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I. EXECUTIVE su~~~RY 

The planning and formulation cf biotechnolo~y program in Kuwait with the 
initiatives taken by the Govern~ent is very timely. and this author considers 
this tc be consistent with the long-tem. national interest of Kuv•ait. 

Biotechnology is one of those eTierging high technology areas, and certain 
well-selected areas of biotechnology, including petroleum biotechnology, 
agricultural biotechnology, and health-care biotechnclogy should be 
the high priority areas for Kuwait since these are the areas w~ich Kuwait 
should be able to capitalize and take foll advantage of for the long-ten;; 
benefit of Kuwait in ter:ns of Kuwait's economy, industrial develop:::ent, and 
public health and welfare of the entire pc~ulation. 

It is, however, very important to recognize the unique sitt.;2tions ir; Kur;ait. 
These include: 

1) The abundant but limited variety of resource base namely the 
petroleum, oil, solar energy, and water, 

2) The affluent capital which can be invested in the long-terr. lucrative 
progra.::s of natior,21 interest and priority, 

3) The li~ited intellectual property in tenr:s of research and 
development manpower in the area of biotechnology, and 

4) The constraints related to the local cli~atic and geological 
conditions as wel1 as regional socioeconorr:ic environment. 

In view of these unique situations, this author identified the objectives of 
primary importance to be addressed ds !'How cari Kuwait make best use of its 
available resources base for the ber.efit of Kuwait people by means of 
developing and utilizing biotechnolog~: effective1y';. 

Tr1e biotechnology cu be define: as ''the rnuitidisciplinary tecr.l"clogy -...hat 
is concerned with econo~ic processin~ and a~~iication o~ ~aterials of 
biological origin including the genetic information for the benefit of 
mankind'', a~d it is highly relevant for Kuwait to inc1ude we~1-se1ecte~ hi~~ 
p~iority biotech~ology pro£ra~s i~ the areas of: 

1) Fooc resources deve1o~~ert thr0ugh a;yicu1ture bictech~:lo;y, 
2) DevelopGent of che~icai feecstocks and otner specialty che~icals tnrough 

petroleum biotechnology, 
3) Medical and health care products development through healt~-care 

biotechnology, and 
4) Improve~er.t of q~ality of living environe~rt through all th~ss 

biotechnolo;y endeavc~s. 
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Ir. ore;:~- tc accc-,~ijs~ tr:E: national gc.ai for tne develo;T1e1·t of Ht: 
biotech;;olosy pro;ra- very effectively, the follm.ing recor;-;-;:~ndations ar€ 
made. This reco~~e~dation should co~~le~ent, strengther., and i~ple~ent the 
Biotechr.o1ogy Fro;ra~ plans of the Kuwait's governn:ent. 

At the national govern~ent level a well-organized and well-coordinated 
"national ~lar: for and policy en biotechnology progra~" should be forr.,ulated. 
Such plan and policy should include the following important aspects. 

, 

1) A "National Bi'Jtechnology Prograrr:" should be fomulated and established 
or; a long-tem basis. The national biotechnology prograrr: should include: 

a) Research and develop~ent pr0gra~, 
b) Industrial participetion 3nd develo~~ent ~rosra~. 
c) Researcr' ~a:,;:;0,~u anc perscr:;;e! ca~abilit~es de·;eio;:i"er.t pro;ra-, 
d) mecr.ar,is::s for progra'."' for::-.-..1ation, monitoring,and eva1uatior;, and 
e) International scientific cooperation prograc.. 

2) The govern~e~t infrastructure which could support and gJide the national 
biotechnology progra~ should be organized and established at the highest 
le~el possible ~hie~ is equiva~ent to the Council cf Ministers includins 
all ministries re~ated directly or injirectly to the national eco~o~y, 
planning, industry, education, environr;-;ent, resources including petrcleu~, 
health and welfare, a;riculture and food, and others. 
Tne uBiotecr:r1c1o;i Cou:'}Cil cf Ministers" might be orgar,ized and servE: such 
a function. 

