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Creating a Sustainable Food Future by 2050Creating a Sustainable Food Future by 2050
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How we can improve a crop?How we can improve a crop?
Popular 
Methods for 
Development 
of  
Transgenic 
Plants

Source: Alfonso, 2007
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Methods to produce marker free plantsMethods to produce marker free plants

 CoCo--transformationtransformation

 SiteSite--specific recombinationspecific recombination

 MultiMulti--autotransformationautotransformation (MAT) vectors(MAT) vectors

 Transposition systemTransposition system

 Homologous recombinationHomologous recombination

GM Crops GM Crops 
Grown in Grown in 
the Worldthe World

Kumar K. (2020) Planta 251:91
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Top 5 countries that planted biotech crops in 
2019 (area and adoption rate)

Biotech crops in 
2019 

(area and adoption 
rate)
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Top Ten Countries 
which Granted Food, 
Feed and Cultivation / 

Environment 
Approvals

Second Generation of  Biotech CropsSecond Generation of  Biotech Crops
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Bt Technology against insectsBt Technology against insects Current status of  Commercial BT crops  Current status of  Commercial BT crops  
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Glyphosate inhibits a chloroplast enzyme of essential amino acid biosynthesis:
5-enolpyruvyl-3-phosphoshikimic acid synthase (EPSPS)

• A mutant EPSPS gene 
(retaining catalytic activity 
but insensitive to 
glyphosate) has been 
isolated from Agrobacterium 

• The Agrobacterium gene 
introduced into plants 
confers glyphosate
tolerance

Engineering Glyphosate Tolerance Engineering Glyphosate Tolerance Current status of  commercial HT transgenic cropsCurrent status of  commercial HT transgenic crops
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https://www.isaaa.org/resources/publications/pocketk/54/default.asp

• CRISPR, or Clustered Regularly Interspaced Short Palindromic Repeats, is an integral 
part of a bacterial defense system and basis of the CRISPR-Cas9 system.

• The CRISPR molecule includes CRISPR-associated genes, or Cas genes encode proteins 
that unwind and cut DNA, called helicases and nucleases, respectively.

• The CRISPR immune system protects the bacteria from repeated virus attacks.

CRISPER for Gene EditingCRISPER for Gene Editing
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https://www.isaaa.org/resources/publications/pocketk/54/default.asp

Mechanism of Gene Editing of CRISPR/Cas96Mechanism of Gene Editing of CRISPR/Cas96

Zhu et al. 2020

Directed evolution of  herbicide resistance through CRISPR Directed evolution of  herbicide resistance through CRISPR 
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Efficient production of  transgene-free Arabidopsis plants 
with desired modifications at the targeted loci. 

Yangbin Gao and Yunde Zhao PNAS 2014;111:12:4357-4358

©2014 by National Academy of Sciences

Global crop biotech seed market by method Global crop biotech seed market by method 
20102010--3131



13

EpilogueEpilogue

•• Conventional BreedingConventional Breeding

•• Molecular breeding aided speed breedingMolecular breeding aided speed breeding

•• MarkerMarker--free transgenic plantsfree transgenic plants

•• Gene editingGene editing

•• CaseCase--wise considerationwise consideration

Human kind in the 21st century will 
need to bring about a “Blue Revolution” 
to complement the so-called Green 
Revolution of the 20th century. In the 
new Blue Revolution, water-use 
productivity must be wedded to land-use 
productivity. New science and technology 
must lead the way.

Norman Borlaug,  Nobel Peace Prize
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