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Globalization, GMOs and 

Food Security

Raj Bhatnagar, ICGEB,

New Delhi

Last two decades world scenario:

Increase in population

Industrialization

Food consumption

Shrinkage of space for cultivation

Economic prosperity
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Two major Biotechnological

interventions

Insect Control

Weed control

Trans border co-operation

Migratory Locust Schistocerca gregaria

• Gigantic swarms

• Long-distance migration

• Environmentally modulated

• Food- & interaction-stimulated

• Generational phase change

• Reproductive diapause
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Some migratory locust swarms may contain hundreds of billions of insects, 

weighing thousands of tons.
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Protecting crop plants against insect              

predation

Genetic Varieties

Chemical insecticides

Biological insecticides

The corn that Columbus received was 

created by the Native Americans some 

8,000 years ago by domestication of a 

wild plant called teosinte. They used 

genetic engineering in a quite 

remarkable way to produce a more 

productive variety. 

The creation of corn by plant breeding
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Genteic variability in tomato

Lycopersicon
esculentum

Lycopersicon
peruvianum

Back-
cross
series

Tomato Cultivar
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Wheat Rye

Triticale

X

Interspecific Cross

New species, but

NOT biotechnology

products
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Creation of brocoflower by plant breeding
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DNA IS DNA IS EVERYWHEREEVERYWHERE

Present day tools permit to move DNA from Present day tools permit to move DNA from 

any sourceany source

We eat DNA every day
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2,000 BC

19thC

Early 20th C

Mid 20th C

1930s

1940s

1950s

1970s

1980

1980s

1990s

2000

Cultivation

Selective Cross breeding 

Mutagensis and selection 

Cell culture 

Somaclonal variation 

Embryo rescue 

Polyembryogenesis 

Anther culture 

Recombinant DNA

Marker assisted selection

Genomics

Bioinformatics

The Crop Agriculture Technology Timeline 

graph

•• GenesGenes = the coding system for instructions

•• A geneA gene = is a segment of DNA

Guanine
(G)

Cytosine
(C)

Adenine
(A)

Thymine
(T)

bases DNA

DNA and DNA and Genes Can be Genes Can be 

mobilisedmobilised by new toolsby new tools

gene
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Genes and ProteinsGenes and Proteins

Gene
(a piece of DNA)

traitprotein

translationtranslation

mRNA

transcriptiontranscription

How are Transgenic Plants How are Transgenic Plants 

Produced?Produced?

•• Agrobacterium tumefaciensAgrobacterium tumefaciens

•• Gene Gun / BiolisticsGene Gun / Biolistics

•• ElectroporationElectroporation

Commonly Used Methods:Commonly Used Methods:
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Genetic EngineeringGenetic Engineering

•• The process of manipulating and transferring The process of manipulating and transferring 
instructions carried by genes from one cell to anotherinstructions carried by genes from one cell to another

Why   change gene instructions?Why   change gene instructions?

• to produce needed chemicals
• to carry out useful processes
• to give an organism desired characteristics 

Plant Genetic Engineering ProcessPlant Genetic Engineering Process

Cell

Extracted DNA

Cell divisionTransgenic plant

A single 
gene

Transformation

Plant cell
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Discovery and application ofDiscovery and application of
Restriction enzymesRestriction enzymes

As biological As biological 
scissors scissors 

permitting permitting 
exchange of exchange of 
DNA fron DNA fron 

diverse sourcesdiverse sources

•• Biotechnology in the pastBiotechnology in the past
– making bread  and cheese, brewing beer

– crossbreeding plants

What Is Biotechnology?What Is Biotechnology?

•• Harnessing the natural biological processes Harnessing the natural biological processes 

of living systems for the benefit of mankindof living systems for the benefit of mankind

•• Modern biotechnologyModern biotechnology
– genetic engineering
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Insects cause severe damage to crop

and reduce productivity

Application of Genetic Engineering in crop protection 

case study 1: Insect control

WHY ARE  LARGE AMOUNTS OF PESTICIDES USED IN WHY ARE  LARGE AMOUNTS OF PESTICIDES USED IN 

AGRICULTURE?AGRICULTURE?