3) P..n "Advisory Board" which has the responsibi1ity of executing, 
coordinatin;, and evaluating the National Biotechnology Progra~ should be 
organized. The advisory board me~bers should have representation from the 
government, industry, acade:.ic and rest:arch organizations. The advisory 
board me~bers shc~~c inc1ude ~ary ex~erts fro~ broad ran;e of disciplines 
and :;hould not 1i:it tc sciHtific areas. The Advisory Board shoJid report 
tc the 3iotechnclogy Council of ~inisters. 

4~ Estat;li::,h:-.<c:r".: c• th~ '\c.tic•ra1 Eiotechr.oiogy Center'' shculd be of 
to;, priority. It snoJld play a leadership role in research and dt:vel.:::.ip::-:t:r: 
activitie: an~ at t~L sa-~ ti~e should ha~e the res~8nsibi1it~ c• bein: a 
liaso~ bet~e~~ tht: Center an~ tnt: industry and other acaderi(a~d rese;cr 
organizations as we~1 as other international reserch organizations. 
T~e Biotechnology Ce~ter should become the hcst organization for man; 
experts to be pocled to;ether for the nati0nal mission oriented biote~hnclo;y 
researcr; pro;ra:-s. 



Alterratively,t~e Center could be organized as an ''Advanced I"stitute for 
Biotechnology'' with a dual function and responsibility of both acade~ic and 
research orgar:izatic~. This might be an attractive arrarge~ent for high level 
expert scientists who ha~e interests i" both teaching and research in an 
university environ~ert. At the sa~e time, such an Advanced Institute serve 
both functions for research and training of manpower in the area of 
Biotechnology. 

lhis recom~endation in combination with the National Plan for the 
Biotechnolosy proposed by Kuwait government should provide thi basic framework 
and foundation for implementation of National Biotechnology Program 
in Kuwait. 

It is of this authors considered opinion that the lon? range i~pact of 
biotechnc1ogy progra~ in Kuwait, if well planned and executed, will be 
highly beneficial to Kuwait. It is antic~pated that Ku~ait econo-y and 
industrial develop~ent will be further advanced, public health and welfare 
sig~ificantly improved, do~estic food resources and its supply ffiore 
abundant, supply of fine che~icals and specialty che~icals including 
pharmaceuticals more secure and stable, and the living environment 
far more attractive and co~fortable. 



I I. BACKGR.0(),J 

In view of the fact that Ku1.,:ait is very much interested in launching a majc:.r 
reserac~ and develop~2nt progra~ in the area of biotechnology, the govern~ert 
of Kuwait and UNIDJ joirtly requested that Professors Dewey Ryu and 
U. Petterson have a site visit to assess the following questions as the ten;:s 
of reference for the U~IDJ consulting mission. 

1) Current situation in Kuwait in tenns of research and development activity 
and existing reserch groups. 

2) Infrastructures & training: requirement for building up the biotechnslogy 
research and deve1op~ent capability. 

3) Anticipated i~pact of biotechnology on industrial developnent, and 

4) Evaluation of the Kuwait's five year progra~ in biotechnology and 
genetic engineering and reco~7tend2tion on the national biotechnology program. 

For these objectives, Prcfessors Ryu and Pettersor. had a site visit to 
Kuwait durinc Mav 2 throJah 10, 1935 and held series cf meetin;s and 
discussions ;ith-apprcpri~te counterparts (list of discussants are given 
in the Table 1) on the relevant issues related to the terms of references 
and had site visits to several key institutions to assess the current 
situations in KLlwait (the list of institutions visited is given in 7able 2). 
In addition, some references relevant to our mission were provided by the 
Kuwait authorities and these references (the list is given in the Table 3) 
were judiciously used in our study. 



III. Current Situation in Kuwait Context 

We ~ade the following observations and assess~ent of the unique situation 
in Kuwait. This has to be taken into consideration for tiotechno~ogy pro~raT 
develop~ent in Kuwait. 

1. Kuwait has population of about 1.7 million, land area of about 18,000 
square ~~, and it enjoys high living standard with the higr.est income per 
capita in the wcrld. 

2. Kuwait has a large a~ount of oil reserve and will last about 308 years 
at the current rate of prodJction. Ear~ings from oil revenue alone in 1984 
\'ias about 10 bil ii on U5 do 11 ars. 

