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discuss how t!1t> (if?V0)ori ·H'; c01P·.tri :~s ~~r,~1 hPri'-:fi' ~:os~: f!·o:~. 

genetic enr::i.nePrinr: m1c! ~;<'?\·: hiotP.c\:r:olo:-:-r it is <·1:.:ost ',o t:>• 

da;v an annivP.rsRry of U10. two r::of:t in~or~;nrt •l:i ::>co·.r·.,ri..:?~ '.•.'hi c: 

are and ma:v renrF?sent t-:r.~ sc~ nn!:i!ic fo11r1dn.tion o~ 011r ~.i 1 ~ii 

expactntior:.s n.s wP.11 ns hir~h concer~-;i corr:P.1·sf:"o~;,"'? of ri rw\·~ 

era of civilizntio:1. 

Fout.rth;v ~1enrs havr? passP.ri since Os\·:ald A•rP-r:: tb~ Ar:P.r-~ -

can scientist nnd his n.ssociatP.s made o!"1~erva-':: o:.s sti:-;:f;~~- ~ r:--: ~:~~~ 

the hereditary !Juhs7.n:-1;~~ of hnctr.riR in cb~ox;:!'i:A:-·~·:cl~:c: :~,;:r~, 

a fi~ld which has since been nurs11ed ~i~h utnost v:~or.Os~n~:! 

/Averv ~:Rs imrn~dia~:el.,, ~1\vn.1 ... e n-r t!1e ir:!nortc:t~~C<? of =~~s '!j!:~o-
/ u • 

very,witness a lP.tter tl1at he wr·ote to his brot~;r;r T?o::,dr;;,~!,~ -

bine; his discovc!r:v: "If \•'e are ri~~ht ,nr.d of cour-sn t~;:i7: 's ~:0t: 

yet proven ttwn thn7; C'lnam; Piat rmcl!·~ic ac~df; ff? .. r: ;.ot :.:!r;··ly 

determin in;~ t hP. bi. oc 'H~r-. i cal nc7; i ·.ri ti c·:; nnd S!IPC i ~ ~ c: c ~:~r;:(:' !~­

risti cs of celJ~-n.nd t.:1<tf: h:.r mr:n;.~ o:" n ~::'lc'l:r; cLr.:--:~cnl ;,;;:-;-

.• 
chan~es in cells.Thi~ is t '. SOffif! ::} r.r; t "~at ha~ 

dream of p;m1et1cif:t~.,.., 1 :r. nutntio:'ln tr~~.v i~ri11~,>i t:: X-r~.·: ~1r:rJ 

ultraviolet are ahm;vs ur:preC:ict;:ih10, ranrlor.-: f•i~l c~rnnc'? ~~!;~1:"'.r:R. 

If we prove to bf? rir;h!~-Rnd ,of cmn·se i.t is ~' hi f,.. i :"-tf:r::1 it 

means that both the c:1•::1icnl nnt1.1re of the ir·lui..~'"!d st:i::-.~:l:;~; 

is known Rnd the C~lCl"1i~nl Rtructm"r. of the R1~:;~;~:w1::·~ ;;r"cy'.·1·: 0 ;­

is also kno1!m-t:10 forr'!wr h~in;" t\Yr.:11:. niiGleic :~cj d.- .. ~::'? J·i'.-

ter Type III pol;.rsa::c:::ir·idns,anct hoth m·~ thr.r~~:-::nr. :-'(~~!·1~:i i­

CAtnd in tr~e dmwl:t~r c~?lls-~r:<i ·1f1:cr hmmr.r.r·ihl ,, -.rri::f:'.°'·~~"!":> 

.... ; ... ":"". ...... ., .. -
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and witr.out fu:"t:her ncidi•:ior; o•· •:~i': ~!11~:t\:in • q;~r:·,~ ,thr ~·,···: 

8CtiVP. nnd !;p1:r.-i f.;r. t:r·~1·1f;,.0ri·1i7: - ~llh~li:.'1··.•!r. c:1~ ~F· •'f~eo·,·t~~·.-~-! 

far in eXCP.5S of t:v~ ~\'.·.011:1t ori "in:il1:_. ·::-:(!C •o ~n:h<:~ +.'.1;~ r~-

l.·s wh ... +- 1·s th" "i1r. ... ,·,. ... 1 •1· 1 .. 1 11·1~ of f!11• ir,·1r1.~.,. .. or."" •. ~ ...•.. ,-· r,1··1·,.,,~ __ ;_-.1."".".· t Ov • ··•·: \1 .,r, \.P .. c.: .. • . . . •I! 

