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Thc Indian G()\ ernment had promulgated the Rules for dea ling with geneticall y modified organisms (G MOs) in Il)Xl). The 

GMOs inc lude the products nfGMOs as well . The Rules defi ne the ;Iuthoriti es. They also elahorate the implement;; tion structures 

for conducting re,earch allli for the com mercial applications of GMOs. Thc major Indian developlllents in transgenic plal1l , 

Include work (}n transgenic colton . Indian mus tard/o il secd nlpe. tomato. hrinja l. caulillower. C<lhhage. potato. tohacco . ch ili. 

hell pepper. and rice. The re,carch on GMOs is monitorcd hy the Review Comillillee on Genctic Manipulation (RCGM ) which 

stewards thc gencrat ion or hio-sart:ty d;lI;l start ing forllliah to con tained green house ex periments to small-scale conta ined fi eld 

tri ;iI,. RCGM al , o ;ll llhmi/es the illlport /ex portlt ran sfcr of transgcn ic gcneti c materials for rcsearch usc only . The hio-,arc t~ 

d;lIa n:quired to he generat cd include: ration;ile for the deve lopment of GM Os, details of their molecular hiology. compari\on 

of germination rat cs. phenotypic ch;,rac teri,tics. study or gene Ilow. invasivcncss and weed formation possihilities . suscep!ihilit) 

1<1 di .\eascs ;ll1d pests. erfect on non-target organism, ;llld food safety evaluati on. The agronomic evaluat ion is also conducted. 

The Geneti c Engineering !\pprnv; iI COlllllliltee prol' ides allthoriz;lIion of GMOs for commercial release hased on Bio-safety 

eva lu;lIion dat;1. 

I ntrod uction 
In order to protec t the envi ronment the Uni on Gov­

ernment of India enacted ' the Environment (Protection) 
Act (EPA) in 19R6. The Act was to be the instrument for 
preservi ng the environment and to minimize the risb 
from po llu tants and contaminant~ that can affect the 
nora and fauna, tak ing a lso into account the risks to 
human ,lIlCl animal healt h. Whil e it was the expectation 
that Genetica ll y Modified Organisms (GMOs) were go­
ing to pla y an important ro le in the economic upl iftll1ent 
of the country in its va rious facets inc luding agriculture. 
human and animal hea lth care sys tem, industria l prod­
ucts and environment manage ment, concurrent ly it was 
also realised th at the re coul d be un intended hazards and 
risks fro lll the usc ofG MOs and products thereof, if the 
new tec hno logy was not properl y assessed and utili zed . 
Keeping these in view the Indi an Gove rnment had is­
sued Rul es and Procedures (Rliles) for hand ling GMO~ 
and hazardous orga ni sms through a Gazelle Noti ficati on 
No . GS R I037(E) dated OS Dece mber 1989 from the 
Union Ministry of Environment and Forcsts2 The Ru les 
cover all kinds of GMOs and products thereof, which 
arc controll cd commod iti cs for handling and use in the 
country under tllY EPA . 

':' Vi c\\'~ ex prcs~cd in tile p<lpcr :Ire tllme of the :luthors and they dn 

111 )1 Ih.: c-:,:-.< lI·il) cxpn.: :-.:-. the viell', or the nrgallis;lIinll to \Vh ich the 

<llI thor, helollg 

- ( 'orn,:spolldi ll g author 

Structure for Implementation of Rules for dealing 
with GMOs 

The Ru les c lear ly define Competcnt Authorities and 
structured compos itions o f such Auth ori ties for the han­
dling of all aspec ts of GMOs and products thereor. in 
India . Presently , therL , ·c six competent authoritic .. a .~ 

stated below, indicating the ir broad responsibiltties and 
authoriti es too: 

(i)The Reco fllhinllnt DNA Advisor." COl1l lllillee 
(RDA C) 

T hi s Committee const ituted by the Department of 
Biotechnology of the Uni on Mini st ry o f Scicnce and 
Tec hno logy is to mo nitor on th e deve lop ments in 
biotechno logy at nati onal and inte rnational leve ls. The 
RDAC submits recom mendati ons from timc-to-time 
that are suitable for implementati on fo r upholdi ng the 
safety regulati ons in research and appli cati ons ofGMO~ 
and products thereof. This COlllmittee prepared the first 
Ind ian Recombinant DNA Biosafety Guide lines ill 
1990, which was adopted by the Gm'ernment for con­
ducting research and handling of GMOs in India \. 