3. Kuwait economy is heavily dependent on imported food and other 
comrnod it i es. 

4. Kuwait has a very Qood relationships with o~her Gulf Cooperation Council 
(GCC) states and the re9ional economic unit dS a whole shou:d be considered. 

5. Kuwait has a vast arid land and fresh water is scarce althoug~ it 
is surrounded by the Gulf sea water. It is currently producing IGO million 
gallons of fresh water per day. 

6. Kuwait is no exception in having some local public health problems. 
Sor..e parasitic infections, hepatitis, sickle cell anemia, and thalassem.;a, 
are a few examples. ' 



IV. Research a~d Educational Institutions, Training, Existing Research 
Gr0Jps, a~j T~Eir Activities. 

1. The undergraduate training in science relevant to biotechnology is 
provided at the Kuwait University (KU), the KU Medical College and the 
Col1ege of Science. A limited Master of Science program is available at the 
Medical Colle;e in the areas of Microb~o1ogy, Biochemistry, and Zoology. 
No Ph.D. progra~ is available in Kuwait. Students usually go abroad for 
Ph.D. level and advanced training. 

2. Kuwoit Institute of Scientific Research has established an excellent 
facilities for applied microbiology and fe!T.lentation that cou1d be directly 
applied to their expanded research activities in the area of biotechnology. 
Their facilities are not as yet adequate enough to handle the basic life 
scienct research. ~~ facilities are available for recombinant D~A work as of 
no~, but O'"e le:bcratory t:as beer; allocated for basic work in molecular biology 
and geneti: engineering. Plans are currently beins made to ref~rbish the 
1 aboratory to de H:e reco:iibi nant ON!.. work. 

Another i~portant development at KISR is their new building facilities 
recently completed, and some of these facilities could easily be utilized for 
the ne ..... biotechnology prograrr; and genetic engineering work. In fact, this 
facility could house the newly organized National Biotechnology Center until 
such ti~e that tne Center becomes independent and separate organization. 

K!SR has erce~lent scientific personn~l and they are on a par with first rate 
research institutions in the world. The departments visited include: 

Food Resources, 
Agroproduction, 
Marine Culture and fisheries, 
?etroleu~ Technology, 
8 i otechne; iogy, 
r-.atior:: SciErtific anc Tecr.r.ica~ Infor;r,ation Center, and 
I nfomat i er! Service De;;a rtrr.er.t. 

The scie~,:~sts tr.~re are :-1;os:iy v,:_;r_y wt:11 trained and many of the:. have 
researc~ E>~~r~en:~ in ~.S. or ~estern Europe. Tney also have good 
internatior21 contacts, and they orga"iZe ~a~y adva~ced international se~in2rs 
or st:ie:c:~: t::::>'c: 0-f frcr.t.~E: ... s re.searc~. 7heir researcr. maragement is c• th[ 
first ratt. b} ir:ternatio~al s:ar,dar·:L Their re:;earcn producti'Jity and 
accomplish:r,ents are of exce1ient quality and national pride. 

.., 
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------..----------~ ---

3. The Kuwait University Medical Col)ege ~as excellent facility. Although 
we visited only the Cepartrnent of ~icrobiolo;y, their facility could be used 
as cne of the satelite biotechnology laboratories with a focus on health-care 
biotechnology. It was foun~ that most equipments needed to start basic program 
ir: genetic engineering were available or on order. Especially, Dr. ~. Olive's 
laboratory and his progra:: in basic biocheristry and molecular biology is on 
a par with any western forefront research laboratory. He might organize 
a satelite health-care biotechnology program which is well coordinated with 
the National Biotechnology Cen!~r. ' 

The scientists especially in the Microbiology Department came from U.S. 
and Western Europe and they are develop~ng their laboratory to a level of 
internationa1 sta:":C:ard. Their clir:ica1 rr:~crobiology grnup is at the very 
advanced level. It was n2ted, however, that their basic biolosy grou~ is too 
small to have a~y ispact and its size and research m?n~owEr is far below 
the level of critical mass. This group should be expanded rather quickly 
in order to develop their health-care biotechnology prosram. 