metabolisr.i,ann carho~1v<lr"lte !;:vr:U1esis,!~~c.nnt; t6~:1~: i~: 

lee a lot of wr.lldocunH~~1•:nn r.virl.~ncr. to ·~o!'!viricP. an;.·or.r. 

si bly be end O\·.'efl v_•i t r1 ~!1c bi <l lor~i cn.1.1 ;.~ ~1r; t j ·i1r: C1.!1(1 ~ r>~~~ if' t c: :·;1·c)­

perti es ••••••• It's lot. '.1f fun to hlo•:! h:jhbles,h14t -:Ji:- \,·:i_s·~!· 

tj. prick thP-m :vcrnrsel f h~fore :-0::;~;0·"~ ·~""!s0 t.;-i.r:s tn.~~o,' ~:·'~·e 

is the st or:.;, "10;'-rL-:ht or wron~ ·; i. t. '.s 1>0'"?ri r:oo:.l fi.:.n arl·.i 1 o•:;; o: 

work ••••• Tnlk il ov-:?r 1.-1ilh r.oo~tptlSi.!11·(~ ~)11t don't s~tot1? ~~~ c~r"c:-

· und until we're quitP. .s~1re or rr~· }e-1!s~ as f'.ure as t'.1e !~r~s·~~1+: 

methods permit.It's ha;rn.!'dous :..o :';o or.: haJ.fcocb~:d,a'.'"•d r.:·:br:.­

rassint:, to have to retrac7. h1tf:r ••••• T r.~nr:ot lea•1r, I: ~:is pro­

blem until we h~ve ~ot convincin~ cvide~cc ••• ~he~ I look fo1~ 

ward and r.ope '::e 71'1? al 1 he to;~~!;},.-~~- ~o:i ar.d :'-le \~·ar p~:r!:.i t­

ting-and 1 i ve out 0:1r da;vs in peRcP.". 

'T1he pence ca:n~ +.\·:o ;vea~·s laf.t!I' a!1c: it +:oo~: o:;l:; n!1 n~­

dit:i.onal ei:i.;!1t yen.rs lv?fo:re i:-1 l".:1)3 Zan:!S \,'!~tso!: an A::~~)rj ccu~ 

thymus tyre nu~lf":i.c nci.d ,knmm tocla;r o.s nr;t .• ...,he slruct.1:.'\: of 

the DHA thi:;v rl i ~covr.rc?d nxplni :w i <.md a:1m·1ered ul l th:; que~­

tions paned by 0mmld ,\vP,ry t;rn ,7P.n.rF ear·li er .Th!·o:.tl"';h ·.-:af:so~1 

and Crjck r10<kl of ni:A one could (~:q:·l:dn t!iv. reln!:i.ons:::r 

between the i.r:d!1Ci!1r; f:":·i;,111.u:. ar:l tl:e c!wmicnl str~(ct:tr'P. o~' t:'1~ 

substancP- m·o<l1h~·'d. It n::-ovidc:s :;xplan:it-!.ons !10'.-! ~;!w tr1~·:·.m; 1.::­

pe nucleic acici can rP-plicat(! ~.n t.:1f-~ dn11r,htnr cP.lls i.1 inm1~~:­

rable r;cnf?ratior;s of c1:llR and ho1.-.r t~t·: mrJ\( t'.1t~ 113,:or con!-~t.i ~.·1-
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ents of chro;;.or:oa:es) l:~.":.> t'..1! '.:·asi.s fo:--- ;~~?::~!t:ic~-;,1'~~~'.::~·-~ 

mistry,cell mctabolis:-1.~·~o:·~? spccif:icall;· by ~:r~m-:1:~:~ tL(~ 
ture of DNA a basis ir> lai.d !'or i~1duc:.l 11·- p~·;?d ! e' '..,;.~ P w~'! :~;~!·r·-

di tar~r chanr,es. 1='i.r..aJl:v,i.t mrnlaim; i10\o: ~.tli~: subsLa!:Ct! d'!ter::~:.:10.s 

the biochP.ni cal ncti vi ties and spcci fie ci~c1Y"•1ctP.r·i ;;ti cs of e 1•l ls. 