(ii ) The Reviell ' COllllllillee Oil. Cenelic Manipu/otiol1 
(RCCM) 

T he RCGM is con.o;titutcd by the Department of 
Biotcchnology to ll1onit or the sa fcty a"pec ts of ongoi n~ 

research projects and activities invo lving gencticall y 
engineered organisms . The Comll1i ttee is al so mandated 
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to bring out Manuals of Guidelines specifying proce­
dures fo r regul atory process with respect to acti vities 
in volving geneti ca ll y engineered organi sms in research, 
use and app lications including industry, with a view to 
ensure environmental safety. All ongo ing projects in­
vo lving hi gh risk category and controlled fi e ld ex peri ­
ments shall be rev iewed by the RCGM to ensure that 
adequate precaution and containment conditi ons are 
foll owed. The RCGM can lay down procedures restri ct­
in g or prohibiting production , sale. importation , and use 
ofGMOs. 

RCGM can approve appl icati ons for generatin g re­
search information on transgenic plants. Such informa­
ti on may be au thori zed to be generated in contained 
green house as wel l as in small pl ots. The small ex peri ­
mental fi e ld tri als are limited to a total area of 20 acres 
in multi -locations in one crop season. In one locati on 
where the ex periment is co nducted with transgeni c 
plants. the land used should not be more than one acre. 
The desi gn of the trial ex periments requires the approva l 
of thG RCGM. The design of the experimental plot in 
open environment is made to seek answers to relevant 
and necessary quest ions on environmental hazards in­
cluding risb. to animal and human hea lth . Data are 
required to IX' ~L' nerat ed on economic <ld vantage of the 
transgen ics over the ex ist ing non-t ransgenic vari et ies. 
RCGM can al ~o direct the generati on of tox ic ity. aller­
geni cit y and any other relevant data on transgenic ma­
terial sjn appropriate systems. 

The RCGM ca n issue clearances for import/export of 
eti ologic agents and vec tors , transgeni c germplasms 
including transformed ca lli , seed and plant parts for 
research use onl y. All ex periment s using GMOs which 
helong to category I II ri sks and above as elaborated in 
the guidelines require a permit to be issued by the 
Department of Biotec hnology for aut:lOri zin g such ex­
periments . All such permits are issued on the basis of 
the reco mmendati ons of the RCGM. According to the 
Indian classi fi cation of ri sks, the category- I ri sks i n­
vo lve routine reco mbinant DNA ex periments in lab and 
work in vo lving defined genes/DNA of mi crob ial, plants 
or animal ori gin whi ch are generall y considered as safe. 
Category- II ri sks in volve lab and contained greenhouse 
ex periments in vo lving genes or DNA of mi crobial , plant 
or animal origin whi ch are non-pathogenic to human , 
hut can ha ve implications on plants and in sects . Cate­
gory- III in vo lves genes/DNA of microbia l, pl an t or 
anima l origin whi ch can cause alterations in the . bi o­
sphere and doe~ not fal l in category- I and II. Al l open 

field ex periments of GMOs are considered to belong to 
category-Ill ri sks. 

The RCGM can put such condi ti ons as would be 
required to generate long- term environmental safety 
data from the applicants seek ing release of transgenic 
plants into the open environment. 

The RCGM had revised the 1990 Guide lines for 
conducting research using GMOs in May, 1994 (ref. 4) 
and subsequentl y in August , 1998 (incorporating furth er 
amendments in September, 1999) (ref. 5). The guide­
lines capture detailed procedures for conducting con­
tained Field ex periments using GMOs; they also provide 
guidance for generat ing food safety data for transgenic 
plants. Contained Fie ld experiments are des igned to ac­
count for and to arrest the escape oflhe transgenic plants 
or plant parts or seeds set in the plants into the opt'n 
envi ronment ; they are also des igned to create reasonabl y 
effective barrier to prevent the escape of the transgenic · 
poll en into the open environment. 