4. The Maternity Hospital of tne Ministry of Health has a relatively small 
laboratory for advanced IT'edicai genetics. They have fairly good facilities 
fer cytogenetics. For the reco~binant D~~ work the facilities are not 
adequate, but they have a pla~ to expand their facilities. The work of 
Ors. S. Durban, S. A. Al Awadi, A. A. K. Al Ansari, and others at the Hospital 
have excellent progra~ in the area of hereditary disease which is unique 
in Kuwait, and they should vigorous1y pursue their health-care biotechnology 
research which may lead to the cure or treatment of the hereditary disease. 
This is considered another important area of biotechnology research program. 
The Maternity Hospital Cytogentics Laboratory should be set up as another 
satelite biotechnology laboratory and should be coordinated with the 
National Biotechnology Center. 

Sever;l medica1 scientists at thE Hospital who are hig~ly co~~etent are 
available for biotechrolc~y resee~ch in the health-care and cytogenetics 
area, but again the research man~o~er is far below the critical mass and 
it is difficJlt to havE any i~~ac: in a relatively sh0rt ti~e fra~e. 
This satelite grou~ sh:~~~ a~s: b~ ex;arjed and their research ra~po~er 
strengthened. 

5. Kuwait University - Co1~eg~ cf Science appear to ha~e inadequate 
facilities for trainin~ students, and their facilities should be upgraded or 
improved for the educaticn and training of students some of whor:: may go into 
the biotechnology area a1d beco~e the next generation research scientists in 
the field of biotechn~~o;J· 
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They have only several high calibre scientist in the bitechnology related 
areas, and their faculty and staff in the area of life science shou1d be 
expanded and strengthened quickly. 

6. Although we had no opportunity to have a visit to the engineering 
college, it appeared that they do not ~ave any bioche~ica1 ensineering or 
chemical engineering prograrr which is one of the very important co::1;:ionents 
of biotechnology. Practical application and industrial develo~~ent of 
any biotechnology product or process require biochemical engineers well 
trained in both areas of chemical engineering and life science. Special 
and urgent effort should be made to develop the biochemical engineering 
progra~ at the Kuwait University and train adequate nu~ber of bioche~ical 
engin~ers for the well balanced developffient cf the National Biotechnolo;y 
Progra~ in both areas of basic life science and the bioche~ical engineerin;. 

7. During the early phase of the the National Biotechnology Progra~ 
development, building up of the research manpower should be considered as 
the top priority. The)' should plan to have a broad base of science and 
engineering that are essential components of highly multidisciplinary 
biotechnology. 

' 



V. I~frastructure and Training: Develop~ent of Biotechnology 
Research and Development Capability 

The important requirements for building up the biotechnology research 
capability as well as meaningful program are: 

The supporting infrastructures and the inducive research environment, 
The research manpower development, 
The research facilities, and 
The resources to provide sustained support for the 1 ong-tern: research. 

The following points are strongly recommended. 

1. At the ministerial level the Biotechnology C0uncil of Ministers should 
be established to fonnulate the policy and plan for the National Biotechnology 
Progra~. The Council members should include all those ministers who are 
involved with national planning, economy, petroleum, education, health and 
welfare, environment, agriculture and food, and ethers. 

2. The Biotechnology Council of Ministers should appJint a group of experts 
and advisors from many different professional fields as "Advisory 5oard'' 
members for the National Biotechnology Program. The Advisory Bocrd should 
be empowered witn the authority and responsibility to execute and operate the 
Natio~a1 Biotechnology Program. fhe Soard will be responsible primarily for: 

The progra~ development, 
Progra~ monitoring, 
Progr~m evaluation, 
Research manpower development and personnel, 
Research bud;et, funding, and disburse~ent, 
Coordination of satelite biotechnology centers, 
Reporting to and advising the Biotechnology Council o~ Ministers, and 
Manage~ent and operation of the National Bictechnclogy Center. 

3. As e center of excellence, the Nation~l Bictechn:logy Certe~ s~c~ld be 
establisned. It will be responsible for most research and develop~ent 
activity of the National Biotechnology Program especially in th2 first pr.ase 
of the program development. 