And this is exactly the r:;;se:-!cP,t!1f! l::1si~ ~rd t.::~! ex<.:i~?'.;P.:1~~ 

underlying rr.od(~rn r;0.nP.~: i c r.n;;i neeri nr; a.ml ?~c\·: hiot".i!ch~;,olo,~:1: !•r'!"?­

dictabili t:1 and hcrecli1abilit~.·!'lhou;-:h not P.:ore t:~:nn tld.rt:-' :vr:nr!> :1?..v~: 

discussing the unpresedent b2nefits li~el~ to ste~ from thes~ 

discoveries, particularl:v for tr:c poor8r ser;mcnts of ma:-:~:ind. 
But before we in developins cou.nt:::-ies 't:ill be able to ree.n 

the benefits from these advances a lot of hard '.·Icr~: will be re­

quired to chan~e certa~n traits in our mentality.?irsl we must 

understand the multidi.sciplinu:::-~ ct:arn~ter of the !1.CW sGicnti­

fic field and its extraordinar;1 scopP. .0!1cc \·!e have ;;a.ir.ed this 

understand.inc;,a lot of hard wo~k wi 11 bt; rq_uir.cd to ch<:.n;:;e pBst 

ha bi ts in education, traininr; and or·1~nnizati 0!1 crd c 1· to bes l i!'!-

/,..corporate the new tmderstandi?:G in our thir:.~in;r, process. Onl;v 

then will dcvcloµinr; countries be ahle !:o mount the effort of 

sufficient strenf_';th and concentration to advance t;:eir dcvelor;­

ment which will in the near future so r';~ch depend on i:~::ii::-.ir:.,: 

substantial capabilitien in r;enctic eni~in~crinc And bio~:0chno-

logy. 

It :i.s imposs1blr: to forn.ulate in detail for- f::D.ci1 df;V-2lopir.f~ 

Country C'l'l.. ,J '~11· ,..., ~C'!' ~or (>5+-·1bl.: r}11· Y\•f" s +- ......... ,..._.,- ·~· l-1e.,1· nr,. '•r•d r 0 0•
11

; nr G • d - •• •., ., - • " ( .I. ...:. • • • ~ , ' " '· '-' • I~ ... • J • • .. • ,_, ..... • • " ... J • ..... l -

tine; their ins ti tut ions and strw:t\a·es rcle1:ant t;o dPvelopr:1ent 

of capabilities i:1 ~1Hlf?tic erif;i!}~erinf; and biot~c::r.olo;~::i.P.s.::01:!­

evcr, 0!1e can ~mrn;ern t;:: er,rtn:i n CG[r.r·.or~ cL~no:~.ir.:1to:·s i·:'.li i:~ h npply 

to alr.;OS t all of t hH cluve loi\j n,::·, i.!OUllt. !.':i.CS J:e;:·n.rdl ::~;S Gr '::Lat ... 
Sta

r·e Of "-h•~ .l.,V"l01"""('' 1 t· 1·}1nv .,.,..'.\ "t 0 ... ;I.,...""''"'~ct'L\'(• "'·1::·1·h,..,.. tJ IJ·•"'• U.,,,"" ?''''I ... ,, v&- c11iio •. \,;., , ... t .£.._-~·,.;.~it.. ·, ... ,., •. _. 

their dcvelopm(~:1t ta1-:0.s place in n dcmocrac,v ~:· a c~ic~a:..or~.;'.1ip; 

under cnnitnlism or socialism. 
Tha p9.tterr. of dnVf!lopmnn, ns it takn~ i.n ct(:vclurinr~ co-

untries ma;v differ 1;rcntJ.v from that; occt~rimr in· hCV!mcccl co•rn-, 

! 

I 



tries.Usuall:1,the init'iat.iv~ for forrialati.r:r~ ~ci1:nc:(.' ~me! tt~c:·­

nolO[",.Y prioritiP-5 ~ n dr-v,~lop3 :w: ·'.':O?:rr':T':t•"?~ :~ S take:; r;: ;·;ov·.~T'~i'.'.:••r:~-~ 

or by corresi)om~~ !'F' ~':o·,·p~!1mcri!: w~Pr;ci •'r>. J>1 tv: vrm:-: ·xi co·:~ t r·i p;. 

however,thn :initiaf:iv<~ nr.nal.J.;1 tws H pol;':c~ .. 11t:r·it: h~ls.i_s,0'1l;: . 
merginr; at th~ ;:-ov£:rn:n!~~tnl lc-;r!l at thn mid of 1. !w p1·0~1.:~::s .·:·~~P. 

