reducing the 
populations of rhizobia and other bacteria that at times are 
abundant ly pre sent in soi l .  When art i ficia l ly h igh numbers o f  
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Rhizobium are added to soi l ,  their populat ion size is dras tically 
d iminished . This  dec line i s  paral leled by the pro l iferat ion o f  
indigenous protozoa , which apparent ly feed on the large numbers of 
rhizobia and reduce their dens ity apprec iably without e l iminating them 
(Danso et a l .  19 75 ) .  The high rhizobial dens i t ies needed to trigge r 
pro tozoan predat ion are not common in natural soi l s .  However,  as 
inoculated seed s imbibe water and begin to develop roots , the 
Rhizobium begins to  grow. As the potent ial prey for protozoa become s 
more numerous , the predators beg in to feed , thereby re stricting the 
s ize of the Rhizobium population . 

Studies o f  beans and !• phaseol i  suggest  that the protozoa are a 
maj or factor in the re s tricted growth of root nodule bac teria . One 
study found that the suppre ss ion of protozoa with thiram resulted in 
enhanced co lonizat ion of beans by !• phaseoli (Ramirez and Alexander 
1980 ) . In subsequent s tudies , i t  was noted that the abrupt dec l ine i n  
population o f  !• phaseo l i  around germinat ing seeds and their 
deve lop ing root systems was delayed if the seed was t reated with 
chemicals that inhibited the protozoa . Inhibit ion of protozoa by the 
fungic ide , thiram, was accompanied by a high initial rate o f  

_ nodulation by the t e s t  Rhizobium ,  a yield increase , and a greater 
amount of n itrogen f ixed by beans (Lennox and Alexander 1981 ) . 

Research des igned to deve lop strains that are more active in 
nitrogen f ixat ion is thus of l i t t le uti lity unt i l  a means of 
overcoming pro tozoan attack is deve loped . One s uch means is the use 
of chemicals  that inhibit protozoa but have no e f fect on ei ther  the 
hos t  plant or the rhi zob ia ,  and research in this direct ion has already 
been initiated ( Ramirez and Alexander 1980 , Lennox and Alexander 
1981 ) . It  i s  poss ible that Rhizobium strains less attrac tive to 
predators might be deve loped , but this  approach is  not l ike ly because  
of the diversity of protozoa and the wide range of bac teria they can 
consume . Nevertheless , bac teria l capsules or other surface s t ructure s 
may reduce the rate of predat ion to such an extent that the rhizobia 
are able to colonize the rhizosphere more extens ively . 

ABIOTIC STRESSES ON RHIZOBIUM 

So il Ac idity 

Soi l  acidity i s  a maj or reason for the absence  of nodulation and 
the fai lure of Rhizobium to co loni ze legume roots or to survive in 
soi l .  Yet few of the pre sent ly available , highly e ffec tive strains o f  
Rhizobium are ab le to to lerate low pH soi ls ,  and means of overcoming 
the problem are not being sought . 

Much of the wor ld ' s  arab le land--inc luding a high percentage o f  
that i n  tropical areas--is ac idic , and this , agronomists  agree , i s  a 
maj or cons traint to legume cultivation in these regions . Moreover ,  
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ampl e  evidence exists  that the survival , growth ,  and e ffec t ivene ss  of 
many o f  the mos t act ive s trains of  Rhizobium are influenced 
de leteriously at  low pH. 

Although many legumes are acid-sens i t ive , even when growing on 
fixed nitrogen , many grow we l l  unde r ac id conditions ; for examp le ,  
serrade l la grows a t  pH 4 . 0 ,  and white c lover deve lops readi ly a t  pH 
5 . 0  (Mulder et a l .  1966 ) . Even for a s ing le legume spec ies such as 
a lfalfa (Jo et a l .  1980 ) ,  tolerances to soil  ac idity vary among 
varie t ies , and plant breeders are endeavoring to deve lop variet ie s 
ab le t o  c ope with this  s ignificant stress . It has been observed for  
a l fa lfa ( Jo e t  al .  1980 ) and peas (Mulder et  al . 1966 )  that  nodulat ion 
i s  more markedly af fec ted at  low pH than root deve lopment or p lant 
growth . Apparent ly , some phase of the infect ion process  induced by 
the bacteria is inhibited at low pH, a l though root deve lopment and 
bacterial growth do not show this high sens i t ivity (Evans et al . 
1 9 80 ) . In o ther ins tances ,  as with Med icago t runcatula , the absence 
o f  nodulation in acid soils  may result  from the inabil i ty of 
R .  me l i lot i to survive or grow ( Robinson and Loneragan 1 9 70 ) .  
Nodulat ion fa ilures owing to poor survival of rhizobia in ac id so i ls 
are part icularly l ike ly when inoculat ion i s  not prac t iced every year,  
a common occurrence even in developed c ountrie s .  Indeed , frequent 
i noculat ion of legumes growing in acid soi ls was recommended nearly 
60 years ago (Bryan 1923 ) .  

I f  nodules are not formed a t  low pH value s ,  the p lant may deve lop 
using fixed nitrogen,  but the farmer doe s not get the spec ial bene f i t  
h e  expects  from legumes . Serrade l la and alfa lfa,  for example , 
continue to grow at the expense of fixed nitrogen even when the low pH 
prevents nitrogen fixation (Mulder et al . 1966) . 

Some species of Rhizobium do not mul t ip ly in culture even at 
moderate acidit ies ; R .  mel i lot i ,  for example , of ten does  not grow 
be low pH 5 . 3 .  Other-spec ies have grea ter tolerance , howeve r .  
Al though the p H  range for survival i s  expec ted to be wider t han t hat  
for  replicat ion ,  many of the  ac t ive nitrogen fixers fail  to survive in 
s teri le soil  at pH 5 . 2  (where suppression is not a result o f some 
harmful microorganism) (Lowendorf et al . 1981 ) . Nevertheless ,  st rains 
of a s ingle spec ies of Rhizobium vary in the ir pH sens itivity ,  whe ther 
sens it ivity is assessed by growth in culture , survival in s terile 
soi l ,  or nodulat ion of  hos t p lant s ( Lowendorf e t  al . 1981 , Munns 
et al . 1979 ) .  Such strains may be useful as legume inoculant&  because 
they nodulate at pH values at which other strains do not ( Mulder 
et a l .  1 966 ,  Munns et  al . 1 9 79 )  or because they can survive longe r in 
ac id soils  ( Lowendorf et  a l .  1981 ) .  

Ac id soils  also  frequently contain level s of  aluminum , manganese , 
or iron that  may be inj urious to nodulat ion or growth of rhi zobia . 
From the viewpoint of  deve loping res istance in the nitrogen-fixing 
symbios i s , only aluminum has received attent i on .  Rhizob ium stra ins 
th at vary in the ir abi lity to to lerate aluminum in cul ture can be 
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se lec ted (Keyser and Munns 19 79 ) , and differences in sens i tivity are 
also evident in the behavior of such s trains in soil ( P .  G. Harte l ,  
A .  M .  Whelan , and M .  Al exander , Corne l l  University ,  unpublished 
data) . Nevertheles s ,  the a luminum atre a a  in nature appears to affect 
the boa t  plant s and not the rhizobia (Munns et  al . 1981 ; P.  G .  Hartel , 
A. M .  Whe lan, and M .  Alexander ,  Cornell  Univers ity , unpublished data) , 
and thus efforts to overcome this atre a a  should be directed to the 
plant . 

Drought 

The drying of soil  baa a devastating effect on many rhi zobia , and 
the populations of highly effec tive atra ina are reduced catastrophi
cally .  Nevertheleaa , the biology of  drought tolerance in these 
rhizobia and ita exploi tation are rarely inve st igated . 

Nearly a l l  areas of the world are subj ec t to rain-free periods o f  
suffic ient duration t o  result in extensive drying o f  soi l ,  and the 
rhizobia that must  survive in these aoila  to bring about nitrogen 
fixation in the succeed ing crop may thereby become too few in number 
to cause extensive nodulation. With many s trains of all  spec ies o f  
Rhizobium , a s ingle exposure of the soi l to dry ing reduces the viab le 
populat ion by 99  percent or more , and several cycles of  soil  we t ting 
fo l lowed by drying , a common occurrence in nature , reduce the 
populat ion s t i l l  further (Pena-Cabriales and Alexander 1979 ) . With 
some strains of  the bacteria that infect Lotua corniculatus , the 
decline in soil  kept dry for several months--again, a common 
occurrence in many tropical regions--may be 10 , 000-fo ld (Foulds 1 9 7 1 ) .  

The c onditions under which water i a  lost  from the soil  affects 
the extent of  the dec line (Buahby and Marshall 1 9 77 ) .  Without 
quest ion, pro l onged drought or even a short period of dry ing is a 
maj or s tres s  on Rhizob ium , yet litt le information exists  on the soil  
properties affect ing the reduct ion in population size  and on microbial  
and other factors that are related to d i f fe rences among strains and 
soils  ( Bu shby and Marshall  1 9 7 7 ) , a lthough the type and amount o f  c lay 
are of great importance (Osa-Af iana and Alexander 1 982a ) . From 
observat ions that nearly hal f of the viab le cella  of some s t rains o f  
cowpea rhizobia survive one drying cyc le whereas more than 99 percent 
of the c e l l s  o f  other s trains d ie under ident ical circumstances 
( Osa-Afiana and Alexande r 1982b ) , it  appears that means can be devi s ed 
to obtain cul tures not seriously a ffected by the dry ing of soi l .  

High Temperatures 

High temperature s harm the survival and co lonizing abi l i ty o f  
effect ive rhizobia and nodulat ion and nitrogen fixation b y  legumes . 
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Neverthe les s , a s ignificant research program to obtain temperature
re sistant rhizobia or Rhizobium-legume associations has not been 
init iated . 