, r 



In addition, the Center should be instru~enta~ in: 

a) In-house training of future scientists with both academic curricula 
and research progra~s. 

b) International cooperative activities, 
c) Providing cer.tralized research facilities for the entire biotechnclogy 

research co:.1::1unity, 
d) Developing industrial liason for technology transfer, 
e) Undertaking the high priority National Biotechr1ology Programs 

that is of critical importance to the national interest, and 
f) Coordinate research activities with the satelite biotechnology center. 

4. In ,iew of thE: fact t"'.at the KIS~'. is a very well established research 
with international reputation, has very strong research and development 
progra~s in many areas closely related to the biotechnology programs, and 
has -excellent facilities and research personnel, the National Biotechno1ogy 
Center should be established either as a affiliated Center or within the 
KISR organizational structure in the intial phase cf th~ program development. 
By doing so, the National 6iotechnolosy Center will benefit from the excellent 
research manage~ent support fro~ the KISR and it could be fully functional 
very quickly, since the research manage~ent and ad~inistr1tion at KISR is 
by far one of the very best in Kuwait. 

5. Once it is well established, other satelite programs with different 
specializations can De established in other academic and research 
organizations where the critical mass of research manpower can be organized 
and adequate research facilities can be established. At least, four to five 
biotechnology satelite programs can be organized and their collective research 
endeavor can be coordinated by the Nationa1 Biotechnology Center during the 
first five to ten year period of progras development. In this author's 
considered opinion, the establish~ent of the ~atioral Biotechnology Center, 
which can be instrJmerta1 in achievin; the overall objectives of tne 
National Biotechnclo;y Fro~ra~ mandate very effectively, should be the top 
priority. The Centc:r will provide thE: ve'.'"y efficient wcrking infrastructure 
for the speedy de~e1op~e~: of the Nation21 Biotechnology Drograr:, coord~nation 
of all of the brnte:~.r,c,"!o;y progi·ar:,s, anG f8 .... the achit-ver::er:t of the pr09ra:7 
goals. 

6. The networkin~ of international coo~eratio~ with other biotechnology 
research centers in advanced countries iiKE: U.S. will be very important for 
bringing up the research capabilities to the international level rather 
rapidly. It should also establish a very active international cooperative 
research pr0ara~~ and s~~uld have excelle~t co~~unication net work wit~ 
overseas research centers. 

11 



It is highly recor;:rr,ended that an arrange:-:oer,'.. fc;r a sister acace;T:ic and 
research institution be made (possibly wit~ the University of Ca~ifornia, 
Davis) to enhance the international activities and use it as an efficient 
mechanisrr: for international collaboration ar.d cor:1niunication. 

7. The Advisory Board may want to decide that a consulta~t group composed of 
internationally recognized experts in biotechnology should be organized and 
the Advi3ory Board could work closely with the consultant group in order to 
maintain the quality, objectivity, and credibility of their bi'otechnology 
program. 

8. The National Biotechnology Center should have sustaining researc~ 
support for the long range re~earch progra~s. It should, by all means, avoid 
interruptions of the progress of research by turning on and off the research 
fonding. 

9. One of the mo~~ important program to be initiated immediately is the 
manpower development plan for the research capabilities develop~ent. 
It should have a broad scope and base including the following areas; 

Basic life science; 

cell biology, microbiology, biochen-.istry, 
molecular biology, genetics, protein che~istry and 
protein engineering, im.'71unoche~istry, enzy.;:ology, 
analytical chemistry, plant physiology, plant genetics, 
animal cell physiology, animal cell genetics, animal breeding, 
petroleum biology, environ~ental biology. 

Biochemical engineering and applied science; 

biocherric.a1 engineeri!1g, fermer.tatior, techncilc;gy, 
enzyme technclo·~y, separation arid purificatior:, 
large scale biareactor engineering. 