implication is thnt; in mlvancrxl :ounl ri ;~~; t. !w sci ~m tj f1 c nnd 

technoloGicnl in frnstr11r. •:!1rc nlr"?ad.,v ~x-i ~ts, •.-:!lic}i '. s ?!O': t :,~ 

case in develop:in·~ co~:nt:r:i.Ps.'"'l:erf'for~,-':he n·::nf:r> r:r~~;l•·r.1 1:1 .:-~P.­

velopinr; countriP.s in hm·r to c~C?3.tr. :-t:1cl ori~nni.7.r~ ~uch mi i nfr·:1-

structure in the short~3 st pom.-i.hl0 t:ji'.:r~.Birrm]~rmrousl;.r, i_~ js 

of utmost inportancc to focm; O'!'l th~ alrE?nd~1 0xi~tinr~ ;_nstj t:...:.­
tions which rna;v fnci li i :'lte ti1e pro:~rPss of i.n frn.struc t11 re Gor:­

struction. These inst i. tnti ons, tho:ir;h '•suaJ.l~: f e1:1 in m1'.".'i~)?.rs r.w;-' 

have particular importc.ncP. since the:-· nrP. plnced :it st!"at e1~i --:: 

crossroads and influence the essentinl ctAcision ~akeninrs. 

It is frequently ar~:,ued in n('·VP.lo!:d nr; coimtr:i es thB~: ~;.' 

/Setting up new r;oal orientf!d scientific or technclnr~icnl .:nsti-
_,, 
tutes a sufficier.t ir'.lpctus will °hf? r;i.vrm to facil:!.tat~ the es-

tablishment of a nnw science nn<l/o;, a nc?':! tcchnolo;:-1.~':;v ~1ie•:,· is, 

that this is onl;:1 true for a short. tr>r:-i benefits but in a lon;~ 

run it may even be ccu:itnr produ~tivn.A devP.lopir!'; co~!ntr;: ca.:-! 

make a basic rnista1-:r. b~r cstahlis~1inc n so-called !1:.0t:i.'J~!"!l r.::­

search and develop:;:ent(R nnd D) center with the speci fie :n5_s:>ion 

to develop and pro~otc ccrtaj.n sci0ntiric disciplines or c~rtain 

technoloc;ies. 'T'he limi t.~1tions nnd nr-;_~r:ti ve eff~ets of suer, n ·· 

R and D institute arr-~ as follows: 

(i) it will be able to train only a very lim~ted numh0r 

of personnel, 

(l· 1· ) the sc1·.er1t1· ~1· c l t · 1 · 1 , · · d .!. anc ,cc:-.no Ot~1ca r:nm·:-no•,r acqu1 re 

its staff will have n:lirnited impact,Rince i.t will 

not have the resources to di6~cnin~tf! knowlerl~A ~irl~!~, 

(iii) since it can not [~row. inf:initf?ly trrn rnplRc·;:mcnt o~ 

the $taff will b~ slow.An n conscquAnce t.hc ~tnrr will 

~raduall~ asc ar1 nfte~ h whil~,such n 1 nnrt n i~sti­
tute will be overloact<~d \·;ith mental:: sterile peonl0, 

I 
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I 
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(iv) it will h~vP ~ ,r·r:ntivP. r.ffr>ct: on~-':·~ tr·~ddn·: r.a;->~!­

cit:t nt the? uni.vr.rsitiP~,sincc the h:~tt:<~r qunlifi·~'.I 3.·~ .. ·! r•10~.'P 

sel fassur<!d sci.~!1tists ·.-:i.11 hr. attrnct.r.d tc t: :w n·1ti o:ial ? a~:d n 
insti t~ te becm1~F~ i_ ~; i !': li kel:r to hP. bet !:er· Pq~li Pl•;"?d :1:'1d huvt" 

privilices compnrcd to the uni.vcrsitic:s.At t.i'."Ile;, one cn.:i ~!~·."' link:~ 

or forms of colln.bo!'at;·; 0'1 bet\t1;r.r1 ~ nat:i on[!l '.~ nr-1 D l:!horn~:or:.­

and an uni VP.rs i t,v but '.'!:ost of ~;h~~ t~ir.!e collnbornt ion is onl~· 

a lip service to thP. u~ivcrsity !ind 001?!3 not ;>t;nct.r~1t~ into t'.1~ 

fabric of the 11niversit:r tcnchi.n3, 

(v) on the othe1· l:anrl,whc:n :m inst.itnt:c is estah1isb~d to 

serve industr:: it wi 11 br? plac~rl in nn imfn.vournt J_,~ pos~. ti C!'1 

when compared to the univcrsi.ty.'T1he relative1:r b~tter quali~i·~r. 

are absorbed hy the mor') attract i VP. jobs and posi. tion.s of ..:~~rr:d 

by the univcrsity.'!1hcr:•fore,inctustr;r which nctunll;T needs t!ir. 