1. Pesticides were used as a form of "CROP INSURANCE".

This was the ORIGINAL PHILOSOPHY

behind pesticide usage.

2. Cosmetic appeal
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What is a biopesticide
Biopesticides are certain types of pesticides 
derived from natural materials such as animals, 
plants, bacteria and certain minerals
Three categories of biopesticides

• Microbial pesticides – bacteria, fungi, viruses     
or Protozoa
• Plant-incorporated Protectants (PIPs):
incorporation of genes with pesticidal 
properties into plants
• Biochemical pesticides: naturally occurring to
control pests by non-toxic means, e.g. 
pheromones

Early Pest Controls
• Sumerians controlled insects with sulfur
5,000 years ago.

• Chinese describe mercury and arsenic to
control pests 2,500 years ago.

• People have used organic compounds and
biological controls for a long time.

• Romans burned fields and rotated crops to
reduce crop disease.

• Use of predatory insects.
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�A bacterium that kills insects.

� First discovered in 1911 as a pathogen of flour moths.

� First used as a commercial insecticide in France in 1938.

� Used in the USA in the 1950s.

� Replaced by more effective insecticides in the 1960s.

� With resistance to synthetic pesticides, Bt research 

funded in the 1980s.

�Organic farmers use Bt as insecticide.

� Bt strains produce a complex mixture of toxins that kill 

certain types of insects.

� Initially, Bt was available only for control of lepidoptera, 

but other Bt strains are active against larvae of coleoptera 

(beetles), diptera (small flies, mosquitoes), and insect  

vectors of some tropical diseases.

Bacillus thuringiensis Bacillus thuringiensis (Bt)(Bt)

Spores and Crystals of Bacillus thuringiensis

Structural and Functional diversity

140 different proteins and encoding genes described

Targets  and specificity established for a few proteins
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Insect Resistance Group:
Diversity of Bt protein targets

Ecological niches  of  Bacillus 

thuringiensis strains

Soil

Leaf surface

Grain dust

Insect cadavers
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Specificity of 
Activation-
Interaction

Specificity of 
Activation-
Interaction

Binding to 
specific receptor 
oligomerization

Binding to 
specific receptor 
oligomerization

Pore 
formatio

n

Pore 
formatio

n

Events in Cry1Ac interaction upon ingestion

Insect Resistance Group:
Activation and Insertion of Bt Toxin into Insect Gut Epithelial Cell

15 min. after Channel Formation:
• Metabolism ceases
• Insects stop feeding
• Dehydration
• Death
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Most resilient pest - colorado potato beetle Leptinotarsa

decemlineata is a strong candidate for this award, having managed 

in the space of about 50 years to develop resistance to 52 different 

compounds belonging to all major insecticide classes (including 

cyanide). 

Beetle

therefore has effectively beaten the chemists.Wherever possible, 

biocontrol (control by natural enemies) should be part of the 

strategy because the predator-parasite can more easily keep up in 

this arms race, one which humans have so palpably lost.

Difficult pests to control Only biopesticide

works!    Cry3A protein

Has monster been created?
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Identification of receptor

Generating knockdowns in larvae

Receptor for Cry at epithelial tissue

Cell Lysis and 

Death 

Toxin interacts 

with receptor

NO Receptor for Cry 

at epithelial tissue

NO binding of 

Toxin
NO Cell Lysis

Cells Treated with siRNA of APN receptor

Application of Genetic Engineering in crop 
protection case study 2:  Weed control
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Tolerance to Glyphosate

Insert a gene encoding an EPSPS with 
reduced affinity for glyphosate

aro A: Salmonella typhimurium 
Epsps: Petunia hybrida
CP4 Epsps: Agrobacterium CP4 strain