High soil  temperatures may occur at seeding t ime , during p lant 
growth , and fol lowing harvest . The period following harve st should 
not be ignored as survival of the bac teria at that t ime i s  important . 
In tropica l and subtropical regions as we l l  as in the southeas tern 
Uni ted State s ,  the temperature near the soil surface is  often above 
40°C and sometimes may reach 6o•c . Rhizobia are subj ect to these 
temperatures fol lowing harvest  and before sowing , after p lanting into 
ho t ,  dry soil  (as sometimes occurs in Australia) , or both . Some 
strains such as !• trifolii and s trains nodulating Lotus pedunculatus 
(Brockwe l l  and Phi l ips 1970 ,  Chatel and Parke r 197Jb) survive very 
poorly under these cond i tions . The death of R. trifo l i i  in the f ie lds 
of We stern Aus tra l ia i s  respons ible for the poor growth of 
subterranean c lover in the eecond year after p lant ing ;  the rhizobia 
fail to survive in appreciable numbe rs in the hot ,  dry soil  at the end 
of the f irst  season ( Chatel and Parker 1 9 73b ) . This  problem i s  not as 
great in soils  of  heavy texture and is prevented to some degree by 
certain c lays (Marsha ll  1964) . The moist  soils are more sens it ive to 
heat than dry soils (Wilkens 1967 ) , and marked dec l ines are evident 
even at 36°C ( Danso and Alexander 1974) . 

Rhizobia must  grow to colonize the rhizosphere and cause 
nodulat ion , and during the growth period the ir sens itivity to 
tempe rature i s  important . The optimum tempe rature s for growth in 
cul ture vary among s trains and spec ies , and value s  of  27-39 °C have 
been no ted . The maximum temperature s are general ly 35-39°C , but 
pro l iferation may take place up to 42 °C  (Al l ison and Minor 1940 , Bowen 
and Kennedy 1959 , Munevar and Wo l lum 198lb ) . Differences in growth 
and coloniz ing abi l i t ies probab ly exp lain why some strains are more 
ac t ive in nodulat ing soybeans at low temperatures and othe rs are more 
act ive at high temperature s (Weber and Mil ler 1972 ) . Studies  of Vicia 
atropurpurea and Medicago tribuloides confirm that ce rtain rhizobra--
form more nodules at  low temperature s ,  whi l e  others produce more at 
high tempe ratures ( Pate 1961 ) . Thus super nitrogen fixers could be 
easi ly d isplaced in  nature by less e f fective strains s imply because o f  
the ir tempe rature response s .  Furthe rmore , some strains o f  
!· leguminosarum fail to induce nodulat ion at Jo•c  even though they 
and thei r  ho s t ,  peas , grow at that temperature ( Fringe 1976 ) . In 
addit ion , temperature affects  the re lative act ivity of the rh izobia ; a 
bac terium that is highly effec t ive at one temperature is less  ac t ive 
at a d i fferent temperature (Munevar and Wo l lum 198la) . For the se 
reasons , greater nitrogen gains probab ly can be achieved by 
improvement s in the heat re sistance of the symbiosis . 

Rhizob ium s trains or spe c ie s  vary great ly in their  susceptibil ity 
to high temperature s .  R. me l i loti  survive s be t ter than R.  trifolii  on 
seed lying for long period s in hot , dry soi l (Brockwe l l  and Phil ips 
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1970 ) ; !• lupini and !• japonicum are less  suscept ible than 
R. tri fol ii  when in d ry soil  at e levated temperatures ( Chate l and 
Parker 19 73b , Marshal l 1964) . Rhizobium strains that nodu late and fix 
nitrogen s imilarly on Cicer ariet inum at  low temperatures exhibit  
d i f ferences in nodulat ion and nit rogen-fixing ac t ivity at 30 ° C (Dart 
et a l .  1976 ) . Thus it should be pos s ible  to obtain or devise rhizobia 
able to  survive , grow , or fix ni trogen in high temperature regions . 

Sa l inity and Alka l ini ty 

Nodulat ion and survival of e f fec t ive rhi zobia are a f fected 
dele terious ly in sal ine and alkal ine soi l s .  Cons iderable at tent ion 
has been given to the e ffec t s  of s a l t s  on rhizobia growth in cul ture 
but not to f inding means of overcoming poor bac terial survival or the 
sens i t ivity o f  nodulat ion. 

Many soi l s  rich in salt  and with high pH va lue s  are o ften 
cons ide red undes irable for legume s .  For examp le ,  berseem c love r ,  
guar,  cowpeas ,  and lent i l s  nodulate poorly in the high ly sal ine-a lka l i  
so i l s  of Ind ia ,  and peas may b e  who l ly devo id o f  nodules  (Bhardwaj 
19 74) . Studies performed t o  e s tab l i sh the e f fect o f  s a l t s  on the 
growth of  rhizobia in cul ture have found that high s a l t  leve ls  are 
usua l ly required to inhibit growth of the bac teria ( Ethiraj et a l .  
1972 , Mendez -Ca stro and Alexande r 1976 , Ste inborn and Rough ley 1 9 75 ) . 
Compari sons of the sensi t ivities o f  microorganisms and p lant s , 
moreove r ,  show that bac te ria can prol i ferate at salt  leve l s  that 
prohibit  growth of the hos t  ( Bhardwaj 1 9 7 5 ) . However ,  one cannot 
assume that , because rep l icat ion of the bac teria is not serious ly 
af fec ted , there are no problems re lated to the symbios i s . Firs t , 
rhizobia do not survive in some of these soils  (Bhardwaj 1975 , Pant 
and Iswaran 1 9 70) , and it is not certain whe ther it i s  pos s ible to 
exploit  the d i f fe rences among Rhizobium st rains in s a l t  tolerance 
e i ther for growth or the abi l ity of some rhi zobia to "acc l imate" or 
mutate to even higher leve l s  of salt  tolerance , as has been shown 
several t ime s ( Ethi raj e t  al . 1 9 7 2 ,  Mendez-Cas t ro and Alexander 1 9 7 6 ,  
S te inborn and Rough ley 1975 ) . Second , nodulation is more sens i tive to 
these s tre s ses  than root deve lopment , at  least for soybeans ( Berns tein 
and Ogata 1966 ) , and alkali- and sa lt-induced delays in nodulation of 
berseem c lover and lent i l s  may resu l t  in reduced y ie lds ( Bhardwaj 
1975 ) . 

Fungicides 

Many fungic ide s reduce and some abo l ish nodulat ion by s trains of 
Rhizobium used in inoculants , prompt ing the deve lopment of seve ra l  
ways to  m inimize the prob lem • 
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Th� seeds of many legumes are a t t acked by a varie ty of p lant 
pa thogens , e specially fungi , somet ime s greatly reduc ing yields . In 
c ountries  in which f arme rs can af ford to purchase fungic ides , the 
chemicals  have been wide ly used , even after i t  was rea lized tha t  they 
a re harmful to Rhizobium. Seed-appl ied fungic ides are not spec i f ic 
for p l ant pathogens or even fungi , and many ki l l  rhi zobia and rende r 
the added inoculant usele s s .  Thus , for examp le , the number of 
!• phaseo l i  added to bean seeds dec l ine s  when the fungic ide s thiram, 
c aptan , or PCNB are app l ied to seeds ( Graham e t  al . 1980 ) .  
Furthermore , some o f  the be s t  seed-protec t ing chemicals  a l so reduce 
nodu lation by !• phaseo l i  (Graham et  al . 1980 ) , ! ·  japonicum ,  and 
!• l eguminosarum ( Stovold and Evans 1980 ) .  Such decreases in 
nodulation of  the peanut lead to reduced nitrogen fixat ion and pod 
y ield ( Chendrayan and Prasad 1 9 7 6 ) . 

Several methods have been proposed or are used to minimi ze the 
impac t  of these fungicides . Because the chemicals  vary grea tly  in  
the i r  effect  on rhizobia ( Curley and Burton 1975 , Diatloff  1970b ) , a 
s imp le approach i s  to use those seed protec tant s that have the least  
de leterious e f fec t s .  Unfortunate l y ,  the se are not always the mos t  
des irable chemicals  f o r  contro l o f  the pathogens . A s econd approach 
involves covering the fungicide-treated seeds with a coat ing materia l ; 
poly (viny l  acetate)  has been used for th is  purpose ( Diat loff  1 9 7 0a ) . 
A third approach obtains fungic ide-re s i s t ant mutant s derived from 
e ffec t ive rhizobia and applies them to the seeds t ogether w i th the 
chemic a l s  (Odeyemi and Alexander 1 9 7 7b ) . Each procedure i s  more 
useful in permi t t ing nodulat ion or increas ing yields than the 
conventional practices  used by farmers . Neve rtheles s ,  because of 
wide-rang ing farming prac t ices and the cont inua l introduc t ion o f  new 
fung ic ides and d i f ferent rhizob ia , fungic ide toxic i ty remains an issue . 

L IMITATIONS ON NITROGEN F IXATION 
BY BLUE-GREEN ALGAE ( CYANOBACTERIA) 

The abi l ity of farmers in Asia to  grow lowland r ice for m i l lenia 
with no input o f  f ixed ni trogen has been a t t r ibuted to the ac t ivity of 
b lue-green a lgae ( cyanobac teria ) . Although insuff ic ient ni trogen i s  
fixed for high yields of  rice , l i t t le at tention has been g iven t o  
de f ining why so l i t t le ni trogen i s  f i xed in  paddy f ie lds unde r  natura l 
cond i t ions . 

The b lue-green a lgae natura l ly pre s ent in paddy f i e ld s  o r  added 
by inoculat ion rare ly fix nitrogen to the extent that i s  a s s umed to be 
their potent ia l .  S tud ie s  o f  the eco l ogy of these a lgae have revealed 
that  several factors limit their  nitrogen-f�x ing ac tiv i t y .  
Insuffic ient pho sphorus is  o ften found i n  the wate r phase above the 
soi l , and insu fficient i ron may l im i t  a l ga l deve lopment in wa t e rs tha t  
are at  h i gh p H  o r  become a l kal ine during photosynthe s i s . In t he 
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absence of adequate leve ls of the se elements , excellent nitrogen 
f ixers can do very little , whi le add itions of these nutrient s 
stimulate growth and nitrogen fixation. Most blue-green algae grow 
poorly be low pH 6 . 0 ,  where they become inactive , are d i sp laced by 
green algae , or both in waters of even sl ight ac idi ty .  Thus , nitrogen 
fixation and deve lopment of blue-green a lgae are corre lated wi th soil  
pH  (Roge r and Reynaud 1979 , Wi lson and Alexande r 1 9 79 ) .  Competition 
wi th algae that fix l i t t le or no nitrogen may a l so reduce the nitrogen 
gain potentia l ly brought about by the photosynthe t ic prokaryote& 
(Wi lson e t  a l .  1 9 7 9 ) . These organisms are also quite suscep t ib le to 
graz ing by inve rtebra tes that somet ime s flourish in the water ,  and 
os tracod s (Grant and Alexander 198 1 ,  Wi lson et a l .  1980 ) and daphnids 
(Roger and Reynaud 1979 ) may proli ferate at their expense . 