most help and the best qualifi~cl scicni;i.~ts c:ir:d t0chnolof~°!.st:; 

becomes raterl lo,,.:est c~1 the ~ci 0.!"lt:i f:i.c ladn f!r. If ·:1e nl J :n·~;11r:, 

and we tend to ::irc;ue v~""!r~r louctly,that: ~n dr:ve-lr.Jpi:-1~c·mntri0.s 

industry i.s thP- "l.JCb!"'loti11e" force havinr: t.hc t<:1s'· of nuJ:'..in;: 

the developinc; conntri.t:s out of thrd_r poverty, t:!i-:--;1 I simpl;r do 

/not see how these ccu-:-tt"!:'i. e~ vd.11 help t!wm~P.l V0.5 h:' P.!"'1ph::i.s5 zing 
/ 

such an orc;nni.7.atio:i wi~:hi..?i U1P.i.r sdentific nnd '.'d'.tca-::.ior:al 

infrastructure. 

It 1. s clne<or r't<l l cal ci1·1r·.~ ... >< .. ). n 1-i, 0 o•·::-r•r·! • ·1t1' nr V.;} - ' ~ - , l c. ... L.) ..... ~ •i I~•-,; ,I.;,~ 4J...i1< ~.1 of 
scientific a:1d r::ci.ucatio::al ir.f;-as tTuc tur:: is rE~qu Lrr;r!. and. t :-:::? 

minimal sine qua !10_ ..... , requiren!>:mts ~:.re nB fcllo~ ... s: 

- to rcorc;aniz(; natic.rnnl i? nr.d }) insl:i.tu~.·~s as in<l•:­

pcndent ins ti tu 1
.:, es wilo:1e scientists v:ill be hired ~1nd renppo­

inted on the bm:.is of :.heir scic:-iU.fic rrnrit~.·~1 !:0: . .;~~ wi o do not 

qualify should be z teo:'t!d to oU,i-::~r jobs. 

- new forrr.s of indust.r;r--rnivcrn:'..ty colla1;01·c:t~; i.ons i,.d 1.1 

have to evolve or be c1·nat~~d.'Pwo fnctor·!; will h:.ivc particular 

import ancl.?: ";";'irs t, to imrol V'..? facul t:r sci<mtists and stu<i cnts i. n 

working relntionr;hips with scien~is ts from 5.n·.iustr;· o:i. resen!'c!i 

projects with renul ts to he free l:,· p1.1b] :!.shed :ind, :,eco:1d, t h.'.1 ~; 

I: 

Ii 
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at the sar.ie time indus~:rial rt a::d .J :innti..~ !l1.~':s ~·. 1 1st. :lllow o 
degree of freer!om to t::cir nci.er.tifl;; p0rsonnel !>O the:-' r~=iy ~:·:­

press their potc~1t inl in perforr.::i 111~ hn!>ic r~~en:-ch rnthr.r t'.::.:: 

to insist to cnr;ar~inf~ ';?:cm onl;1 in solvini~ ~;!:c c!a;v· t.o dt.i,V p:·o::l,·;r.~:. 

If a restrucf. ural izati on of ti!C scien~i fie i:"! f r<lst rue~ ilre 

in developinc; conntric:> takes plncr~ !>fr1~ lnr t.o u~e one I arr. L~~1·P. 

proposin~ I believe l h:? .followi r.c; beneficinl ef:ec ~~ 1..·!oulC. hr::co:r.e 

apparent: 
(a) a critical ~ass of scientists would fo~1 makin~ ~o~sihle 

a maximum number of personal interncti 0!1s so r..eces.1ar;: fo::- a 

ere a ti vc and nurturin;~ enviro:i:ncn L; 
(b) the GBP in k~ow-how in ex~stcncc bctw~an tte scientists 

at the university and the industry would be drasti~all~ na~~owed; 

( c) it would cruit e thP. essrm t :ial sc:ir:nt i ;"'i~ en vi ror.se?'lt 

in which stud ~nts woultl be exposc<l rrom the •1er:r b:)Ginnin:~ o :~ 

//their studies to the ,,.;ay of thin~dn•~ and l'<~nsonin,3 requir~d fer 

a critical evaluation of rcs11l ts in L he ba~ic sci enc cs. r~ t t!J~ 

same time students will obtnin G pc~r~;pccti"c of th~ potential 

which discoveries in hnnic sciences !:ave to indust~ial applica­

tions .The last point is partic·1lnr1 ;v importar: t-to quote: IU ::ol:1 

Te~la ,t~.lC Vu-o .. lnV ph••..,J' '"'1° <!.._ 0 f t•I'" fi' !"'"'~- 'r•a, r Of .:.. }'1° <! c·_.. ...... ,,r,- • - .... l"I .. J c. • ·,'! ~ . v .. , l,, . 1,, .- ~ ..:. .., " .!.. - . : • ...; ,,. ... " lo.A. • • : • 