(iii ) Institutional Biosa{etv COllll11illee (IBSC) 
Thi s Committee is const ituted by organizations in:!. 

vo lved in research with GMOs. The Committee requ ires . 
the approval of the Department of Biotechnology. I BSe" I 

also has a nominee from the Department of Biotechnol­
ogy who oversees the activities to ensure that safety-' 
aspec ts in accordance with the safety guidelines are full y I 
adhered to by the organi zation. Every R&D project 
using GMOs has to have an identified in vesti gator who 
IS required to inform the IBSC about the status andl 
results of the experiments being conducted. Experi­
ments belonging to Category 1 and II ri sks , as we ll as all 
ex periments conducted with GMOs in the contained lah 
and contai ned green house conditions can be approved 
by the IBSC, however the sy nopsis of all such ex peri ­
ments is required to be reported to the RCGM in the' 
Department of Biotechnology in the form of reports 
from time-to- time in a presc ribed format. Such in forma- . 
ti on along with the progress of research work is also. 
required to be reported to the RCGM as a mandate al­
least once in six months. 

(iv) Genetic Engineering Approval COllll11ilfee (G EA C) 

This Committee fu ncti ons as a body in the Mini stry 
of Environment and Forests and is responsible for ap­
proval of activities in vo lving large sca le use of GMOs 
in resea rch, industri al product ion and appl icat ions. The­
cl earance of GEAC is onl y from environmental angle 
under the EPA . All other re levant laws would appl y even 
though EPA clearance is avai lab le for ll sing GMOs and 
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products thereo f ; e.g., drugs made throu gh GMOs 
would require separate approva l for manufacture and 
use under the Indian Drugs Act; prod ucti on ofGMOs is 
also authori zed under Indian Industri es (Deve lopmen t 
and Regulation ) Ac t, and therefore these clearances are 
also mandatory. 

Large ,celie experiments heyond the limits specified 

wi thin the authorit y or RCGM are authori zed by GEAC 
only . The GEAC can au thorize approvals and prohibi ­

ti on or any GMOs for import, ex port , transport , manu­
rac ture. process ing, use or sa le under Rule 7,8,9, I () and 
II. All such authori za ti ons are usuall y conditional. and 
such conditi ons are guided by Rule 13. 

( 1-) SlUt£' Biotecilll% gv Coordillatioll COllllllillee 

(.'>BCC) 

Th i s Committee. headed hy t he Chief Secretary of the 

State is const ituted in each Indian state where resea rch 
and app li cati ons or GMOs are contemplated. The Com­

mittee has the powers to inspec t, in vesti ga te and take 
punitive actions in case o f vio lations of the statutory 
provisions. The Committee coordinates the activities 

related to GMOs in the State w ith the Central Ministri es . 
This Committee also nominates State Government rep­

resentat i ves in the act i v it ies requiri ng fi eld inspect ion or 
activities concernin g GMO~. 

( I'i ) District L £'l'd COllllllill £'(' (DLC) 

This Committee constitut ed at the distri ct leve l is 

considered to be the smai les t au thoritati ve unit to moni ­
tor the safe ty regulations in insta ll ations engaged in the 

use of GMOs in research and app li cat ions. The Distric t 

Collec tor heads the Comlllitt ee who can induct repre­

sentati ves from State agencies to enable the smooth 

functi oning and inspection o f the installati ons w ith a 
view to ensu re the implementation of safety guidelines 
wh ile handling GMOs. under the Indian EPA. 

Indian Scenal'io on Tl'ansgcnic Plant Rescal'eh 
The first transgenic plant experilllent in the fi eld was 

started in 1995 when Bmssim jllllCC{{ plant contain ing 
ilor gene regul ated w ith plant spec ifi c constituti ve pro­
Illoters and linked w ith Bomose and B(/rstar genes 
regu lated wi th noral tissue specific promoters were 

planted at Gurgaon (Haryana ). India. under contained 
conditi ons. These studi es we re conducted to assess the 
extent of po llen esca pe!'. Subsequen tl y. severa l ex peri ­
l1lenh have been started in the fidd in different loca ti ons 
u:-,ing transgenic Illustard, cott on and tomato. Severa l 
Indian institutes and organi .,atioll s ha ve claimed to de-

ve lop tran sgenic plants, which are ready for green 
house/poly-house evaluation and some are ready for 
f ield evaluation as well. Table I gi ves a I ist of the major 
Indian developments reported so far in transgenic plants . 