Insert a gene which breaks down glyphosate
gox: encodes glyphosate oxidoreductase 
(GOX); isolated from Achromobacter sp. 
strain LBAA
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Roundup Ready™ Soybeans

Broad spectrumHerbicide glyphosate  

EPSP synthase inhibitor    

Current Products

• Canola

– Herbicide resistant

• Better for the environment

– Altered fatty-acid 

composition

• A value-added food

http://www.ens.lycos.com/ens/pics11/ canolaprods.jpg
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Current Products

• Tomato
– Flavr Savr Tomato

• Delayed softening 

• Consumers get a better tasting 
tomato

• Failed

– Virus resistant tomato
• Resistant to pests

• Decreases the amount of 
pesticide applied to crops

Transgenic tomato plants show resistance (left) 
while non-transformed plants are susceptible to 
cucumber mosaic virus under field conditions (right)
http://www.apsnet.org/online/feature/BioTechnology/Images/2.4.jpg

Can GMO’s have health benefits?

• Some plants have been altered to increase the 

nutritional value

• Pharmaceuticals, Plantibodies, and Edible 

Vaccines
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What will biotechnology deliver?

• By genetically modifying plants we can:

– Reduce pesticide use

– Conserve fuel and water

– Preserve non-pest insect populations

– Increase food production per hectare of farmland

– Enable crops to grow in sub-optimal conditions

– Increase the nutritional value of food

Other Cool Plant Biotech Products

• Blue Carnations and Roses

– Nature can not make these

• Non-allergenic peanut

• Decaffeinated coffee

– Less processing
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What does it take to bring a GM 

crop to market?

Variety release requirements:

Conventional cultivars

• Agronomic performance

• Proximate analysis

• Antinutritive factors
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Variety release requirements:

Transgenic cultivars

• Agronomic performance

• Proximate analysis

• Antinutritive factors

• Plus:
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Plus:• Molecular characterization of inserted DNA, 

• Southern and restriction analyses

• PCR for several fragments, 

• Various enzyme assays (ALS, NOS, NPT-II)

• Copy number of inserts

• Size of each fragment,

• Source of each fragment

• Utility of each fragment

• How fragments were recombined

• How construct was delivered into flax

• Biological activity of inserted DNA (genes)

• Quantitative analyses of novel proteins (western 
analyses)

• Temporal activity of inserted genes 

• spatial activity of inserted genes

• complete amino acid analysis

• detailed amino acid analysis for valine, leucine 
and isoleucine 

• Toxicity (feeding trials were not warranted)

• Allergenicity (feeding trials were not warranted)

• Biological analysis:

• Pathogenicity to other organisms

• dormancy, 

• outcrossing

• potential for horizontal gene transfer

• seed production

• flowering time, 

• flower morphology

• analysis of relatives

• stability of inserted genes over seed generations

• survivability in natural environment

• survivability in agricultural environment in 
presence of herbicide

• survivability in agricultural environment in 
absence of herbicide

• Interaction with other organisms- alterations to 
traditional relationships

• Interactions with other organisms- novel species

• Changes to persistence or invasiveness

• Any selective advantage to the GMO

• Any selective advantage to sexually compatible 
species

• Plan for containment and eradication in the 
event of escape 
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What does it take to bring a GM 

crop to market?

• Money

• Patience

• Product

But…is it worth the cost, time and effort?

Documented benefits of biotech crops

�Farmers

�Increased yields 

�Decreased chemical input costs

�Cleaner fields, less dockage

�Less fuel used

�Less tillage
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Documented benefits of biotech crops

�Consumers

�Safer food (less mycotoxin in maize)

�Safer food (greater regulatory scrutiny)

�Less pesticide

�Environmental benefits

Documented benefits of biotech crops

� Environment

� Less pesticide burden

� Safer pesticides

� Improved soil from less tillage

� Less fuel usage

� Increased biodiversity

– Sources: NCFAP, Plant Biotechnology, June 2002; 

– Canola Council of Canada, An agronomic and economic assessment of transgenic canola, 2001