"Of thousand id0.aS peo;Jle have onl~; one is r:ood; of '.;housr::-1c :·;ood 

ones onl v one finds it~> ~vav to n~o\luction ''.'Tesla's a:{io::. o.f" 
~ ~ . 

science is not c1pprecir~tGd in dcvelor1i.n;- cour~trics nest of t:.e 

time .These steps in. science .and technology wLcrcby n.n id·~a is 

tra1~sformcd to a proce~rn or product. cannot he by prnscd b:: any 

country ,developed or dcvnlopinc. ?or a nation to !lake t~ic co:'.'li t:rr;cn t 

so it can undertake thene step~ \·1ill rE:quire a pol.~ ti cal :h~ci­

sion to allocate a considarahl8 s:wrE! of natio:1al expcndi7-'.lr'~;n 

to educc.tion and basic rc:!~en.rci-;. over n rathCJ"' lor::; period o.: ti­

me .As F.dmundo Flores has reccmt. l.~-' ~.; tn tt~d in ~. :1a ~:ournal s~·:r?~i~:;: 

"One cannot hope for si:o:"tcuts, cul tur~1l rcvolut io:~n, hl i :,; ;.~'.: :·i. (;, :£ 

particulnrl,v ir:~tructi·1c cannG in qtwnti.0;1! 

t 
f 

! 



r v ~c:i enCP ·1"" .i ··1··1 or ,Ji [""r~1·l\!1~ :::(~:l{.f-'(:j I '.!<:··~: ·~·: ··, ., d : :. !'fl'. : : :: .. . ~ .. . . ' ·"' : .... ' 
a multicii~eipl i!.~'''.': :)rc.:il·~·':.~L1~ :H'•·!"' ·1•-: 1 :1:, ::::i. ::• ~~d_:> :t; .. , : _.. '~ .. :'-

nin~ r.1ult:idisc:ipl~!::t!'.V nr:i·~~it1?·! :-;j~::. <1 :·:d.~!i·'.· 1,··n'l'' •:·~ • ._'.;,•_:·,:::!; 

backf~ror.tn<l on \·r!:ic'.h ~1 "·1:'1'0\··r~!· 'f:)!::.• .:nn :.:1!; ! • !"; t;.,~".s.:;-r ·.-··· • .. -. 

as an cxa~:['le t.:11~ ~o .. !·~:·~1 hio1.o··.'· or 1,:=01u·~-: .. ·:.~;~:·'· i' :s '.'•::·: :::!.:!·;_ 

cult tu ima~~ir:•! !1ow :1 !·iolo~~i!> 1 - •r.:i I.!: :1 i':oncli! o1 ·vi (_::-tl '··!:~::::. '.i:. 

could unrlrrstnn,~ etn:i ':!Ci .. ': i:1 modpr:: 1·io 1 o'.~:-.f'. .. ~:--,o~ ::r!~)·::~··! ~ ~-: 

bi ochemi str.v, !_:CnP-ti c~, n\··si cs ,rr,:1 t:wr~ . .:: !: : 1:r>, eo:-: :mt.Pr 

cular biolor:::v, i:r::nunolor~y and classi (:[:1 1)io1 o:·~:r, 'H'e 

zation in 'hiolo,~:v on8· nn.;1 "'rnvP. c'.10sio:n. 

Here,t~wn \·re corn'' to t~iP- r;ost cruci<,l poir:t 

./ ducati on al· s;;sb:f"l in ckvnlopinr·: cou:it r:- r:r;. 

"C; ,,,.- ,, .. ro ,....., • 
;, . ·.-... ~ · .. ' ~ \.. - . ' -

., (.) 

·- • "i • 

Due to the interwc~ des:i re to j rtcreasc ~he r-tv<d l.'."\:;il:, :-· of 

basic education in nlr.:ost all df~velori~1;i; cc>tmt1·1 ~s e. 

and extensive networK. of educational institutions ~s 

lished. Thi r; rRpid expnnsion of educ at i o:rnl R::s7; ~7.s, f1~cr: f:lt~:-::':~ ~ nr;· 

schools to the PhD level, obvio1~s l." is ha vine ::1 n1::~a:i ve it"'.n~ ~ '.: on 

the quality of t:ead i~1:< •. .,hc, qualj ::i r;r! r~:an I°'O\-:(~r ~oec!<'~ :o:.· s1l-:::~ 

\.~ ';;) .~. r. 'J ...... ~ 
,) ~ .... " ' '· ...... ... 

