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Confirmation of transformation

 PCR analysis of the presence of the APX and SOD gene in putative 
transgenic plant. 

 DNA molecular size marker (lane 1), 
 negative control (non-transformed cauliflower leaves) (lane 7 & 9),

transformed plants carrying SOD gene (lane 2, 4 & 5), 
 positive control (Agrobacterium DNA of SA or TA Strain) (lane3 & 6),

transformed plant carrying APX gene (lane 10), 
 positive control (Agrobacterium DNA of APX strains) (lane 11) 
 (lane 8) water.
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Transgenic plant growing on 
Salt containing medium



The additional gene(s) in the GM variety will confer 
a measurable change on the variety such as:-

 resistance to something – pest (caterpillars, aphids, 
grazing insects), disease, 
chemical (herbicide)

 improvement in structural composition – bread-making 
potential, oil composition, reduction in skin deterioration, 
delay in over-ripening, ability to remain standing during 
adverse weather.

 change in physiology – stress resistance; improvement 
in water use, improvement in nutrient use, improved 
efficiency of production (photosynthesis, respiration).

 improvement in levels of health-promoting 
compounds – vitamins, anti-cancer compounds, 
anti-oxidants

 production of novel compounds – pharmaceutical 
products.



GM cabbages protected against 
caterpillars using Bt toxin







Benefits of GM crops since 1996

 Global farm income benefit in 2010  $14B
 Accumulated farm income 96-2012  $78.4B

 Reduction in pesticide by 9%   448 Mkg a.i.
 Reduction in environment impact quotient 

17.9%

 CO2 emissions reductions in 2010 equivalent 
to removal of 8.6M cars from the road -
reduced farm fuel use and sequestration



GM offers opportunities for environmentally 
friendly, economical farming with more targeted use 
of pesticides and reduced use of fossil fuels.

 GM cotton (Bt),  has led 
to an 80% reduction in 
usage of pesticides. 

 The farmers that grow 
this cotton are reducing  
the pesticide input into 
the environment and 
reducing the risks to 
their own health. 



 Change in volume Farm income benefits
 pesticide use from use of GM vars
 million kg a.i. millions US$ 

1996-05

 GM HT soy -51.4 11,686
 GM HT maize -35.5 795
 GM HT cotton -28.6 927
 GM HT canola -6.5 893
 GM BT maize -7.0 2,367
 GM BT cotton -94.5 7,510
 Others -0.1 66            
 TOTAL -224.3 24,244

 Adapted from G. Brookes & P. Barfoot, 2006, GM Crops the first 10 years, 
ISAAA Brief 36, ISAAA, Ithaca, NY, USA.



There are considerable potential 
advantages of GM for infertile land
 Salt resistance – salt inundation and salinisation 

through irrigation

 Drought resistance – arid and semi-arid conditions 
create variable yields

 Frost resistance – extremely low winter temps reduce 
capability for overwintered crops.  Occasional spring 
frosts damage blossomcrops



Next Generation GM plants/crops

Direct consumer benefits – healthier diets

Micronutrients (Golden Rice – Phillipines 
launch)
Fatty acid composition (PlenishR & Vistive 
GoldR ready for US and China launch)
Resistant Starch
Antioxidants



Next generation GM plants/crops

Trait crop Base level GM level Health effect
Beta-
carotene

Golden 
Rice

0 g/g 37 g/g Vit A deficiency

Iron Rice trace 6 fold Anaemia & Brain 
development

Folate Rice 1 g/g 17 g/g Neural tube 
development

Ascorbate Maize 18 g/g 107 g/g Scurvy
Omega-3 Rapeseed 12% 50% Cardiovascular 

health
Amylose Wheat 28% 75% Diabetes & Bowel 

disease
Anthocyanin Tomato trace 2.83 g/g Anti-cancer



Golden Rice

 Golden Rice is a GM variety enriched in beta-
carotene -> vitamin A and is helping to 
reduce VAD in many developing countries of 
the world.



Farmaceutical plants – Golden Rice

 Lack of sufficient vitamin A leads to Vitamin A Deficiency 
(VAD)

 VAD is endemic in 26 countries and serious in a further 13 
countries worldwide

 VAD affects over 124M children worldwide leading to 
irreversible blindness.

 UNICEF estimate there are 1.2 to 1.4M child deaths every 
year due to VAD











Do GM crops affect the environment per se?

 Gene flow between farm crops and wild 
plants is possible if the species are sexually 
compatible. (natural Introgression)

 Generally this is a very low frequency event.
 Introgressed genes will only persist in the wild 

population if they show a selective 
advantage.

 The possibility and consequence of any
such gene flow is a primary concern of 
the regulatory authorities.



Ownership and Control
 GM crop technology is principally owned by Private 

Industry although there a lot of the scientific 
breakthroughs are owned by Universities.

 The UK and other western Governments systematically 
sold off their plant breeding capabilities in the 1980’s and 
1990’s.

 The development of GM technology has been very 
expensive and the Government has been keen to see 
Private Industry bear this cost.

 Private Industry requires a return on investment and now 
needs GM varieties to start to show such a return.

 This is a “developed” world’s technology
 The greatest impact for this technology is in the 

“developing” world who will have difficulty paying for it!
 GM crops for the “developed” world’s needs will be where 

the Private industry obtains its revenue
 Government has a duty of Control and Regulation.



GM crop varieties are proving to be 
dependable and safe 
 GM crops are being grown worldwide on 

approximately 148 million hectares  
(nearly 1% of total world arable area)

 Repeat sales of GM crop varieties 
demonstrate that the varieties offer 
advantages over competitor non-GM 
varieties

 There have been no instances of human 
or animal health problems associated 
with the consumption of these GM 
products





China’s investment in GM crops

 2008 announced a new investment

 15 year programme

 £2,600,000,000



Nanotechnology

 Nanoparticles can switch on genes

 Can induce pathogen resistance mechanisms –
could replace Fungicides

 Can induce abiotic stress resistance



Results: CBF expression under Mo effect.
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Nanotechnology

CARBON NANOTUBES DELIVER DNA
WICH INCORPORATE INTO THE PLANT 
CELL STRUCTURE