Conditions for Trials Using Transgenic Plants 
The RCGM monitors research on l ransgenic organ­

isms in the laboratory, in the contained green house and 

in contained open f ields. In the fie ld under contained 

conditi ons, the agronom ic advantages of the tran sgenic 

plants are also assessed. The RCGM looks for informa­
ti on on environmental safety inc luding human and ani­
mal food safety issues. The.information sought from the 
trials of GMOs is summarized bri efl y in Table 2 (ref. 5). 

T he genetic material s can he all o'vved to be illl­
ported/ex portedltransfc rred by the RCGM for research 
use onl y , based on app li cations submitled through the 
ISSe. 

For conciuctin g ex periments in con tained green­
house, des igns ha ve been workeel out for constructin g 

low cost but substantiall y contained environment where 
temperature, li ght and humidit y can be contro lled to a 

considera ble extent. Nets have been recommended that 
arrest the entry/ex it of insects below 0.3 mm diam5 

The issues that are taken into cons iderati on before 
authori zing f ield tri als under contained conciiti ons in­

c lude the potential of the transgenic plants for dissemi­
nation into the open environment such as through cross­

pollination, the dispersa l mechanism of the pol lens as 
we ll as the seeds, the presence o f w ild members of the 
species in the eco- system and the presence of other non­

transgenic planting material s in the vicinity . Whil e de­
signi ng fi eld experiments efforts are made to maintain 

appropriate reproductive isolation so as to prevent the 

likely-hood of seed setting outside the ex perimental 
plot. The transgenic pl,lIlts are isolated from the gene 
poo l represented by sexua ll y compatible plant s to pre­
vent the escape of transgenes. Conditi ons are also intro­
duced in certain cases to prevent fl owerin g of pl '"lts. It 
is ensured that the genes or the geneti call y mod ified 
plants are not released into the environmc:nt beyond the 
experimental sites. On ly such plant s are taken into the 
open environment for experimentation which ha ve the 
minimum chance of unintended and lIncontrolled ad­

verse affec ts . The time of sowi ng, fl owering, and plant­
ing are also taken note of. Only those plants have been 
used in Indian trial s for open fi eld experiment s under 
conta ined conditi ons, w here the tran sgenes are consid­
ered to be safe or where the pollens are lin ked w ith 
impartin g male sterilit y properti es. Experimen ts ha ve 



GHOSH & RAMA AIAH : TRA SGENIC PLA TS 11 7 

Tahle I - Indi ;1Il developillents in tr,1I1sgenic research ,lIlei applications 

Insti tute 

Cent r; i\ Toh;lcco 
Resei lrch Institutc. 
Rajahillundri 

Bo~e Insti tute. Calcu lla 

Plants/crops used I'm 
transrorm;ll ion 

Tohacco 

Ri ce 

Tailliinadu Agri cu ltu ra l Ri cc 
Uni versit y. Coi lllhatorc 

Delhi Uni versi ty. Sout h 
Call1Pus. New Dclhi 

Indian Agri cultur;i\ 
Research Instillite 
Suh-s t;1l ion. Shi Iiong 

~ustard/rape seed 

Ri ce 

Ri ce 

Centr;11 Potato Research Potato 
Insti tutc. Sillli a 

Mis Proagro PGS Brass ica/ illustard 
(India) Ltd . New Delh i 

Mis M A HYCO. 
Mumhai 

Mh, Ralli s India Ltd. 
Bangalore 

Indi ;1I1 Ag ri cultu r; i\ 
Rcsearch Institutc. NelV 
Delh i 

.\;I\vaharl ;i\ Nehru 
Uni vc rsit y. New Delhi 

Tomato 

Brinjal 

Caul iflower 

Cauliflower 

Cahhage 

COllon 

Ch ill i 

Bell pepper 

Tomato 

I3ri nj;i\ . 
Tom;lto . 

Cauliflower 

1ust;lrdl rapeseed 

PO[;Jt o 

Transgenes inserted 

Bt toxin gene Cry I A(h) 
and Cry l C 

Bttoxin genes 

A illl or the projec t and progress made 

To generate plants resi stant to I-/. ({ /"Ill igem and S/illlm. 