adjusted to t'.-:e pot"h"'ltjRl of the e(\u.cntors.I~; 5n a w-::!ll .n;,t:! 1 )]if;~:":~ 

fact that med5.ocric;v :-,-:·~nds nr.dio(!;'~ c~r ns rriuc:h C:!~ :~zc·:!ll1:~.cf: ::rrJr~:-:s 

excelle11ce.".1h0 <l0v0lor:!ri;: cou!1tric!> n::ni? nrcner.!:l;: !'acr:r! ·";~_ 1 ;'.-1 t:.o. 

acute prohli:ri of coriq11Pri-:if~ MeroiocTicy.v(~t,:;(!!'°l~ti: ~n:i:1.::P':!·i:~.~ a!':d 

the nwe hiotech11olor:Y c:mnot e~en ::ave been fr·;n -~i ~.<:cl ;,di; r.01;t· ~x­

cellence in RCif~ncP- as Wf~ll an t;r~c::r:.ola;:;'! '7l1!P q~,:,:·stion on<·: p()!H.:R, 

then,is:liov! c100r. ~ dr.vclopin1r, connt:r;: f~c~t. out. of t:!iis vjcic:~s ci~·­

clc? 

One or t:hc J'f?ffiP.d·i,~s I propO!'>f~ .; ('! 
.• ·> l~· •·' ·, ... ,.·t:,,~ 0 ..... •·:1°·,.. ., .. a-. .1n11c, .. 1 .j .••• , • ,,. .. 1 . 



foo ,! f'nA.T"U'1"''f i1r"'l t :J •>r•cl , ... '"\ n1'0 1 (>(•'~0•1 ()(' f.'.•·.·.·I •"i.· .. :·;_'.'n . .. 1••.:\j··· .·..,· .. ; <.:' •"" •• -
U ' • . I; - '- . • ' . " . " ' . ". . • '. . . '" • • " 

tion is in r.RsPnc~ CO P"'"'''~ TT(}W'•v·c·r 1-; ·~··· , ... > •• ,,., •• r,' ,· •");lC' 
,, , , •,. t• e ~. . . ' . I , I ... • J • • '·· • • '- • • > 

come easily rr>r1li7.!'d,.'1~; T r,nv1: Rtnt.c!! .~zr,.·l;c-~··. 

If we consicir.r foo~ rrod11ct:ion,i t !;<ls :-:~n~-· .. :i7':r.s ?-,r"'.r. :.h'1L~~ 

that r;enC"?t:ic ir.:nrov(~r:~nt of t:w ni t:ro'~f~rl-fb:;_ r~ .,. s:·;"".h-:! o': ·! ~ ~J~~·: t- L.:?­

ria that noduJntr? lnr:11;dno11s nlar:t;. a~rn~;:n•s to hr: n r.::t:.:o::~tl :-c~:l. 

On paper this npprori.ch or irr:provi.n~ ?i~lds o" t:•E:R·:! crc;·~s 1:1::; 1n. r;~­

mtll taneous savi nr; r.xrH·?·1;,i vr. artificial f 0rti 1 j 7 ers J oo::s v:::":· ~1rG­

misinr:;. Its accompli~hr.lPnt Clctnnll;.r rc~cpireB rJ hi.~'·'1 level o~ CX:1P.!'­

tise i. n ~cneti c enr,:i nPi:ri.n~~ t cdn: i qlPS cou!1lr·ct to lon-~ fi 1 ~r: t: r-i :;.l:;; 

of manipulated plnnts or microo-r·r_r;nni ~):::s ~cf o:~·e mu:.:-r1. n:-:f1~ 1 r-::s ·.~l .. ;; 

/will become availnhl8 for evaluation.As ;:on cn.~1 s:::::,this ':"'::l:'!~:i·ff:1:· 

/simple prohlC?m of (~cntjcn actl1[1ll;r r!"!(].lJi.rr.;, lo:.f-~ ;,~11dir:~ : .. ~:~ r:~;::·:l~~~ 

qualified scic~:1tists. Premature import of equi n:-:1?;: t and pr~t:f'r:sior'.s 

to start production of symbiotic ni tro~~f~'.'1 f'i..:drw b::t(~7.(·~ri rl '.l ~ ~!r~1 

obviously um·rar:mt~<l ~~ct P.VP-n Horsr., + 1:~~ fn; l;;_rc • .. 0;1ld ~:::~r (: ·j scr0-

di t the potnntinl of nr.w serwU cs. 