10. In order to build up the critical rr:ass of re~e2rc~ man~o~er for the 
highly complex and diverse m~ltidisciplinary Lictecnno~o~y progra~, 
appr0xirr,ately five tc, te;; trained scientis":.s ir eac'. s:;~·~ie:lty aree: win be 
required. For the entire National BiJtecnnology Pr0;ra~, total of about 
180 research scientists should be trained or recruited within the first 
phase of the Program development in the t:~e fra~e of five to eight years. 
This appears to be a realistic plan for Kuwait. A well balanced and mixed 
group of all tnree levels of research sciertist~ will also be impcrta~t, 
nar-:-.tly, a good rr:ix of E.S., ~.S., and Ph.D. le-.1t~l eY:1er-ts or spe:ia:i~t:: 
in Each and all field~ indicatej in t~E pre~,o~s pard;ra~~. 

12 
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The building up of the critical mass of the research manpower in the earliest 
possible time fra~e will be of critical importance to the success of the 
National Biotechnology Progra~ and the National Biotechnology Center, since 
the productivity of the Program and the Center as well as the achieve~ent of 
the Program objectives will all depend on the development of the research 
manpower capabilities and their intellectual productivities. 

11. This research manpower development program may include the following 
mechanisms and methcds: 

a) Study abr~~~ for M.S. and Ph.D. ~evel training to the leading 
academic institutions in the U.S. and other countries, 

b) Research visits to the leading research institutions abroad, 
c) Seminar, lecture series, and short courses to be offered by 

expert consultants in re1evant areas of specialization, 
d) Placement and/or repatriation of well trained scientific personnel 

from abroad, 
e) Very attractive inducement and incentive plans must be formulated 

and provided for the sustained and effective utilization 
of those well trained and well qualified research perso~nel 
to be recruited for the National Biotechnology Progra~, 
especially in view of very competitive manpower market 
worldwide, and 

f) Continue with upgrading and improvement of in-house(or in country) 
manpower training progra~ at the Kuwait University, th£ 
National Biotechnology Center or the Advanced Institute of 
Biotechnology to be established. Eventually, this will 
reduce the manpower training cost and reduce the training 
abroad. 

The sister institution arrange~ent wi~l be especially useful for this 
research manpower training and development. 

i? 
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VI. Evaluation of the Kuwait's ~ational Biotechnology 
Prograrr: and Recommendations 

Their assess~ents of the enormous and unli~ited future r~tentia1 of 
biotechnology, the international activity in bio~echnology field, and 
the domestic situation is fairly acurate. The ideas and concepts embodied in 
their national policy plan for the manpower development, facilities 
development, and the mechanism for implementation of the plan are excellent. 
The organizational framework and the action plan are very resonable. 
However, these plans can be further complemented and strengthen2d by the 
suggestions and recom~endation presented in this report. More specific 
and focussed reco;:u'"'.'endati ons 011 the research manpov1er capabi 1 it i es deve 1 opT.er1t 
program and the infrastructure supporting system are presented in the previous 
sections (Sections IV and V). Some comments were implicit in previous 
sections. 

By co:nbirir:g their plan and the recommendations presented in this report, 
Kuwait should be able to develop a very realistic, practical, and still one 
of the very best biotechnology develop;.ient program in the world by irr.proving 
and strengthenin9 their original plan. Additional suggestions and 
recommendations for the research and development progra~ for their ~ational 
Biotechnology Prosra~ are presented in the following sections. 

In order to develop Kuwait's National Biotechnology Program which is 
consistent with their long-tenn national interest, the following research 
programs are recorrrnended as the high priority programs. 

1. Petroleum Biotechnology 

One of the most valuable resources Kuwait has in abundant quantity is oil 
and petraleur products and ths resource must be most effectively utilized 
to generate the maximu~ benefit. Although the state of the art in petro1eu~ 
biotechnology is still in the early stage of its develop~ert, Kuwait coJld 
take a leadership in th~ are2 of petrcleu~ biotechrolo;y if they start 
their research progra~ im~ediately. The oil and petro1~u- car be conve~~ed 
to far more valuable products and commodities by me2ns of novel biological 
and biotechnclogical processes. There are many species and strair: cf 
microorganisGs which can utilize and metabolize oil and petroleu~, and convert 
them into more valuable metabolites or other bioche~ical products. 