One round con ta ined ri eld tri al co illpleted. Further 
evaluation under progress 

To generate plants res istant to lepidopteran pests. Ready 
to undertake Green House testing 

Reporter genes like It/'It To slUdy ex tent or transrormati on 
or glls A 

/J(/ r . /Ja /"lwst'. /J(/ rSWr 

Select able marker 
genes. e.g .. ItrgrolHrcill 

resistance and glls 

Bttoxin gene 

Bt toxin Gene 

/Jo rSWr. Ha /"lw sl'. /J(/ r 

Crr I A( h) 

CrrIA(h) 

!Ja rl/ ost'. 1301'.1'10 1' and 
!Ja r 

Crr I H/Cr l' '.JC 

Crr I H/Cry'.JC 

Crr / A(c) 

Snowdrop (Ca /lIIt1 ltlls 

lIi l'a/;s) Lectin gene 

Snowdrop (C(//(/lIlltlls 

lIi l'a/is) Lectin gene 

Snowdrop (Ca /alllltlls 

lI i l'a /is) Lectin gene 

Bt gene 
Bt gene 
I3t gene 

A rahi dopsis <1nnex in 
gene 

Plant transrorillations compl eted and ready ror green 
house ex perilllents 

Gene regulation sllldies. Transrorm;lli ons cOlllpletcd . 

To illlpart lepidopteran res istance. transrorillations in 
progress 

To generate plants res istant to lepidopteran pests. Ready 
to undertake Green House tri als 

To develop beller hybrid culli vars suitable ror loca l 
conditi ons: over I) locations contained rield tri al, 
completed . Further cont;lincd open-rield research tri;i\s in 
progress at Illulti -Iocations 

To develop plants res istant to lepidoptcran pests: glass 
house experilllents and one season contained ri eld 
experilllent cOlllpleted. Further ex perilllents in progress 

To develop plants res istant to lepidopteran pests: glass 
house experilllents in progrcss 

To develop hybri d culti va rs ror loacaluse: glass-housc 
ex perilllents in progress 

To develop resistance to pests: glass house ex peri lllents in 
progress 

To develop res istance to pests : glass house experimcnt, in 
progress 

To develop res istance ;lg; linst lepidopteran pests: multi ­
centric ri eld trials in over 4() loc<lli ons compl eted and 
rurther contained rieldtrials in progress 

Res istance against lepidopteran. co leopteran and 
hOlllopteran pests: tran srormation experilllents in prog res, 

Resistance against lepidopteran. coleopteron and 
hOlllopteran pests: tran srormation experiments in progres, 

Resistance against lepidopteran. coleoptcran and 
hOlllopteran pests: transrormati on ex perilllents in progres, 

To illlpart lepidopteran pest res istance. transrormation 
completed. green-house tri als completed and one sC; lson 
ri eld rva luation cO lllpleted ror brinj al and tomat o 

T r;lIlsrorlllati on completed. green-house tri al completed. 
ready ror rield-tria ls I'm moislllre stress resis tance 

Gene express ing ror Transrormati on completed and tra nsgenic potato IInder 
seed protein conl;iining . eva luation 
lys ine obtained rrom 
seeds or AII/Omlllhlls 

plants (Ama- I gene) 
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T<lhlc 2 - SUlllm<l ry o f the hios,lfety infonn,lIi oli sought from GMO tri<lls 

P<lnicu l ar~ 

R<ltion<l lc for the dcvc lopmen t 

Dct<lih of the molecu l<lr hiology of GM Os 

Llhor<ltory ,Ind green-house tri<l l ~ 

Field tri,il s 

. In form<lt ion sought 

Economic. agronomic and other benefit s. and r<l ti onal of deve lopmelll 

• Description of the host plan t 

• Source and sequence of tJ'ansgcnc 

• Sequellli al hloci-. diagr<llll of all trans-nucleic <lc id stretches insel'icd 

• CI C loni ng stratcgy 

• Ch<lracteri stics o f ex press ion vectors 

• Ch<l r'lcter istil'.' of inserted ),:cnes w ith details of sequenccs 

• Ch,lr, ICieristi cs of promot e r~ 

• Genctic <l nalysis includ ing copy numher of insert~. stahility. le\e l of (;x pn:s~ ion oi' 
transgene~. hiochemistry of ex pressed gene prod ucts. etc. 