Each one of these limitat ions can probab ly be overcome . The 
phosphorus ( Roger and Reynaud 1 9 79 ) and iron (Ryther and Kramer 1961 ) 
required for op t ima l algal growth vary apprec iab ly so that inocu lant 
s trains with a low nutrient demand cou ld be deve loped . (Recommending 
the addition of phosphorus to the water is not an at tract ive opt ion 
for poor farmers . )  The ac id l imitation may be overcome by us ing or 
deve loping inoculant & of  ac id-tolerant , b lue-green algae .  The 
occurrence of such algae in some mode rately acidic so i l s  sugge s ts that 
thi s  is not a far-fetched option .  Competition from other algae may be  
reduced by us ing herbicides , many of which are algicidal , together 
with an inoculum cons ist ing of a herbicide-resistant cyanobac terium . 
This has been done in laboratory studies of paddy soi ls treated with 
s imetryne and a variant of  Aulosira spp . that was resistant to this 
herbic ide (Wi lson et a l .  1979) . Because the invertebrate graze rs and 
not the nitrogen fixers are suppre ssed by insectic ides ( Osa-Af iana and 
Alexander 1 981 ) , they represent a feas ible means of increas ing algal 
activity . However,  the cost of  herbic ides and insec t ic ides may be too 
high for mo st  rice farmers in deve lop ing countries , and a more 
attrac tive approach might invo lve finding algae that are better 
compet itors or are less suscep tible to predation .  The l iterature of 
l imnology and oceanography ind icates that predator-re sistant algae are 
reasonab ly common in aqua t ic environment s .  

Some of  the ecological factors that govern ni trogen f ixat ion by 
blue-green algae also l imit the growth and activity of Azo l l a .  
Phosphorus i s  a maj or l imiting nutrient , and i t s  addition to paddy 
water enhance s  Azol la deve lopment and nitrogen fixation ( S ingh 19 7 7 , 
Ta l ley e t  a l .  1981 , Watanabe et a l .  1981 ) . Moreover, some Azolla 
populations may be more efficient than others in us ing phosphorus 
(Tal ley et a l .  1981 ) . Iron also some time s restricts  the growth and 
ac t ivity of the fe rn symbiosis (Tal ley et al . 1981 ) ,  and Azo l l a ,  l ike 
algae , fails  to deve lop i f  the pH of  paddy soils  i s  low ( Singh 19 7 7 ) . 
In add it ion , the fe rn , l ike the free-living a lgae , is  subj ect to 
attack by pests , but this can be contro l led by insec t ic ides 
( Singh 1 9 79 ) . Temperature also great ly affec ts growth ; Azo lla 
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mexicana flourishe s  at warme r tempera tures , whi le A. f i l iculoides 
grows we l l  at cooler temperature s ( Rains and Tal ley 1 9 79) . 

CONCLUS ION 

From the standpoint of the microbial contribution to symbiotic 
ni trogen fixat ion and to nitrogen fixat ion by blue-green algae in 
paddy fie lds , the factors l imiting ni trogen f ixat ion are rare ly the 
lack of highly e f fective strains of Rhizobium or of blue-green a lgae 
potent ially act ive in f ixation . The l imiting factors are nearly 
always the absence of strains adapted to ecologica l ly signi ficant 
stre s ses in soil  or in paddy fie lds . Bas ic and app l ied research that 
i s des igned to increase food production ,  whether in the long or short 
run , should seek to define these s tresses and find means to overcome 
them. 
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Plant Cell and Tissue Culture: An Overview 

G. B. COLLINS 

INTRODUCTION 

The need for new and innovat ive re search me thods that wi l l  lead to  
increased agricultural produc tivi ty cannot be stressed too strong ly .  
Gene t ical ly superior c rop variet ies and effic ient produc tion prac t ices  
have enab led farmers in the Uni ted S ta tes and in other  developed 
c ountries to increase product ion s tead i ly for the past severa l 
decades , and they are equa l ly important to increased agricul tural 
output in  deve loping countrie s .  

The app l icat ion o f  convent iona l p lant breeding methods and 
performance testing for manipulat ing and evaluat ing use ful gene t ic 
variation wi l l  probab ly cont inue to be the primary approach leading t o  
deve lopment of  superior plant var iet ies . Howeve r ,  much excitement and 
potential have been provided by the rapid deve lopment of p lant c e l l  
and tissue cul ture methods , recombinant DNA technology , and addit iona l 
molecular approaches to c rop improvement ( see Marx 1982,  Good in 1982) . 

Plant c e l l  and tis sue cul ture has a lready contr ibuted 
s igni ficant ly to crop improvement and o f fers great potent ial for the 
future . Manipulat ions of gene t ic material us ing plant ce l l  and t i s sue 
cul ture provide input to plant b reeding e f fort s at two leve l s . The 
firs t is to make ava ilab le to breeders materials such as gene t i c  and 
cytogene tic variants , hap loids , wide-cross  hybrid s ,  d i sease-free 
stocks , and large numbe rs of propagules . The second and pos sibly the 
mos t important long-range contribut ion of p lant c e l l  and t i s sue 
culture methods is to provide the bridge be tween mo lecular gene t ic 
eng ineering techniques and p lant breeding . Most  scheme s envisioned 
thus far for gene , chromosome , and organe l le t rans fer , which util ize a 
wide variety o f  tes ted and untes ted systems for del ive ring the donated 
material , require a cultured ce l l  or  t i ssue of the rec ipient plant 
species . Thus p lant cell  and t i s sue cul ture methods and their 
applications deserve to be ful ly as sessed for crop improvement 
purposes . 

- 230 -
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Economic plant s pec ies  represent a dive rse as sortment of 
bio logical types inc lud ing annual s  and perennials , herbaceous and 
woody spec ies , monco ts  and d icots , s e l f- and cross-po l l inated groups , 
those that are vegetative ly propagated , and apomic tic  forms . The 
reproduc t ive cycles  of the se p lants  vary wide ly , and they are 
mul tice l lu lar , highly d i f ferentiated organisms that cover a mas sive 
range of s izes and morphological forms . Plant cell  and tissue culture 
provides a sys tem for potentially reduc ing any p lant species to the 
s ing le-c e l l  state . Such ce l l s  can be grown and manipulated unde r 
asep t ic c onditions in the laboratory where as many as 5 t o  500 mi l lion 
ce l l s  or ce l l  aggregates may be contained in a s ing le cul ture flask.  
As suming that s ing le cells can be selected and ultimately regenerated 
into whole  p lants , the ef ficiency in sheer numbe r of expe rimental 
uni t s  i s  s triking , espec ially when contrasted to whole plant s 
number ing only in the thousands per acre of land . In addi tion to 
being able to grow p lant ce l l s  as s ing le units , i t  i s  now pos sible to 
produce protoplast&  by enzymatical ly removing the ce l l  wal l .  Many 
manipulations can be carried out at the protoplast  leve l and for a 
number of spec ie s the cultural requirements have been defined so that 
an adu l t  plant can be regenerated from a s ing le protoplast or  fused 
protoplas t &  from two different species . Such in vitro manipulations 
of pro toplas t & , cel l s ,  t i s sue s ,  and organs of p lants for the purpose 
o f gene rat ing or fac i l i ta t ing the produc tion of useful improveme nts in 
agricultura l  crop species wi l l  be addres sed here . 

HISTORY OF PLANT CELL AND TISSUE CULTURE 

The earliest  we l l-documented e f fort to use p lant t i s sue cul ture 
was recorded at the turn of the century by Haberlandt ( 1 902 ) when he 
attempted t o  regenerate plants from s ingle ce l l s .  Very l i t t le 
progre s s , however , was recorded unt i l  the 1 930 s .  Three key stud ies  
inc lude Wh i te ' s ( 1939)  e s tab li shment o f  an art ific ial nutrient med ium 
for the succe s s ful culture of the Nicotiana glauca x !· langsdorfii  
hybrid and the succe s s ful definit ion o f  the requirement s for the 
long-term cul ture of  carrots  reported in the same year by Gauthe ret 
(19 39 ) and Nob�court ( 1939 ) . 

Al though many pioneering s tudies on plant c e l l  and t i s sue cul ture 
could be c ited , only a few wi l l  be ment ioned here . The importance of  
auxin to cytokinin ra t ios ( growth regulators ) for  achieving d i f ferent 
forms of plant t i s sue growth in culture , inc lud ing morphogene s i s , was 
provided by Skoog and Mi l ler ( 19 5 7 ) . The dis covery of somatic  
embryogenes i s  in carrots  and the  e laboration of this  plant 
regenerat ion proce s s  by Steward ( 19 5 8) s t i l l  serves as a mode l sys tem 
today . Bergmann ( 1960 ) pioneered s ing le-cell  c loning of plant ce l l s .  
Th e  cul ture med ium devised b y  Murashige and Skoog ( 19 6 2 )  for t obacco 
has served as the s tart ing point for the deve lopment of refined growth 
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med ia for dozens of plant spec ies in last two decades of active 
re search on plant t i s sue cul ture . The ini tial  work by Cocking ( 1960 ) 
on plant protop last  isolat ion and culture has been of comparab le 
s igni ficance to the deve lopment of  protop last techno logy . Bourgin and 
Ni tsch ( 1967 ) attracted the attent ion of the sc ienti fic communi ty with 
the produc t ion o f  haploid p lants by anther culture in Nicot iana . 
Carlson e t  al . ( 1 972 ) set  the s tage for an extensive research e f fort 
on plant pro toplast&  when they successful ly produced a somatic c e l l  
hybrid b y  fus ing protoplast& of two Nicotiana spec ies . Fina l ly ,  
t ime ly reviews o f  plant c e l l  and t i s sue culture are avai lab le as  
edi t ed volumes by Street ( 19 77 ) , Reinert and Baj aj ( 19 7 7 ) , Vas i l  and 
Va s i l  ( 19 80 ) , Conger ( 198lb ) , and Thorpe ( 1981 ) .  