The SCP program and other related biotechnology programs at KISP sho~ld be 
further strengthened and exp~nded into the areas of p~tr0leu~ biotec~no~L;y 
for the purposE of produci~g more valuable metabolic proc~cts fro- oi~. 



It is anticipated that. with the progress of petrcleu~ biotechnology, 
~2~~ more valuable bioche~ic2ls, fine che~icals, specialty chenicals, 
ph2rmaceuticals, and others coJld be produced using oil as the raw material 
or substrate for rricroorg2n~s~s and by ferrentation processes. 
Fi~Jre 1 illustrates the i~~ort2~t concepts an~ ideas related 
to-this petroleus biotechnology with specific reference to Kuwait's 
biotechnology pro~ram which could be unique one in the world. 

The ion~ term impact will be that Kuwait will be able to develop petroleun 
bcsed biotechnology industry and produce high value added commodity products 
wtich the; can export instead of oil as a low value raw material. This 
i~ turn will significantly improve Kuwait's inco~e and economy. 

2. Agricult~re B~otechnology and Food Resources Development 

A11 resource bases including animal resource (livestock), plant resource 
(asricultural crops and bio~ass), marine resource (fish and other marine 
products), and other unconventional resource (including SCP) are all 
i~~ortant resources for food and che~icals. Although the agriculture 
biotechnology ap~t:ars to bE a long-tem. goal, Kuwait should make the 
agriculture biotechnology as one of national mandate and the top priority. 
In fact, tremendous progress in plant genetics and animal genetics areas 
have been made in recent years, and the practical a~olication 
of agriculture biotechnology could be realized socner than most of us expect. 
Some of the exciting developments in biotechnology is in the area of animal 
and plant biotechnology. KISR has already accomplished so much in these areas 
and their progra~ should be strengthened and expanded. 

Tne agriculture biotechnology program should include the falling research 
areas: 

1) Di·gnosis, prevention, and control of ani~5l diseases 

2) Deve1o~~ent of a~i~al vaccines for local animal diseases 

3i Marine a~d aq~aculture fisheries for increased production of fish and 
shri~::. 

4) Animal nutrition and develope~nt of growth promoting agents 

5) Genetic ir:~rove:cents of ani:"'a1 breeds for livestocks, poultry, larr.b, 
da~ry cattle, etc. 
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6) Improve~ent of specific plant char~cteristics including plant resistance 
factors (against salt, heat, pesticid~, diseases, etc) 

7) Improve~ent of agricultural crop productivity by improving nitrogen 
fixation and photosynthetic efficiency 

8) Develop~ent of plant growth promoting agents 

9) Primary and secondary metabolites of economic importance rrom 
desert plants 

All of these agriculture biotechnology programs will be very ir;;portant to 
the future econo01sy of KU1.,ait. The lons-terrr po<:er:tial of agriculture 
biotechnolo£y is enormoJs, and the foti.;re irr;;:iact on ~:u1·;ait econony and 
living environ~2nt will be truly great beyond one's ir;;agination. 

3. Health Care Biotechnology for Public Health 

All of those biotech~ology groups at the KU-~edical College, Maternity 
Hospital-t'.inistry of Health, and KISR shoJ1d be streng:hened and expanded 
as the satelite biotechnolo;y laboratory groups in ccnjunction with the 
National Biotechnology Center. Alternative plan might be that all these 
groups can be pJoled together at the National Biotechnology Center, if 
consensus can be reached. This would be one effective ffianagernent approach 
to build up the critical mass of research manpower rather quickly and 
organize a very productive biotechnology group. 

Some of important research programs that shouid be undertaken in this 
area are: 

1) Development and production of regulatory proteins including hu~ar growt~. 
hormone, insulin, etc 

2) Development and production of vaccine~ for ba:terial ard viral infectior, 
hepatitis, and ot~er parasitic disea~es 

3) Develop~e~t ard prod~ction of ~0n~c1~~al a~ti~0dies for diasnc:tic, 
preventive, and tnerape~tic a~~lication 

4) Studies on genetic disorder diseases including the sickle cell anemia 
and thalasserria 

1£ 



~any genetic engineering and pharrr.aceutical industries have made tre~endous 
progress in ~any areas of health care biotechnology, especially in those 
countries with a~varced high technology. several gene products are beginning 
to be available in the market. 