• Tr,lIlsform<lti on/c loning mcthods 

• Back-cross ing mcthods 

• Sccd sell ing char'll·teri st ics 

• Germinat ion rates 

• Phenotypic char,lcteri sti cs 

• Organism ch<l ll cnge tests whercver applicable 

• Effects of chemica l herhicides where ever appli c,lhle 

• Tox icity and all ergenic it y implications if any during hand ling 

• Compari son of germi nation ra tes <lnd phenotypi c characteri sti cs 

• Study of gene no\\' 

• Invas iveness studics 

• Poss ihi li ty of weed form,lIi on 

• Possihi lit y of transfer of tr<lnsgencs to ncar relatives th rough ou t cross ing 

• Impl icati ons of out cross ing 

• Susceptibi l ity to diseases and pests 

• For human foodhill i mal feed. composit ion and qua l ity o f transformed plants/fruih/scecb 
with con tro ls 

• Toxic it y ,lIld allergcnicit y i ll1pliC<l tions of pl,lI1 ts/ frllits/seeds allLl an im:iI , ~ tudi l'~ 

foodll'ecd sarcty eva luation 

• I Llndl ing procedures for .ill ergcni c s uhs t,l n ce~ 

• Agronoilli c evailla t ion 

also hcc n designed to stud y the potentia l for gcne trans­
fer and the conseq uence of transferri ng tra nsgeni c prop­
crti es to weeds or other near rc lati ves. The probabilit y 

or pollcn transfer and the natural Illutation rates havc 
heen made co nd iti ons ro rcom put ati on in the cx peri me n­
ta l des igns. The transgcni c tra it s that have becn lookcd 

at in such ex pcriments in Ind ia inc lude Ht -inscc t resis­

tance, Ba r res istance. Bar-barness as we ll as Bar-bars ter 
systcm s, Bar-Bt sys tems . ant ih iotic resis tance, alte red 
nllt rit ional properties. an d abi otic stress res istance prop­
erti es . 

ity or alterati ons in th anti-nutriti onal propert ies or the 
pl ants due to the transgenes inc ludi ng the marke r genes. 

etc. A detai led format fo r sublllitting informati on has 
been dev ised compri sing nine chapters, and app licants 

are rcqu i!'ed to provide such i nformat ion to the Govern ­
ment seekin g exe lllpti on or the target transge nic pl ants 
1'0 1' II SC in co mmercial ag riculture unde r Rules 7 , ~.l), 10 

or II of the above Notifi eationc. 

A rew experi me nta l des igns have been evo lved and 

approved by the RCG M ror conductill g trial s in the opell 

environment. The designs are for study in g po lkn dis­
persa l, the co mpa rison o f c ro .~s- abilit y or non-trans­
genic pl ant s with the transge nics and cva lu ati on or the ir 

cOlllparat ive competiti veness or in vasivencss potenti a l 

As ind icated carlier, data for submiss ion by the appl i­
ca nt s inc lude mating: systems in plant s. co mpari son or 

ge rill ina ti on rat e, in vas iveness. tox ic ity and allergenic-
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in unmanaged and managed land . The ex perimental 
re~ ult ~ from two studies had show n that the poll en 
escape was a rea l phenomenon. The cross-abil ity studi es 
conducted, e.g., on transgeni c Indian mustard had shown 
that their ex isted pre- and post-fertili zati on barriers and 
t he res ults corroborated the c lass ical I iterature, confirm­
ing that esca pe of transge nes from sa me crops like the 
Indian mustard crop was not favoured in nature; how­
ever, viable F I seeds could be produced by manual 
cross- poll ination wit h related cui t i vated as we ll as wi Id 
spec ies, which observa tion was consistent with simil ar 
studies made with /J I'((.I'.I' ;(,o /10 17 11.,.7 . It was observed. 
while stud ying the Bt cott on plants that the ir pollen al so 
trave ll ed to some di stance with the help of insects . It can 
be stated from these that gene transfer shall be taking 
place in open environment when transgeni c pl ants are 
cult ivated. By appropri ate manage ment practi ces it 
mi ght be possibl e to reduce the ex tent of poll en transfer 
into the open environment for all the crops, but it cannot 
be full y containcd. Therefore the consequence of gene 
transfer is an issue whi ch is rea l. The implicati ons of thi s 
issue have not ye t been sati sl'actoril y resolved. A dec i­
sion has to be taken by the Indian Government on thi s 
to decidc to what ex tent transgene fl ow can be allowed 
and what are the consequenti al risks. taking also into 