– Munkvold, G.P., Hellmich, R.L., and Rice, L.G. 1999. Comparison of fumonisin concentrations in 

kernels of transgenic Bt maize hybrids and non-transgenic hybrids. Plant Dis. 83:130-138.
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Fate of pesticides in environment

CONSEQUENCE:

Endosulfan levels in the Namoi River
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Bacillus thuringiensis Cry5B Protein Is Highly Efficacious as a Single-Dos e Therapy against an Intestinal 
Roundworm Infection in Mice. PLOS Tropical J Neglec ted Dis. 2010 March

Insect Resistance Group:BT protein in therapy
Efficacy of Cry5B against Intestinal Round Worm
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PostPost
MarketMarket

GeneGene
TransferTransfer

LineLine
SelectionSelection

VarietyVariety
DevelopmentDevelopment

FieldField
TrialsTrials

FieldField
ProductionProduction

SeedSeed
SalesSales

GeneGene
DiscoveryDiscovery

GH & FieldGH & Field
EvaluationEvaluation

Plant Biotechnology Product PathPlant Biotechnology Product Path

DiscoveryDiscovery Line GenerationLine Generation Product AdvancementProduct Advancement

Transgenic Crops Have Many HurdlesTransgenic Crops Have Many Hurdles

Discovery ProgramDiscovery Program
GeneGene

TransferTransfer
GeneGene

DiscoveryDiscovery
GH & FieldGH & Field
EvaluationEvaluation

Regulatory DossierRegulatory Dossier
RDAC IBSC RCGMRDAC IBSC RCGM

GEAC MECGEAC MEC
D&SBCD&SBC

DBT Biosafety AuditDBT Biosafety Audit

3 Phases of Safety 3 Phases of Safety 
AssessmentAssessment

}} }} }}

Phase II Phase II 

Biological / agronomic Biological / agronomic 
equivalenceequivalence

�� Stringent agronomic Stringent agronomic 
performance and efficacy performance and efficacy 
criteriacriteria

�� Greater than 99% of all Greater than 99% of all 
events are eliminatedevents are eliminated

�� Key step in product Key step in product 
evaluation for conventional evaluation for conventional 
varietiesvarieties

Phase III Phase III 

Detailed product safetyDetailed product safety

�� FoodFood

�� FeedFeed

�� EnvironmentalEnvironmental

Phase I Phase I 

Safety of gene, protein, cropSafety of gene, protein, crop

�� Choice of genes / proteinsChoice of genes / proteins

−− mechanism of actionmechanism of action

�� Source of genesSource of genes
–– history of safe usehistory of safe use
–– ethicsethics

�� Environmental / ecological Environmental / ecological 
considerationsconsiderations

DiscoveryDiscovery Line SelectionLine Selection Product AdvancementProduct Advancement

PostPost
MarketMarket

TransforTransfor
-- mationmation

LineLine
SelectionSelection

VarietyVariety
DevelopmentDevelopment

FieldField
ProductionProduction

MarketMarketGeneGene
DiscoveryDiscovery

GH & FieldGH & Field
EvaluationEvaluation

ProductProduct
ConceptConcept
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GM crops
• Rate of Technology uptake is the fastest in history (followed by mobile phones and 

computers)

• 3% of arable land under GM crops in 1999
– 72% of this in the USA

– 16% Argentina

– 10% Canada

• biggest area = round-up ready soy
– 22% reduction in total herbicide usage (actual increase in glyphosate)

– 90% reduction in topsoil runoff (No Till system)

• Bt corn
– 72% reduction in insecticide use (but not much used anyway)

– 10% yield increase

– net benefit $44 per hectare

– reduction in mycotoxins on grain (aflotoxin, fuminosin)

– New release MaxGard for corn root worm - 5 Mt insecticide per year in USA alone

• Bt cotton
– 5.3 million fewer insecticide applications in 1998

• round-up ready canola (not all from GM !)

– little discussion - But already weed problems reported in Canada