TISSUE CULTURE TERMINOLOGY AND BAS IC TECHNIQUES 

Me thods 

The term "plant t i s sue cul ture" has been rather general ly app lied 
in the recent l iterature to a l l  forms of plant cul tures grown 
in vitro ,  ranging from und i f ferent iated s ingle-uni t protoplas t&  to 
comp lex mul tice l lu lar and high ly organi zed organ cul tures . The most 
frequent ly encountered type s of  p lant t issue cul ture s i�c lude c a l lu s , 
c e l l  suspens ion , organ , meris tem t ip ,  and protoplas t :  

• Ca l lus culture . Mas se s o f  unorganized ce l l  c lus ters grow on 
the surface of an agar solidi f ied nutrient growth medium. 
Ini tial  explant t i s sue sources commonly used inc lude 
embryonic , seed l ing , mature veget at ive p lant parts , or 
reproduc t ive t i s sue s such as ovu le s .  Tis sue is ordinari ly 
subcu ltured at 2-4 week interva l s .  

• Ce l l  suspens ion cul ture . Plant c e l l s  and c e l l  aggregates 
grow in liquid growth med ium with agi tation for aerat ion and 
to break up ce l l  c lus ters . Ini t iat ing t i s sue for the culture 
is eithe r cal lus or wounded vege tative t issues as described 
for cal lus ini tiat ion . Subcul turing routine ly take s p lace at 
3 . 5- or 7 -day interva ls  by d i lut ion into fre sh culture 
medium . 

• Organ culture . Plant organs such as roots , shoot s ,  embryos ,  
anthe rs , ovaries , and ovules are introduced into cul ture on 
an agar s o l idi fied growth med ium or often with a s o l id 
support and a wick contact to a l iquid medium. Subculture is 
normal ly at interva ls o f  2-4 weeks , fol lowed by trans fer to 
media with a d i f fe rent nutr i tional and hormonal composition 
to obtain a spec ific growth re sponse . 

• Meris tem t ip culture . Shoot meristem t ips o f  varying s ize , 
depending on plant spec ies and experimental obj ect ive , are 
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inoculated into culture on an agar solidified med ium. 
Ei ther s ing le complete p lants or pro l iferation o f  large 
numbers of shoot buds may be generated by contro l l ing media 
composit ion and culture condit ions . The f inal s t age o f  
culture genera l ly invo lves trans fer of p lants to a 
root-induc ing med ium . 

• Protoplast cul ture . Protoplast& are mos t  frequent ly i so lated 
from leaf mesophyl l  t issues , root t issue , or  c e l l  suspens ion 
culture s  by enzymatic d igest ion , fol lowed by c lean-up and 
concentrat ion steps . Protoplast&  are cultured in l iquid 
medium to perform manipulations and subsequent ly to achieve 
c e l l  wal l  regene rat ion and ce l l  division ,  fo llowed by 
transfer to agar med ium for cal lus pro l i feration and plant 
regeneration .  

Al l the se cul tures are grown in temperature- and l ight-control led 
faci l i t ies . Growth media component s inc lude major and minor i norganic 
nutrient s a lt s ,  organic component s inc lud ing vitamins and amino acids , 
s ucrose as the typical carbon ene rgy source , and phytohormones .  
Frequent ly , comp lex organic add it ives such a s  coconut water,  casein 
hydro lysate , and yeast extract are incorpora ted in the growth med ium, 
pre sumab ly to compensate for unde fined nutrit iona l or hormona l 
requirement s .  

The fac i l i t ies  and e quipment needed for carrying out plant ce l l  
and t i ssue culture research are rather modes t .  Maj or items of 
e quipment inc lude an ana lytical balance , autoclave , dry s teri l izing 
oven , pH meter , glass  d i s t i l led water source , laminar f l ow hood , 
microscopes (d i ssecting ,  inverted , and compound b inocular ) , gyratory 
shaker ,  table-top centrifuge , incuba tor , and refrigerator . Chemical s ,  
glas sware , and rout ine laboratory supplies are also  required . 

Limitations 

In Vi tro Me thod s .  To use p lant c e l l  and t i s sue culture methods 
to improve a given crop species , i t  i s  ne ces sary to have eff ic ient 
in v itro method s for that crop , inc luding , ideally , a l l  of  the 
cultureS l i s t ed above . Unfortunate ly , thi s  is  not the case for very 
many plant species out s ide o f  the Solanaceae . A recent ly pub l ished 
monograph edi t ed by Conger ( 1 98la ) reviews the status of in !!!!£ 
methodo logies for agricul tural crop groups inc lud ing ornamentals , 
frui ts , vegetables , agronomic crops , and trees and reveals  that a l l  
type s o f  in  vitro cul ture s are pos s ible f o r  only a few spec ies . 

A basic  problem encountered in ach ieving in vitro culture 
capa b i l i ty with a l l  p lant spec ies , e spec ially with genotype s o f 
agr icultural importance ,  is the gene ral l ack of quant itative 
inf ormation on the physiology , b iochemi s try , and deve lopmental aspec t s  
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of plant ce l l s  in culture . Success ful cu lturing of most  species has 
been achieved us ing empirical approache s that involve manipulation o f  
tissue explant s from a restric ted numbe r of genotypes o n  media varying 
in nutritional and hormonal component s .  The specific roles and 
interactions of growth regulators , inc lud ing auxins , cytokinins , 
absc isic  acid , and gibbere llin& ,  are poorly unders tood . 

Although in vitro sys tems are we l l  developed for tobacco , pot ato , 
petunia , carrot; and a few other plant specie s ,  the informat ion 
gathered in the process of achieving succe ss ful cu ltures for these 
plants is not readily trans ferrable to other important crop p lants . 
This does not imp ly ,  however,  that lit t le progre ss  has been made in 
placing plants into in vi tro cul ture in the re lative ly short period o f  
concentrated research: Cal lus , suspens ion , and meristem tip cultures 
are , in fac t ,  now possible for hundreds of plant species ( Conger 
198lb ) . It i s  not neces sary to achieve all  types of in vitro culture 
capabi lity to make use of one or more avai lab le cul tural sys tems for 
the specie s .  For examp le ,  in vitro clonal propagat ion has been used 
extens ive ly for many years for-orn8mental species using meris tem t ip s  
o r  other vege tat ive tissue explan t s .  

Regenerat ion of Complete P lant s .  Another maj or prob lem is the 
inabi lity to regenerate comp lete p lants  from s ing le ce l l s  and 
protoplas t & .  To b e  agriculturally use ful , transformed cells , se lected 
variant ce l l s , heterokaryon fus ion products , and haploid microspores 
must  be c apable of regenerat ion into a complete plant and ultimately 
production of vegetat ive progeny or seed that expres s  the desired 
trait . The plant regenerat ion problem has been part icularly difficult  
in such important groups as the gras ses , cereals , and woody spec ie s . 
However ,  p lant regenerat ion has been recent ly recorded for d i f ficult 
s pecies such as corn via soma t ic embryogenes is from scutel lar callus 
(Lu et  al.  1982) , and plants have been regenerated from protoplast& of 
orange , mandarin , grapefruit , lemon , and sour orange (Vardi et  al . 
1982) . In the case of corn and the c itrus specie s c i ted above , 
embryonic exp lant tissue sources  we re nece ssary to achieve 
regenerat ion. Restrict ions on plant regeneration from ce l l  cultures 
often inc lude exp lant source (embryonic or j uveni le ) ,  genotype of 
explant donor , and l imited period for which the culture can be 
maintained before regenerat ive potential is lo s t .  

Gamborg and Shy luk ( 1981 ) l i s t  4 5  crop p lant s for which plant s 
have been regenerated from tissue cultures , inc lud ing 25 agronomic 
specie s ,  11 tree species , and 9 vegetable species . Few o f  these 
examples involved regeneration from the s ing le-cell  level . 

Evans e t  al . ( 1981 ) addre ss  the que s t ion o f  p lant regenerat ion in 
a d i f ferent manne r .  They have clas s i f ied successful repor ts o f  p lant 
regenerat ion on the bas is  of whe ther plant recovery was by 
organogenes i s  or somatic embryogenes is , and further noted explant 
sourc e ,  media,  and hormone concentrat ions used . In the ir survey , they 

• 
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found 2 6  crop and 14 noncrop s pecies capab le of p l ant regeneration v ia 
somatic embryogenesis , with vegetable and tree spe c ies dominat ing the 
c r op l i st . Twenty grass  and cereal crop species and hybrids have 
reportedly regenerated plant s via an o rganogenic pathway . Important 
c rop spec ies in the group inc lude Indian grass , fescue , sugarcane , 
bar ley , m i l let , wheat ,  oat s ,  rice , sorghum, and corn .  An add itional 
43 c rop spec ies excluding the Gramineae (gras s e s )  have been reported 
c apab le o f  regenerat ing plant s e i ther d irec tly  or ind irec t ly through 
an intermediate cal lus stage via the mechani sm of organogene s i s . The 
s t atus of addi t ional types of t i s sue and c e l l  cul tures for crop p l ants 
such as anther , protoplas t ,  meris tem t i p ,  ovule /ovary , and embryo wi l l  
b e  provided a s  spec i f ic areas of  app licat ion are d iscussed . 

Cytogene t ic and gene t ic variabil i ty have been repeated ly 
documented in plant ce l l  and t i s sue cul tures . Chaleff  ( 1980 ) o f fers 
examp les for several plant species of chromosomal and gene t ic change s 
i n  cul tured ce l ls and in plants regenerated from them , and , of course , 
numerous examp les also exi st of the regene ration of cytologic a l ly 
normal plants from t i s sue cul ture s .  In general , less  variab i l i ty i s  
encountered in p lants  regenerated from short-term cul tures , in 
cul tures where regeneration is by somatic  embryogenesis  versus 
o rganogene s i s , and from organized shoot meristem cul tures . 
Aberrat ions in regenerated p lants usual ly take the form of  
morpho logical  al terat ions , albinism, and s terility .  Variabil ity 
g enerated or perpetuated in p lant c e l l  cul tures i s  not necessari ly bad 
i f  the deleterious e f fects can be avoided or managed , and if use ful 
variat ions c an be se lected and ut i li zed as has been so apt ly 
demonstrated in the case of sugarcane and po tato improvement . 

