
GMOs: 

Current Status and Future Perspectives



GMOs: 
Current Status and Future Perspectives

Babak Nakhoda
Agricultural Biotechnology Research Institute of Iran

Department of Plant Molecular Physiology
Email: B.Nakhoda@Gmail.com









Biotechnology

❑ Green Biotechnology

❑ Agricultural biotechnology

❑White Biotechnology

❑ Industrial Biotechnology

❑ Blue Biotechnology

❑Marine Biotechnology

❑ Red Biotechnology

❑Medicinal Biotechnology, 

❑ Drug discovery





The first GM plant was introduced 

in 1983.

GM crops are being 

commercialized since 1996.

Over the past two decades, as 

many as 10 genetically modified 

(GM) crops (soybeans, maize, 

cotton, alfalfa, canola, sugar beets, 

potatoes, papaya, squash, and 

apples), are being grown in 29 

countries globally.





Global Map of Biotech Crop Countries and Mega-Countries



Global Area of Biotech Crops in 2019: by Country (Million Hectares)**



The top five countries (USA, Brazil, Argentina, Canada, and India) planted 91% of the global 
biotech crop area of 190.4 million hectares.



Stacked IR/HT traits increased by 6%, 
occupied 45% of the global biotech 
crop area, and surpassed the area 
planted to herbicide tolerant traits.



Gene stacking method Description Examples of commercial stacks*

Hybrid stacking A plant harboring one or more transgenes 

is cross-hybridized with another plant 

containing other transgenes. 

Development of a multi-stack hybrid 

occurs via iterative hybridization.

Maize:  Agrisure™ Viptera™ 3220 (Bt11 x 

MIR162 x TC1507 x GA21)

Cotton:  Roundup Ready™ Flex 

Bollgard™ II (MON88913 x MON15985)

Co-transformation A plant is transformed with two or more 

independent transgenes. The transgenes 

of interest are in separate gene 

constructs and delivered to the plant 

simultaneously.

Maize:  NaturGard™ Knockout™ (Bt176), 

Bt Xtra™ (DBT418), YieldGard™ 

(MON810, MON809, MON802)

Linked genes or multigene 

cassette transformation

A plant is transformed with a single gene 

construct that harbors two or more linked 

transgenes.

Maize:  Herculex™ I (TC1507), 

Herculex™ RW (59122), Agrisure™ 

CB/LL (Bt11)

Soybean: Vistive™ Gold (MON87705)

Re-transformation A plant harboring a transgene is 

transformed with other transgenes.

Cotton:  Bollgard™ II (MON15985)

Common gene stacking methods used in the production of biotech stacks



In 2019, Argentina planted biotech alfalfa for the first time. The US planted 33.17 million
hectares biotech maize. 18 countries planted biotech cotton including USA, Brazil, 
Argentina, India, Paraguay, China, South Africa, Pakistan, Australia, Myanmar, Sudan, 
Mexico, Colombia, Malawi, Nigeria, Eswatini, Ethiopia, and Costa Rica.



6 Countries in Africa 
growing biotech 
crops in 2019

Africa had a 100% increase in 
biotech crop planting-countries.



• increasing crop productivity by 822
million tons valued at US$224.9 billion in
1996-2018; and 86.9 million tons valued at
US$18.9 billion in 2018 alone;

• conserving biodiversity in 1996 to 2018
by by saving 231 million hectares of land
and 24.3 million hectares of land in 2018
alone; cars off the road for one year; and

• helping alleviate poverty through
uplifting the economic situation of 16-17
million small farmers, and their families
totaling >65 million people, who are
some of the poorest people in the world
(Brookes, 2020).

• providing a better environment
– by saving on 776 million kg. a.i. of
pesticides in 1996-2018 and by 51.7
million kg in 2018 alone from being
released into the environment;
– by saving on pesticide use by 8.3% in
1996-2018, and by 8.6% in 2018 alone;
– by reducing EIQ (Environmental Impact
Quotient) by 18.3 % in 1996-2018, and by
19% in 2018 alone.

• reducing CO2 emissions in 2018 by 23
billion kg, equivalent to taking 15.3 million
cars off the road for one year; and

Biotech crops contributed to food security, sustainability and climate 

change solutions by:







The perspective of the commercialization of 

transgenic crops for the next decade, shows the 

continued development of transgenic crop 

cultivation up to the level of more than 200 million 

hectares by 20 million farmers in about 30 

countries of the world or more in 2025.









https://gm.agbioinvestor.com 

https://gm.agbioinvestor.com/




Transgenic ornamental plants

Transgenic rose and carnation 

Transgenic blue rose named APPLAUSETM by the Japanese company Suntory 



Transgenic animals

• Transgenic Carp in China

• Transgenic Tilapia in Cuba

• Transgenic salmon in the US

Source: Nature Biotechnology (2016)



Transgenic Goats!

• Transgenic goats with human lysozyme gene for milk 

production with higher shelf life and anti bacterial 

properties for kids

• Transgenic goats with human recombinant protein 

gene for treatment of haemophilia (Factor IX or Christmas factor)

Dr. James Murray scritches a happy goat - one of the goats that 

could hold the secrets to treating gut disease in humans. Photo 

credit:  Pat Bailey, photo © Regents of the University of California, 

Davis 



Transgenic Pigs!

a diagram of another transgenic animal, the Enviropig, a pig designed to 

produce phytase in its saliva.  This enzyme helps free up bound 

phosphorous in certain feeds, improving animal use of the mineral and reducing 

manure phosphorus content. Image credit: University of Guelph 

via http://www.producer.com/2010/05/industry-wary-about-enviropig/

Novel transgenic pigs with enhanced growth 

and reduced environmental impact (Elife. 2018 

May 22;7:e34286. doi: 10.7554/eLife.34286.)

GM Phytase Corn Found to Promote Digestion of 

Amino Acids in Pigs

ISAAA, February 9, 2022 

https://href.li/?http://www.producer.com/2010/05/industry-wary-about-enviropig/


Transgenic insects

• Producing transgenic insects for 

controlling different agricultural pests 

such as cotton red boll worm, 

Mexican fruit fly, olive fly as well as 

human diseases such as dengue 

fever, Malaria and Zika…

• Transgenic male sterile insects

• More than 5 million ha of 

olive orchards in Europe 

Union

• 35 million Euros for 

insecticides only in Greece



Transgenic micro-organisms

• Producing different transgenic micro-organisms for 

producing different metabolites including enzymes, amino 

acids, vitamins, dyes, etc., for different purposes e.g. 

lysine, methionine, tryptophan, and phytase for poultry 

and pig industry.
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