The medical application of ge~etic engineering technique to the Kuwait's 
unique public health proble~ areas should be given the high priority. This 
may include the DNA based genetic diagnostics for thalassemia patients, and 
development of diagnostic and vaccine production for ~epatitis. 

In recent years, the medical and health care biotechnology related to the 
pharrr:aceutical ar:d medical products are available for technology transfer 
or licensing, and such possibility should also be considered seriously 
for rapid develo;;":,er.t of biotechno1ogy industry in Kuvicit as part of overall 
National Eiotech~1CJlogy Pro·; ... a:--: and decide the policy on the technologt} 
transfer by evaluating the benefit cost ratio. 

The govern~ent may exercise its option to establish manufacturing facilities 
for biotechnology derived health-care products for the entire Gulf Council 
Countries (GCC) or other biotechnology business development plan for the 
entire region, such as joint ventures and manufacturing of licensed gene 
products. 
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VII. Anticipated I~pact 

In addition to the impact state~ents made in other sections of this re~ort, 
the following anticipated iG~2cts are assessed. 

The impact of biotechno~ogy program on Kuwait's industrial development, 
economy, and public health will be very significant, and the long term 
potential of petroleum, agriculture, health care biotechnolcgies will be 
indeed so enomous beyond the wildest drean. They will be able to achieve 
the primary objectives, na~ely, "Kuv;2it will be able to rr.ake best use o~ its 
avail ab 1 e 1·esource base fer the benefit of Ku,,..::: it i:ieo;:. le by r;;=ans of 
developing and utilizing biotechncio;y very effectively.'' 

If the biotechnology is well planni:d and executed as recmr.::r,ded in this 
report, it is anticipated that: 

1) The domestic food resources developnent and supply will be 
greatly improved through the Agriculture Biotechnology progra~. 

2) The supply of che~ical feedstock and specialty che~icals will 
be secured and sufficient through research and develop~ent of 
the Petroleum Biotechnology program, 

3) The pharmaceuticals and medicins applicable to local diseases 
will be readily available for general population in Kuwait 
through the Health Care Biotechnology program 

While Kuwait could enjoy its long tenn benefits derived fro~ the Natior.al 
Biotechnology Progra~, it will be able to fir1r.iy establish the solid 
foundation fer the industrial technolocv b2se and at the sa~e time secure 
highly valued te:hnical ma~power and tF~ir inte11Ectual prc:~rtie~. 
It is also reasonable to anticipate that Kuwait should be atle to im~rove 
its economy so mJch rr:ore by exporting hi~r. value ad·jed prod"ct as we11 as 
exporting hig~ tech~ology instead of expcrtin5 106 price~ ra~ ~ateria1 likE 
oil. 

Within the ti~efra~e cf about fiftee~ tc :we~ty years, Kuwait sho~1~ b~ 
able to establish biotechnology industry in the area of agriculture, 
petroleum, and health care areas that will be competitive world wide. 

It is therefore verv important that t~e Nat~o~a1 Biotec~nolo:v Procra~ 
be Supp·or .. e·~ or a 1 ;J'!'1" •e...-· b·~is a,.....1 ""c"~' ... .., tl-c ex~eller" ;:,_r v~a-ro··c- 1 .1..~.~1 I.·.::~''' C.J •.. u_lc· ... ...J:...,_..,,; __ ,i...... ,1.._~1c: 1...,~..:, ~..:.•Y 

and pers1s~E~~.y f:- t~~ next t~c dEc2G~:. 

It is hoped that the cor:-r:ients suggestior:s, end recon":lendatio-: providerJ ir. 
this re~;::;rt v1; i; b:: of so:re value tc th:: p:;;·:cy r;,e:kers e:nd ~~c.rru;: ir. r<u~ . .::it. 
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FIGURE 1. PERSPECTIVE 4\~ SCE~~~!O OF KLl~~:T S:OTECH~CLOSY 
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