A maj or proport ion of the rea lized and ant ic ipated app licat ions 
of p lant ce l l  culture techniques to crop improvement involves the 
recovery of a gene , hybrid , haploid , or otherwise altered p lant . 
Th i s , however ,  represents only the first  step in a tradit ional 
b reeding procedure for the crop . More o ften than not , severa l years 
wi l l  be required to es tabl ish the new trait  in an acceptable gene tic 
background and to  evaluate its performance and its pos s ib le e ffec t s  on 
the agronomic ,  chemical ,  and qua l i ty t rai t s  of the crop . Furthermore , 
c e l l  culture methods are not app l icab le to d i f ferent crop species w i th 
equal succes s .  Rather , e ach spec ies or crop must  be cons idered 
ind ividua l ly regard ing i t s  b io logy ( sexual ve rsus vegetat ive ly 
propagated , annual versus perennial , se l f-pol l inated ve rsus 
cro s s-po l l inated , dip loid versus polyploid ) and i t s  cultura l 
c apab i l i ty in vitro . The in vitro method chosen is then cons idered as 
a too l  for ;Be with the appropriate breed ing procedure . 
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SPEC IFIC APPLICATIONS OF PLANT CELL 
AND T ISSUE CULTURE IN CROP IMPROVEMENT 

Plant ce l l  and tissue culture methods c an be appl ied in the 
fol lowing areas : 

• Clonal propagat ion 
• E l iminat ion of d isease 
• Long-term s torage of germ p l asm and germ plasm exchange 
• Wide hybridizat ion and gene trans fer 
• Produc t ion of hap loids and homozygous breeding l ines 
• Generat ion of genet ic variat ion and variant select ion 
• Genetic  engineering of economic p lant species 
• Bas ic physiological /deve lopmental gene tic  studie s .  

These areas are l i s ted somewhat arbitrari ly and serve only to 
categorize research for di scuss ion . Some over lap between areas i s  
obvious , and addi t ional or alternat ive d ivis ions and subd ivisions o f  
re search areas are possible . Even add i tional app l icat ions of  t i s sue 
and c e l l  culture can be envisioned . 

Clona l Propagat ion 

In vitro me thods have been used extens ive ly for a sexual 
propagation of crop spe c ies , and the procedures have become we l l  
deve loped and very import ant commerc ially  ( see Conger 198lb , 
Cons tant in et a l .  1 981 , Tome s et al . 1982 ) . Reasons for choos ing an 
in vi tro system for c lonal propagation inc lude ease and e fficiency o f  
increase, maintenance of  he terozygosity ,  and sexual s te r i l ity or 
incompat ibi lity problems . Produc tion of  suffic ient numbers of  p lant s 
of a unique genotype for evaluation and further development i s  the 
t ypical obj e c t ive of c l onal propagat ion, espec ial ly in cases where 
seed produc t ion is not pos s ib le . I t  a l so has use ful app l icat ions in 
breeding and basic research s tudie s .  

Clonal propagat ion is  accomp l ished b y  mul t ip l icat ion o f  axil lary 
shoots , advent i t ious shoot product ion, or somat ic embryogenes i s  
(Murashige 1978 ) . I n  vitro c lonal propagation procedures have been 
appl ied rather extensive ly to ornamental s ,  vege table s ,  and frui t 
crops . Orch ids were the first p l ant to be propagated commerc ial ly 
uti l i z ing in v i tro methods . Accord ing to Hughes ( 19 81 ) , t i s sue 
cul ture techniques have been used to propagate spec ies from more than 
40 fami lies exc lus ive of the wide ly propagated Orchidaceae . Skirvin 
( 1981 ) sugge s t s  that a l l  fruit crops could be grown in culture 
provided pat ience and resources were not l imit ing . Bot tino ( 1981 ) 
notes that at least 24 vegetab le crops are being propagated us ing 
in vi tro techniques . The se methods are being used on a large scale 
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for nursery potato produc t ion , and several other examp les of research 
and commerc ial applicat ion are sugges ted for vege table crops such a s  
asparagus , caulif lowe r ,  and cassava . 

Clonal propagation has not been used to any extent for commerc ial 
purposes in agronomic crops . In fac t ,  as Conger ( 1 98la ) sugge s t s ,  
mos t  agronomic crops are seed propagated , and i n  vi tro c lonal 
manipulations are large ly re stricted to the research needs of 
maintaining specific genotypes or pro l i ferating a rare s teri le , or 
sexua l ly incompat ible , genotype . Mott ( 1 981 ) i s  opt imistic  about the 
future potential for woody s pecies where special problems of p lant 
s i ze and generat ion t ime p lace a high premium on the deve lopment of 
in vi tro t ime-saving techniques . Seve ral woody fruit tree 
species--Malus , �. �. Vitia , Rubus , Ribes , Ac tinidia,  
Vacc inium , and Horus--have already been successfully induced to 
produce mul t ip le shoots and to root in vitro (Lane 1982 ) .  Prac t ical ly 
all  of  the woody spec ies work has been reported in the past 
6-10 years .  

A new d imens ion and role for i n  vitro progagation can be 
envis ioned if the e ffic ient produc tio�somatic embryos can be 
e stablished in more species of economic p lant s .  This wou ld p rovide 
large numbers of propagules characte rized with a low frequency of 
aberrations for use in conj unction with f luid dri l l ing technology . 
This me thod is more like ly to be feasible with high-income crops  such 
as vege tab les ,  al though application to other crops is pos sible , 
e special ly where diseas e ,  space , and seasonal transplant problems may 
be s evere . 

The extens ive list  of p lant spec ies for wh ich buds , shoot s ,  
embryoids , o r  p lant s  have been produced in vitro i s  indicative o f  the 
interest  in and potent ial of c lonal propagat ion in crops , even in view 
·of caut ions that have been expressed (Vas il  and ·vasil  1980 ) . 

Eliminat ion of  Di sease 

One of the mos t  important appl icat ions of  tissue culture to date 
has been the use of meris tem t ip culture to eliminate viruses from 
infec ted p lant s .  This invo lves the asept ic inoculat ion of the 
meris tematic dome and one o r  more leaf pr imord ia into cul ture on a 
simple nutrient agar . Quak ( 19 7 7 )  and Wa lkey ( 1978 )  have out l ined the 
bas i c  procedure and i t s  app lication to economic plant spec ies to  
e l iminate viruse s .  Both reviews list  species  s tudied and d i scuss the 
effic iency of inc lud ing a heat treatment to improve the success  rate 
for e liminating viruses . 

The maj or app licat ion of  the meristem t ip cul ture method is in 
vegetative ly propagated spec ies whe re parental clones have become 
infected by a virus .  Meristem tip  cul ture has at least two advantage s 
over other types of  tissue culture for e l iminat ing viruses : ( 1 )  the 
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integri ty of the original plant or c lone i s  maintained with minimal 
genetic variation ,  and ( 2 )  the methods deve loped for meris tem tip  
culture are relative ly straight forward and c an be used direct ly or  
with  s l ight mod i ficat ion for  c lonal progagat ion.  ' 

Scient i s t s  disagree as to how the  meris tem t ip culture e l iminates 
a virus . The host species , the virus , and growth condit ions are 
cons iderations . In many instances ,  the virus may res ide in the 
meristem t ip so that one or more of the me thods for v irus indexing 
must  be applied to the regene rated p l ant s .  

Although the use o f  meristem t i p  cul ture for virus e l iminat ion i s  
c i ted as the mos t  wide ly used and s ignificant cont ribut ion of  tissue 
culture to crop improvement (Conger l98l b ,  Daub and Carlson 1 98 1 ) , the 
plants obtained should be evaluated for yield and qual ity .  Wa lkey 
( 19 78 )  c i te s  examp les of changes in f lowering , fruiting ,  fruit color,  
and cold uni t  requirements to break dormancy in meris tem t ip 
culture-regenerated p lant s .  

Although meristem t ip culture and other  t i s sue culture method s 
for d isease e l iminat ion wi l l  be large ly app l ied to vege table and 
ornamental specie s ,  these techniques have some ut i l ity in e l iminating 
viruses from the e l i te germ plasm and clonal stock of outcros sing 
species of field crops . 

Long-Term Storage o f  Germ Plasm and Germ Plasm Exchange 

Plant breeders and othe r  p lant scient i s t s  face the d i f f icult 
prob lem o f  maintaining germ p lasm for future unpred ictable needs that 
require gene t ic variab i l i ty for variety deve lopment . The need to 
preserve a l l  potentially valuable germ p lasm is balanced by the t ime , 
labo r ,  and space required to maintain germ p lasm for a large number o f  
economic p lant specie s .  Germ plasm maintenance i s  a n  e specially  
critica l  prob lem for  vegetative ly propagated spec ies because of the 
labor and expense required and the fac t that f ie ld increase involves 
exposure to c l imat ic uncertainties , pests , and ident ificat ion errors . 

Maintenance o f  spec ies propagated by seed i s  a lso not wi thout 
problems , inc luding seed viab i l i ty , seed-borne pathogens , and 
maintenance of heterozygous species . 

The increas ing exchange of ge rm p lasm among s c ient i s t s  as we l l  as 
the interstate and intercountry exchange of commerc ial germ p lasm a l so 
poses serious phytosanitary problems . The introduc t ion of a pest  
through seed or vegetat ive p lant parts repre sents a subs tant ial threat 
to the agriculture in the region of entry. 

Ti ssue culture methods have been evaluated and are current ly 
be ing used for the storage and preservat ion of crop germ p lasm ;  tissue 
and c e l l  culture s are being used increas ing ly as the forms in which 
germ plasm is exchanged between countrie s .  The use of meristem tip 
culture for mainta ining germ p lasm and as  an exchange form i s  a 
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l ogical extens i on of the research methods developed to use this same 
t ype of  t i s sue culture system in rapid c l onal propagat ion and for 
e liminat ing viruses  and pathogens from p lant germ plasm ( see Kartha 
198l a ,  1 98lb , 1982 ; Withers 1980) . 

Ti s sue cul ture s can be stored us ing e i ther a s lowed growth rate 
method where cultures may be maintained for a few years during which 
periodic t rans fer to fresh media may be required or an extreme ly 
low-temperature s torage method (cryopreservat ion ) in which metabo lic 
act ivities  are arrested and storage may be extended to  many years wi th 
culture viab i l i ty retained . Storage of co ffee germ p lasm has been 
poss ible for 2 years using meristem culture (Kartha 1 982) , and this 
method offers the greatest  potential for s to rage and maintenance of 
several import ant woody spec ies o f  plant s .  