considerati on the agronomi c benefit s ex pected I'rom the 
use of transgenic plants. 

In addition to these ex periments, major chunk or data 
are required ro be generated on food safe ty in accordance 
with the latest Indian guideliness A schematic concept 
of the scientific need to generate safety informati on on 
transgenic food crops is shown in Figure I. The infor­
mati on emphasizes quantit ati ve prod ucti on of tran~­

geni c protein s and their effec ts on as- is- where- is basis 
on experimental animal s in the contex t of detc rillini n~ 

the tox ic ity allergenicity and anti -nutritional prope rt il: ~ 

etc. The data generated in Indi an ex periment s 1'0 1' Ht 
cotton, as we ll as for transgenic Indian mustard did Iwt 
show an y additi onal food sa fety ri sks . 

The transgeni c fi e ld ex peri ments conducted in I nd ia 
have enabled the country to ha ve hands-on ex periencc 
on several geneti call y modifi ed plants. Most important 
among them are transgenic Bt cotton, /Jor-Bo m asi' and 
B o r-Borstar mustard and Bt tomato. Data generated in 
India have demonstrated substanti al agronomi c benefits 
from transgenic pl ants over the correspondin g non­
transgeni c controls. Tabl e ~ provides an overview or the 
initi al findin gs on the perl'ormance of the GMU pl ants . 

In additi on, ex periments are also be ing convencd I'm 
Bt cabbage, Bt caulifl ower. Bt brinj al, Bt tobacco and 

l Transgenic food crops 

J 
• ~ 

Exposure CompOSitional analYSis 
'Near equivalance studies 

1 , 
~ 1 

Quantitative estimation Toxicity studies Allergenicity studies 
'Transgenic proteins as % of total 'In-vitrb receptor binding assay 'In-vltra sera-panel assay 

protiens in different 'Anlmal model testing 'Animal model testing 
plant parts at different age • Com parisian with know allergens 

Figure I - Inrormati on needs ror assess ing sarety or transgenic rood crops 

Tahir .\ - Perceil iage increase in producliv il y o r Irallsgenics over non-transgenics 

Name or the planl Range or increase in producli vities in per cent over contro ls 

111 colt 011 2] 10 60 per cenl : 1\ verage i ll 4() locat ion study = 4() per cellt 

l3ar- 13;1I'I1e,,- 13 arslar Illustard 5 to 4:1 pCI' ccnt : A ver;lge in 15 local ion study = I () per cen l 

131 tOIll;iln :JOO per ccn l (OIlC locati on stu dy) 
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Ht potato. Several other plants such as ri ce, pigeon pea, 

soybean, chili , bell pepper and corn have been trans­
formed with improved traits and these are likely to be 

experimented upon in open environmental conditions 
soon. 

Conclusions 
The Indian Government crea ted the rules and proce­

dures for dea ling wi th GMOs in 1989. The first trans­
gen ic plant experiment in the fi eld was started in 199.5. 
Since then the country has acquired substantial experi­
ence in understanding the issues related to the handling 
of GMOs. Though no transgenic plant has yet be_n 

approved for commerc ial agriculture the ri ch experience 
gained from hands on ex periments in field conditions 

has provided insights about the benef its as well as the 

risks from the use of such plants . On overall assessment, 
it appears that the benefits from the use of such plants 

are substantial and they may outwe igh the ri sks which 
in many facets are presumpti ve and not rea l. With regard 

to actua l ri sks, there are issues on the fl ow of trans genes 
intn the open environment which are indeed real. The 
country has to dec ide how it would we igh the agronomic 

benefits V i S-~I-vis the issue of transgenic pollen escape 

into the environment. 
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