taininr: snitahlP. 0nPr:i;:·.Tfnfort:ur.nL.··:l;:,Ll1·:-: nt·;·::'.~:: ~c f,-,r. ···~·:, r::--'' 

not ver;; encou:::-nr~inr>flr;, rP.snJ.t of \~1~ ~:i ·;:1 cc;;' to ~.:·r-:!lr:;:;~·~ 

e;as thes~ proccsnc~ re.•r. i:;ui tahlP. on 1;v- f:>r ·Li r i tr::! :tp;l ~- ~ n ". = or:r. .:: ; -

milarl:.1 ,nlco~:ol prod1ict;ion fro~~ 1i-~!1o-c~1111l0rdc s·1~isl:-:1f.!~~ i_::; 

still in 'itr; infnnc71.Tf a cinvclo:>in:~ connt;.~;: :.·r. ~:o~:.: 1 :,o ·:-J:: 

solve its P.!1~r'"'.'.~' !)1'0hL':1; h~' thp liq11i fi cnV.o:·, ~: :rnJ L·: £1.1~,~~:~·:1• .-~ 

it must bn m-.:n:·e that in'.P.nsi.V!? fi:w?:-ir,H'~ta1 r:!F·~~,··~'1 :r.1:Ft: :--,'.'(:c::::-:"! 

this application. 

. ' 



• 

• -lC-

them. in key dec,,~~~0~1-~r.;1 1 -~nr: no:::it.i.0!'1r:.·:1~iom;:: 1:.:s c:onc}·1~~-:.')~1 :··:.-; 

sound obvions rtP.ri tr-iv~:""1l t:'lie !'"f~!-11 fa<~~;. o~ Pol·if~:~-il 1-: "'·" ::·:::t:i_-

tures.Wit:101l1; 3 rncFca1 ~ 1 .nn;~r~ in l.~ds socje1} '-~on~1i~1 o.:: ·.: .. ~rr,loi•;:-:,: 

countries t!H' ei<!>•:cf.:-tf:io·1;. f1·0:!1 t:h 1~ ir~;'ii:~t:; o!' Lhc rh~':: l,;''.::!~:olo-

gies ,ir.cludinr.; r:,ern?Lic ert().neer·inc and rH~w bio'.'.:·c~i:!olo .. ;· •::ill :10~ .. 
be realized. 

It is equally LT'llC that ir1 r.i.:tr1.~/ d·~~1elopi!1~~ crJTJr:t! ... l·~s ~~:~~-:: 

best talents have left the country t:!ms (_liP.1inishi.n1:~ t~!-:: Stc:l-=:c~.:. v0 

pressure and as a consf~quence the pol·i.e:r m&ke!'s 0re eithc!"' ::.o:. 

adequately advised oe 1·:orse the:;v arc i 11-aJvised. ·:irw r,o-.re?·~L~:i ts 

of de·1elopins countr~_cs rrn~st ma~:c n con=>eion~-; e£'.i"o:::-t to ::,:-:i..1~~~ bac~: 

home their. best talents fP01:i ndvanc:cd countr:~22. -,:J~ lw:'J;: ·,·ot~:1 '..r;: 

must provide t:1 e pot8nLial .for· )~oo;i '.·:o::-~<in:~ cor,cl5.~ior;:, so s:.:l~:~:ce 

":',.can dr.velop.I am ceratain in realit;v it is not; the low s:::.1:1!.'.::.·:::~ 
in developing ccuntri es that are repuL;i vc 1:ut ra'; Lc.r- t :.'::' s te.::il-:.' 

time and atmosr>hcre nnd the CO!'.s~:ant fi:::i•ts v::i. th t~w 1n:r~n'4crac.!;: 

which caus~s n good sci 0.nt is t lo ens t o r.f f ro;r: hi!:i Lorr.n. ~on• r::. 

In conslusion,:: would like jus~ to sn:r 

so critical bccat.<sc I do r;;tron.~1;1 b"di~J1e that . - . 
c:~:VC:J...'°C):).!.:.,. 

and biotechnoloc;;- n:d t~H..!rcb~r :Jcnef'it iri rnan:i wa;:s.~:o•::"\'(;!',:~·::t:.c:~l .. 
chances in the ed ucn ti on :-i,l, sd ::-: n U. fi. ~ o:-1d ted1:w1o ·;ic~~: s ',::'·.: ::t :..!:".;s 

are urcently needed.I olso feel that only public prcss~~c f~o~ 

open discussio:i cnr1 !'Cc ti fy those :)r01>1 :-!U.S I !:av~? rcfe!:'c(~ "'.: o. I !1or·e 

all rr.y criticism would bn for t_hc benefit of cicVf?1opin~~ co?:;it;r3.es 

themselves ,includin;~ tr:c one I urr: comin;~ fror:.. 
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