Storage of  germ plasm i n  the form o f  t i s sue cultures ut i l i z ing 
cryopre servat ion technique s and temperatures in the -1 9 6 °C range 
offers great promise for maintaining germ plasm of c rop plants . 
Re search in this area i s  not we l l  advanced , however,  and numerous 
prob lems remain to be reso lved . Ce l l  or tis sue viab i l i t y ,  gene t ic 
integri ty ,  and abi li ty to regenerate p lants at the end o f  the s torage 
period are pre requisites  to the succes s ful  app l ication of the 
technique . Tissue condit ion, t i s sue precondit ioning , cryoprotectant s ,  
and methods o f  freez ing and thawing are methodological considerat ions 
st i l l  under investigat ion . Current research has centered on the use 
of meris tems for long-term s torage because of the h igh inc idence of  
genetic  variab i l ity in plant s regenerated from long-term cal lus and 
suspens ion cul ture s coupled with t he re lative ly few spec ies in which 
s ingle-ce l l  regenerat ion can be accomp l i shed . Somatic embryos may 
eventual ly represent a useful form of cultured plant tissue for 
long-term s torage with acceptab le genetic  f ide lity in the recovered 
plant . 

Short-term storage and long-term maintenance of plant germ p lasm 
using meris tem t ip culture i s  present ly poss ible for a large number of 
plant spec ies (Kartha 198lb ) . Although many detai l s  have yet to be 
worked out for efficient , long-term s to rage of germ p lasm that 
sat i s f ie s  a l l  the requirement s described , the demonstrat ion by Kartha 
( 1982 ) that 7 5  percent of a test group of  st rawbe rry meris tems 
regenerated into mature plants after 80 weeks of s torage at -196 °C 
indicates the potent ial of the method . Success ful low-temperature 
culture of peas , potatoes , carrot s ,  Trifolium, and chickpea has also  
been reported . 

Wide Hybrid izat ion and Gene Trans fer 

Hybridizat ion be tween wi ld re lative s pe c ies  and cultivated crop 
species has been an experimental objec t ive of researchers attempt ing 
to improve crop s for centur ies . Usual ly the wi ld spec ies is viewed as 
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a source of gene t ic variat ion for disease or insect res is tanc e ,  
environmenta l  s tress  tolerance , chemical trai t s , o r  agronomic trait s , 
or s imp ly as a source of genet ic variat ion for broadening the germ 
p lasm base . The importance , methods ,  and uses of interspecific and 
intergeneric hybrids in crop plants have been reviewed by Had ley and 
Openshaw ( 1980 ) . 

Barriers to sexual hybridizat ion between species a re numerous and 
may be clas s i f ied as eithe r  pre-fert i l i zat ion or post-fertil izat ion 
t ype s .  The various mechanisms of  intra- and interspecific  
incompatib i l i ty are too numerous and comp lex to describe in this  
report . Although i t  is  pos s ib le to deve lop methods for overcoming 
sexual incompat ib i l i ty without knowing precise ly the barrier to 
hybridizat ion , select ion of the mos t  suitable method i s  fac i l i tated by 
knowing the mechanism of incompatibi l i ty and the s ite of  fai lure . 

Hybridizat ion with a re lated species  would be a valuable 
contribut ion to improved breeding of many crops . Tissue 
culture-ass i s ted sexual hybridizat ion and somatic c e l l  fus ion can 
fac i l itate succe s s ful  hybridi zat ion in cases where normal sexual 
procedures fai l .  The methods availab le in t i s sue culture-as s i s ted 
wide hybridi zat ion include in vitro po l lination and fer t i l izat ion , 
fert i l i zed ovule or ovary cult�and hybrid embryo culture 
(Rangaswamy 1977 ; Zenkte ler 1980 ; Yeung et a l .  1 981 ; Steward 1 981 ; 
Raghavan 1980 ) . 

Improvement in the t i s sue culture med ia and culturing techniques 
for spec i f ic crop species has s t imulated re search uti li z ing fer t i l i zed 
ovule /embryo cul ture in many economic crops such as cot ton, soybean, 
c love r ,  barley , and tomato . Work with Nicotiana us ing fert i l i zed 
ovule culture ( Reed and Co l l ins 1 9 7 8 ) and with Tri folium using embryo 
rescue ( Ph i l l ips  et al . 1982 ) are examples of the eff icacy of these 
techniques in fac i l itating wide cross ing between cultivated species 
and the i r  wi ld re lative s .  The in vitro po l l inat ion and fer t i l izat ion 
method is mos t  useful where pre-fert i lizat ion barriers exist , and 
embryo culture is useful for rescue of fai l ing post-fert i lizat ion 
zygotes . 

The second in vitro method for produc t ion o f  wide hybrids between 
species  i s  by fus ion of  soma t ic ce l l s  or  protoplast& from the two 
species with subsequent regenerat ion of an intac t hybrid plant . A 
vast  amount of l i terature is ava i lab le on protop last& , protoplast 
fusion ,  and techniques re lated to  somatic ce l l  fus ion . Ke l ler et a l .  
( 1982 ) document this technique and progres s  made i n  its  appl icat ion in 
hybrid produc t ion. 

Genomic hybrid s ,  cytoplasmic hybrids , and part ial hybrids with 
some chromosome s e l iminated represent the types of comb inations 
poss ible by somat ic c e l l  fus ion . The abi lity to combine and t ransfer 
nuc lear and cytop lasmic genomes is  of immense intere st and potent ial  
importance in crop improvement . The short-term expec tations , however ,  
have genera l ly been far too optimist ic .  A few examples o f  the reasons 
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for the over-optimi sm inc lude : l ack of p lant regenerat ion capaci ty 
from fused heterokaryon& , ins tab i l ity/ incompa t ib i l i ty of nuc lear and 
cytoplasmic genomes in the s ame ce l l ,  ste r i l i ty of hybrids , polyp loid 
chromosome number of hybrids unless hap loid somatic c e l l s  are 
avai lable for fus ion , lack of expre s sion of donor spec ies t rai t s  in 
the hybrid , and technical problems related to returning the raw hybrid 
to  a commerc ia l ly acceptab le form. 

Al though the long-term potential for crop plant hybrid ization via 
soma t ic cell  fus ion i s  real , the immediate app lic ations appear 
l imited . The methodo logies required for protoplast i s o lat ion , 
culture , fus ion , and plant regenerat ion are availab le for only a few 
crop specie s ,  and even here they are incomplete . Once the technique s 
are available , somatic  c e l l  hybrids wi l l  l ike ly have very l imi ted and 
spec i fic appl icat ions to transfer of nuc lear genes and cytoplasmic 
tra i t s  not achievable by othe r  methods . Trans fer of cytop lasmic male 
steri l i ty , o rgane l le genome manipulation, cytop lasmic mixing , and 
bas ic s tudies on heteros i s , gene expre ssion ,  chromosome e l iminat ion, 
organe l le fusion, and recomb inat ion are poss ible areas for 
exploitation .  A hybr id between two spec ies obtained by norma l sexual 
cros s ing or by any of the t i ssue culture methods described is only the 
first  step in a long and tedious plant breed ing program. Norma l 
breeding techniques  mus t  be used to deve lop a commerc ially acceptable 
cultivar in which the contribut ions ( nuclear , cytop lasmic , or unique 
combinations of the two)  of the donor species are incorporated into an 
acceptab le commerc ial background genotype and fina l ly evaluated for 
performanc e .  The introgress ion of exotic genetic material i s  
general ly disruptive t o  a spec ies , and a genotype that can accommodate 
the integrat ion of  fore ign genetic  materia l mus t  be e s tab l i shed . 

Useful nuc lear and cytop lasmic traits  have become e s tab l ished 
through natura l se lection in wi ld plant specie s .  Dif ferences o f  
extreme practical  value a l so d i s t ingui sh crop p lants ( legumes versus 
non legume s ,  C3 versus C4 p lant s ) . Hybridization by e i ther sexua l 
or parasexua l methods wi l l  undoubted ly make the greatest contribution 
to c rop improvement when the genomes of the donor and crop spec ie s are 
c los e ly homo logous , except for a re stricted number of useful donor 
genome traits . In cases where import ant nuc lear and cytop lasmic 
trai t s  are present in gene t ical ly divergent species , approaches that 
fac i l itate the t rans fer of  only the frac t i on of the genome required 
for e xpress ion of  the trait ( s )  are preferab le . In vitro pol l ination/ 
fert i l ization and ovule/embryo cul ture should be-exploited for 
hybridization of crop species with c lose ly re lated but sexual ly 
separated specie s .  Further re finement s in the methods for protoplast 
manipu lat ion wi l l  provide somat ic cell fus ion hybr idizat ion capab i l ity 
for s ome crop spec ie s .  Unique cytoplasmic and cytoplasmic/nuc lear 
comb inations between re lated spec ies offer the greate s t  immediate 
contribution from somatic ce l l  fus ion . 
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The efficient product ion o f  hap lo id vegetat ive p lant s from 
immature pol len grains through in v itro cu ltures of anthers has 
progres sed rap idly s ince 1967  when�technique was pre sented 
( Bourgin and Nit sch 1967 ) . The bas ic anther culture procedure has 
been modi f ied for different p lant species , and , a lthough hap loid 
plants  can be produced in a large number of  spec ies , their  production 
i s  not a rout ine operat ion for many crop p lants (Co l l ins and Genove s i  
1982 , Kaheshwari et al . 1980 ) . Recent notab le anther culture 
improvement s and succes s ful attempts  in produc ing haploid plant s have 
been made in such economic species  as wheat ,  corn ,  Brassica , fescue , 
rubbe r tree , tomato , pop lar , rye , potat o ,  triticale , and grapes 
(Col l ins and Genoves i  1982 ) .  

Haploids and haploid derivatives are genera l ly used a s  sources o f  
haploid c e l l s  and t i ssues and plants for selection experiment s , for 
produc t ion of homozygous l ines and gene rat ion of  aneup loid s t ocks , and 
in gene t ic analyses . Spec i f ic app lications include scal ing down from 
higher to lower ploidy leve l s , produc tion o f  pure l ines for hybrid 
production ,  ident ificat ion and recovery of male s teri le types ,  and 
rap id pure- l ine fixation for spec ies such as trees with long sexua l  
cyc le s .  The t ime saved i n  achieving homozygos i ty i s  offset b y  the 
loss of generations ord inarily used in a breeding program for 
selection and evaluation. 

Hap loids from a wide range of  genotypes can provide three bas ic 
types of material . The hemizygous gene t ic condit ion in p lants makes 
e ff ic ient s e lect ion possible since recess ive a l le les  are not masked by 
dominant a l leles  as is the case in d ip l o id hete rozygous material . 
Hap loid vegetat ive p lant t i s sue can be used t o  i so late pro t oplast&  
from spec ies to be hybrid ized by soma t ic cell  fus i on .  Hybrids 
produced by fus ion of  hap loid c e l l s  resu lt in d iploid hybrids rather 
than polyploid hybrids obtained from d iploid soma t ic c e l l  fusions . 
Fina l ly , doub ling the number o f  chromosome s o f  haploid ce l l s  or p lant s 
resu l t s  in homozygous t rue-breeding l ine s .  The homozygous l ine s may 
be used as inbred l ines for hybrid produc t ion , to fix gene 
c ombinations at the conclusion of a backcross ing scheme , or to 
s tabi l ize other unique germ p lasm in homozygous form . 

A second method involving in vitro procedures u sed for hap loid 
produc t ion i s  the so-c a l led Bulbos�thod o f  Kasha and Kao ( 19 70 ) . 
This me thod involves the interspe c i f ic hybr idizat ion of cult ivated 
barley (Hordeum vulgare ) with !· bulbosum and the sub sequent 
pre fe rent ial e liminat ion of the H. bulbosum chromosomes ,  result ing in 
barley hap loids . The hap loids s�rvive with the aid o f  in vi tro hybrid 
embryo culture . Kasha and Re inbe rg s ( 1980 ) have de tai led � 
success ful deve lopment within 5 years of a new bar ley variety 
u t i l izing the Bulbosum method . Advantages noted for the haploid 
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breed ing me thod included speed , ease of se lection ,  and a unique 
opportunity to s tudy gene act ion and the e f fects of environment . 
Performance and stab i l i ty of hap loids and doubled haploids were j udged 
satisfactory . 

At least one additional in v i tro method i s  avai lable to produce 
haploid plant s .  Jensen has used ovule culture t o  produce hap loids of 
barley ( persona l  communication with C.  J,  Jensen , Riso National 
Labo ratory , Roskilde , Denmark) , Thi s  method is very s imi lar to the 
wel l-known one of wide crossing in which chromosomes of one species 
are e l iminated such as with the Bulbosum method , or t he unfert i l i zed 
egg c e l l  s imp ly deve lops into a viable hap loid seed , 

Haploids and doub led hap loids are potent ial ly very useful 
materials for crop breed ing and variety deve lopment as  we l l  a s  in 
numerous supporting areas such as  mut ant se lection ,  hybridizat ion v ia 
protoplast fusion, genetic ana lysis , and the product ion o f  cytogene t ic 
s tocks . Severa l  cul t ivars and breed ing l ines developed ut i l i z ing 
hap loid breeding procedures have been re leased for bar ley , rice , and 
tobacco , Extens ive programs are under way for wheat , corn , and 
several woody specie s .  

A maj or problem assoc iated with the use of  hap loid breeding 
methods i s  the lack of efficient haploid product ion in large numbers 
from d iverse genotypes of mos t  crop specie s ,  with the except ion of  
Nicot iana , Petunia , and certain genotype s of rice . In the smal l  
grains , albino hap loid p lant let production l imi t s  the usefulne s s  of  
the anther culture procedure . 

Hap loid s and d oubled hap loid l ines have not been extens ive ly 
evaluated agronomical ly in many c rop species . No problems have been 
encountered with burley t obacco , but the s ituation is d i f ferent with 
f lue-cured tobacco . For bur ley tobacco , unlike f lue-cured , doubled 
hap loids are s imi lar in  performance to the ir respective inbred 
cult ivar parent s  (Deaton et al . 1982 ) . S ignificant vigor reduc tion 
has been observed in doub led hap loid l ines o f  f lue-cured tobacco 
(Arc ia et al . 1 9 78 ) , Resu lts  from additional species and more 
extens ive test ing wi l l  be required to determine the extent of the 
prob lem encountered with the hap loid and doubled hap loid condit ion. 

Generat ion of Genetic  Variation 
and Variant Select ion 

In the past decade , two potent ial ly s ignificant approaches to 
manipulation of  gene t ic variation have been emp loyed u t i l i z ing t is sue 
culture methods .  The first  system uses d ifferent forms o f  t i s sue 
culture , such as cal lus , ce l l  suspensi on ,  and protop las t s , in 
conj unct ion wi th a pos i t ive select ion scheme to i so late useful genetic  
variant s .  In  s ome s tudies , the p lant t is sues or ce l ls have been 
mutageni zed prior to app lying a se lect ive agent or condit ion. In 
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general , i t  has been po ssible to select a wide range of variants from 
plant t i s sue cul tures in a number of d i f ferent specie s .  

The second type of  genet ic variation i s  that wh ich is 
spontaneous ly generated by or assoc iated wi th various t i s sue cul ture 
methods (Larkin and Scowcro ft 1981 ) . Cyto logical var iat ion has been 
frequent ly found to be charac teristic of c a l lus and suspens ion 
cultures of plant ce l ls , especial ly of older  cultures such as those 
having undergone several subcul ture pas sages in vitro .  

Genic mutations are rare and mos t  often recessive events which 
makes re liance on convent ional d ip loid gene t ics and breeding methods 
ineffic ient for mutant recovery . The capabi lity  to grow mi l l ions of 
haploid cel ls in a cul ture f lask provides a dec ided advantage in terms 
of number of selectable uni t s , hemizygous condition ,  and a system for 
introducing a screening or se lec t ing agent . For such a system to  be 
useful in crop improvement ,  the variant ce l l  mus t  be capable of 
regenerat ion into a plant ; the variant mus t  be genetically  determined 
versus an epigene t ic event ; and the variant gene must  be expres sed at 
the who le plant leve l as wel l  as being transmi t ted s tab ly to 
successive sexual generations . 

According to the l i terature ( Cha le ff  1980 , Tomes e t  a l .  1982,  
Vas i l  1980 , Thorpe 1 981 ) , a large number of  mutants have been selected 
from t issue culture , and a few of  these have been characterized as 
s tab le gene tic variants at the who le p lant leve l .  Di sease re sis tance , 
herbicide tolerance , stre s s  tolerance ( heavy metals , sal t , drough t , 
chil ling ) ,  and various b iochemical variant s ( amino acid 
overproduct ion , ant ibiotic res i s t ance , nitrate reductase negat ive , and 
photorespirati on) are examp les of the most  sought-after mutant t ra i t s  
using t i s sue culture methods . Examp les of  succes s ful  in  � mut ant 
recovery inc lude select ion of ce l ls from a susceptible geno type and 
eventual recovery of p lants with res i s tance to southern corn leaf 
b l igh t  (Gengenbach et  al . 1 9 77 ) ;  select ion of wildfire bacterial  
disease res i s tance in tobacco ( Carl son 1 9 7 3 ) ; lys ine p lus threonine 
resistance in corn ( Hibberd and Green 1982 ) ; e th ionine-re s i s tant 
a l falfa ( Re isch et a l .  1981 ) ; and 2 , 4-D re s i s tant t re fo i l  ( Swanson and 
Tome s 1 980 ) .  

There are very few cases of variant se lect ion in which plants 
have been regenerated and both the gene t ic bas is  and inheritance 
pat tern of the trait have been e stabl i shed ; and even fewer cases whe re 
the performance of the derived mutant line has been evaluated for al l 
agronomic and chemical attributes important to the crop . 
Ethionine-resistant a l falfa p lants exhibit considerable variat ion in 
phys ical t raits  ( Re isch and Bingham 1981 ) , and s teri lity  also  appears 
to be a prob lem (personal communicat ion with E. T. Bingham, Unive r s i ty 
of Wi scons in, Madison ) . Thorough evaluat ion of t issue culture-derived 
p lant s i s  necessary to determine their usefulne s s  in crop 
improvement . 
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Although the informat ion about spontaneous variabi l ity ar1 s 1ng in 
plants regenerated from t i s sue culture is t oo pre l iminary t o  
general i ze f o r  a l l  crop p l ants , t h e  reported var iation f o r  p lant 
morphology , chromosome number ,  ster i l ity , and vigor i s  s triking 
(Larkin and Scowcro ft 1981 ) . I f  use fu l variat ion c an be ident if ied 
and u t i l i zed as reported for sugarcane (He inz et a l .  1 9 7 7 ) and potato 
( Shepard e t  a l . 1980 ) , tis sue culture variation may be cons idered 
advantageous . However ,  if use ful se lected or t rans ferred variants are 
overwhelmed by negative variant s orig inat ing in culture , special  
effort wi l l  be  required t o  reduce the  variat ion or t o  use only certain 
types of culture s .  

Spontaneously recovered somac lonal o r  protoc lona l  variant s and 
selec t ed variants (with or without mutagenes is ) from t i s sue and c e l l  
culture sys tems are exce l l ent sources  o f  p lant variat ion . These may 
be useful  if variant ce l ls can be regene rated into p lant s where the 
selec ted or useful genes are expre ssed , s table , and transmit ted to  
progeny p lant s  in subsequent generat ions . The large number of 
variant s iso lated to date i s  encouraging , a l though only a few variant s 
have been ful ly charac terized and thus can be c ons idered for potent ial 
use in c rop improvement . 

In assessing the ut i l ity of variant selection at the c e l lular 
leve l , a few add i tional cons iderat ions are necessary . Firs t , the 
corre lat ion o f  in vitro c e l lular response and in v ivo who le p lant 
response is not-we l l  e s tab l i shed . Some genes of inte res t  may not be 
expre s sed in vi tro and o ther genes expre ssed in response to a 
se lect ive agent o r  regime in vitro may not be expressed in the intac t ,  
high ly d i f ferent iated p lant: Culture cond i t ions and type of t i s sue 
cul ture sys tem ut i l ized may have to be manipulated to opt imize gene 
expre s s ion and select ion .  

Second , i t  i s  d i fficul t to select  numerous important agronomic 
t rai t s  in culture . Thi s  resu l t s  from d i f ficu l t ies  in impos ing a 
selective regime and in obtaining and recogniz ing the des ired 
response . Drough t t o lerance , yie ld ,  maturity , insect  re sistance ,  
plant arch i tec ture , and l odging res i s tance are examp les of important 
t rai t s  for which in v itro selec t ion and express ion at the who le p l ant 
l eve l require innovat ive approaches for success . In general , c omp lex 
t rai t s  that are under quant itative gene t ic control do not permit 
s imple se lec t ion and f ixat ion unless  extremely large numbers of 
experimenta l  units  are eva luated.  

The variat ion encountered in t i s sue cul ture-de rived p lant s and 
the depres sed agronomic pe rformance of the se materials is a final 
important cons iderat ion. The se lec ted variant p lant or i t s  progeny 
mus t  be thorough ly evaluated . I t  wi l l  probab ly also  be necessary to 
inc orporate the se lec ted gene ( s )  into several gene tic background s to 
achieve optimum express ion of the se lec ted t rait  and maximum 
performance o f  the c rop species . The se requirement s mean that  
i so lat ion of  the variant i s  only the fi rst  step in t he 
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breeding /evaluation procedure , much l i ke the s tart ing point from a 
sexual  cross or se lec t ion from within an es tablished population in a 
conventional breeding program. 

Genetic  Eng ineering of Economic P lant Species 

The exc i tement generated about the potent ial  for p lant genetic 
engineering ultimately re sts  on the achievement o f  gene , chromosome , 
and organe l le trans fer from a donor source into agricul tura l ly 
important , economic species of plant s .  Although plant mo lecular 
genetics  is  progres s ing rapid l y ,  there i s  a se ries of  critical  steps 
en route to the final  step of "engineering" a gene into a new crop 
cultivar . Some current research areas in higher plant mo lecu lar 
genetics  inc lude gene isolation , gene sequenc ing , gene c loning , 
deve lopment of gene vectors , dire c t  gene t rans fer and uptake , 
chromosome micromanipulat ion , gene integrat i on ,  contro l o f  gene 
expre ssion ,  gene stabil i ty and transmiss ion ,  and organe l le trans fer . 
The t ime frame for succes s ful  execution o f  genetic engineering o f  
improved crop plants is  like ly to b e  measured in decades rathe r  than 
years . Many of the sought-after traits  for gene t ic eng ineering i n  
crops are complex ,  po lygenical ly contro l led proce sses such a s  
increased growth rate and yie ld , improved photosynthetic  e fficiency , 
improved biological nitrogen fixation ,  improved pe st re s i stance , and 
re sistance to environmenta l  s tres se s .  

The research effort i n  gene tic  engineer ing is  l arge and intensi ve 
in both the private and public  sec tors of the Uni ted States and o f  
several other countries . Although p l ant research l ags  far behind the 
prokaryote and animal research areas , the importance o f  contribut ions 
made by gene t i c  engineer ing to crop improvement is  substantial . The 
u l t imate product o f  genetic  eng ineering is an improved cultivar or 
breeding l ine . The role of the p lant breeder i s  to provide different 
germ p lasm backgrounds for gene , chromosome , or organel le transfer ;  to  
evaluate the  whole p lant expression of the  engineered trait  and 
overal l  species performance as influenced by the engineered trait ; and 
finally , to release a new cultivar or germ p lasm source . 

Plant ce l l s  and t i s sue s growing in vitro are visual i zed as the 
bridge between molecu lar genetics  and-new crop cul tivars u l t imately 
developed by plant breeders . P lant pro toplasts  with res trict ive c e l l  
wal l s  removed are c onsidered to be the mos t  logical and e fficient 
rec ipient s truc ture s for the introduction of foreign gene s and 
organe l les . Use of protop lasts  for gene t ic engineering makes p lant 
regenerat ion from trans formed protoplasts  a neces s i ty ,  just  as plant 
regeneration is required for mutant select ion us ing protop last• or 
suspens ion cul tured ce l l s .  

I t  i s  beyond the scope o f  thi s report t o  provide a a tatus report 
on research progress in highe r plant mol ecular genet ics . Several 

Copyright © National Academy of Sciences. All rights reserved.

Priorities in Biotechnology Research for International Development:  Proceedings of a Workshop
http://www.nap.edu/catalog.php?record_id=19581

http://www.nap.edu/catalog.php?record_id=19581


- 247 -

recent reviews elucidate the goa ls of and approaches to genetic 
eng ineering of  economic p lant species , inc luding a report on a 
Rockefel ler Foundation conference on genet ic engineer ing for c rop 
improvement ( Rachie  and Lyman 1981 ) , chapters on organe l l e  uptake and 
introduct ion of puri fied DNA by Chaleff ( 1 980 ) ,  and reviews by F lave l l  
( 1981 ) and Cocking e t  a l .  ( 1981 ) . P lant protoplas t &  are envisioned a s  
the key to the successful  delivery and incorporat ion o f  genes and 
organe l les  through the use o f  genetic  engineering me thods .  

Manipulat ion o f  one or a few nuc lear o r  organe l le genes with 
nece ssary promoter contro l sequences via molecular genetic  method s is 
of utmost  importance in cont rast to e ither sexual or parasexual 
genetic  techniques where ent ire genome s invo lving hundred s or 
thousands of  gene s are trans ferred to the recip ient spec ies . The 
e l iminat ion of undesirable genetic  material and stable incorporat ion 
of the useful gene is a t ime-consuming and diff icult breeding sequence 
fol lowing introduct ion of an ent ire genome . 

The direc t  appl icat ion of molecular genet ics to the development 
of improved cult ivars and economic p lant spec ies germ p lasm is not 
feas ible present l y .  However , p lant ce l l  and tis sue culture methods 
are viewed as  e s sent ial to future research aimed at  introducing genes , 
chromosomes , and organe l les into p lant s .  Protoplast& , egg cel l s , and 
immature po l len grains in cul ture are the mos t  promising rec ipient 
s t ructures for such trans formation experiments . The capabil ity to 
cul ture s ing le plant cells  and protop last&  from economic p lant spec ies 
and to regenerate p lant s from them i s  prerequisite to such gene t ic 
e ngineering approache s ,  and a re search e f fort i s  required in this 
are a .  

Basic  Phy siological ,  Deve lopmental , and Gene tic Studies 

Plant cell  and tissue culture research can provide major  indirect 
contributions to crop improvement by generat ing knowledge about the 
growth , development , physiology , and genetics  of c e l l s  in cul ture with 
some corre lat ions to whole plant re lationship s .  Examples  inc lude 
dis sect ion of biochemical pathways invo lved in determinat ion of 
important p l ant produc t s  and processe s ,  b iochemical and gene t ic 
contro l  of organogenes i s  and embryogenesis , enzyme regu lat ion ,  
host-pathogen interact ions , membrane permeab i l i t y ,  se lect ion and 
charac terizat ion of auxotrophic mutants for use as selectab le marke rs 
in t ransformat ion experiments ,  and control of gene express ion in 
p lant s .  Of  course , many more b iochemic al , physiological , 
deve lopmental , and genetic  que st ions can be addres sed through the use 
of  large numbe rs of ce l l s  in cul ture on def ined growth med ium under 
prec ise ly contro l led cul ture environment s .  The spec ific  experiment s 
mus t  be des igned by sc ient i s t s  from var ious disc ip l ines seeking 
informat ion re lated to ind ividual p lant species and prob lems peculiar 
to the specie s . 
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RESEARCH NEEDS AND PRIORITIES 

Plant ce l l  and t i s sue cul ture technologies current ly ava i lab le 
are enab l ing plant s cientists  to make major contribut ions to crop 
improvement , and an expanded role for these technologies i s  envisioned 
for the future . Areas that cou ld make the most  s igni ficant 
contribut ions , espec i a l ly in deve loping countries , inc lude c l onal 
propagation ,  disease e l imination ,  hap loid product ion , germ p lasm 
exchange , wide hybridizat ion, and mut ant se lection. 

The moat  important research need i a  to  deve lop e fficient 
procedure s for whole plant regenerat ion from protoplasts and s ing le 
ce l l s  of economic plant spec ies , and this capabi l i ty must  be extended 
to a wide range of genotype s ,  to variant protoplast& or c e l l a  in 
culture , and to long-term cul tures . An understand ing of the gene t ic 
and deve lopmenta l contro l of the regenerat ion proces s  and tot ipotency 
is needed to trans fer cond it ions for succe ss ful manipulations with one 
species to o ther species . Breeding re sponsive genotypes i s  a logical 
approach to  achieving e fficient p lant regenerat ion systems . Because 
regeneration of who le , gene t ically s table  p lant s underlies  a l l  types 
of plant ce l l  and tissue cul ture-mediated approaches to p lant 
improvement , research on this prob lem is of the highest  priority .  

Although deve lopment of  a l l  types of tissue culture techniques 
for every plant species cannot be j u s t i fied , efficient methods mus t  be  
avai lable for  each in vitro manipulation at tempted . The capabi l i ty to 
ini t iate cul ture s ,  sat i s fy nutrit ional requirements ,  control 
organizat ional responses , and impose appropriate se lec tive condit ions 
must be availab l e .  

Another important research need i s  to deve lop a strategy f o r  a 
total improvement program for a spec i f ic crop spec ies . It wi l l  then 
be possible to  e stab l i sh plant cel l  and t i s sue culture aa an adj unc t 
tool for breeding and othe r  produc tion/management research programs 
for the crop . Such a program migh t  ini t ia l ly fo l low these s teps : 

• Ident i fy the crop to be improved.  
• Ident i fy and charac terize the breeding and improvement 

obj ect ive s for the crop . 
• Estab l i sh the spec ific  prob lems encountered for whi ch 

alternate methods such as one or more plant ce l l  and t i ssue 
cul ture techniques can be app l ied . 

• If an in vitro approach is feasib le , determi ne the s tatus of 
the ape,cific t i s sue culture me thod . 

• Deve lop the appropriate t i s sue culture methods i f  unavai lab le 
to  inc lude plant regeneraton. 

Research involving t i s sue culture must be pursued c o l laborative ly with 
the p lant breeder or other p lant sc ient i s t  who i a  seeking to estab l i sh 
the improved crop species in a production system .  Other scient i s t s  
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may be brough t into the collaborat ion such as physiologi sts , 
microbio logis t s , biochemis t s , and molecular b io logists  as spec ific  
expert i s e  i s  required . Addit ional personnel , s uch as produc t i on 
agronomi sts  and extens ion workers , may be required to he lp evaluate 
and test the crop plant materia l s .  

Improved crop varieties  and produc t ion sys tems are key t o  
improved agricultural produc tivi ty i n  prac t ical ly every agricul tural 
sys tem .  In deve loping countries , where e quipment , fert i lizer , 
technology , and research-extens ion capabi l i ties may be limit ing, 
improved varieties and produc t ion prac tices probab ly represent the 
least expens ive improvement within the shortest time in c rop 
agricul ture . 
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