
www.jrc.ec.europa.eu  

Serving society 

Stimulating innovation 

Supporting legislation 

2020 Outlook: The GM crops global pipeline 
and New Plant Breeding Techniques 

Claudia PARISI 

EC-JRC-IPTS 

 Int. Workshop of GMO-analysis networking 

Varese 

21-23 July 2015 



OUTLINE 

• The global pipeline of GM crops 

• 2008 study 

• 2014 update: analysis of results 

• Future trends in Biotechnology 

• New Plant Breeding Techniques 

• State-of-the-art 

• Conclusions 

2 



The global pipeline of GM 
crops 

3 



• JRC Report (available at http://ipts.jrc.ec.europa.eu/) 
• Scientific publications 

 

GM crop pipeline: 
2008 Study 
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http://ipts.jrc.ec.europa.eu/


Context of the study: first incidents of GM crop Low Level 

Presence (LLP) and consequent trade disruption. 

Main results: 

• 42 GM events authorised in at least one country, of which 33 cultivated 

• Main GM crops: Cotton, Maize, Soybean, Oilseed rape 

• Main traits: Insect resistance, Herbicide tolerance 

• Main developers: US- and Europe-based Multinational Companies 

• Projections 2014: 

  - 103 GM events on the market (higher LLP risk) 

  - Half of new GM events brought to the market by players from   

    developing countries 

  - Quality traits slowly emerging 

GM crop pipeline: 
2008 Study 

Main objective: to assess the likelihood of future LLP incidents of 

unapproved GM material in crop shipments and to understand 

related impacts on global trade and the EU´s agri-food sector. 
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Objectives: to depict the orientation taken by biotechnology 

innovations in agriculture and its consequences for many actors 

in the commodity supply chain and regulatory/authorization 

bodies.  

Methodology: build a database of GM crops in the following 

development stages: 

 

 Marketed crops 
GM events that are currently cultivated and 

commercialized in at least one country worldwide 

Crops at Pre-commercial stage 
GM events that are authorized for cultivation in at least 

one country worldwide but not yet marketed 

Crops at Regulatory stage 
GM events that are under assessment for authorization 

in at least one country worldwide 

Crops at Advanced R&D stage 
GM events not yet in the regulatory process but at late 

stages of development. 

Crops at Early R&D stage 
GM events for which a proof of concept has been 

obtained. 
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GM crop pipeline: 
2014 Study 



Sources of information: 

• Public databases of approved GM crops 

• Databases of the national public authorities 

• Information available online on the GM crops pipeline of 

private companies 

• International workshop (11-12 June 2014 at JRC-IPTS):  

• National regulators from the EU, the US, Canada, Brazil, China, 

India, Turkey, Australia and Africa.  

• The Food and Agriculture Organization (FAO) 

• The main private technology providers of GMOs 

• Public Technology Providers and Public-Private Partnerships in the 

field of GM crops development 

• Stakeholders from the food/feed supply chain 
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GM crop pipeline: 
2014 Study 



Future trends in biotechnology 

Intellectual Property 

Technological developments 

Expiry of patents of broadly cultivated and exported GM crops: 
• November 2014: MON810 maize 
• March 2015: 40-3-2 soybean 

New Plant Breeding Techniques (NPBT) 
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RNA interference is increasingly used to obtain a stable gene 
silencing effect in transgenic plants. The R&D is very active and 
some products are at an advanced stage. 



OLIGONUCLEOTIDE 
DIRECTED 

MUTAGENESIS 

GRAFTING 
ON GM 

ROOTSTOCK 

ZINC FINGER 
NUCLEASE TECHNIQUE 

CISGENESIS AND 
INTRAGENESIS 

MEGANUCLEASE 
TECHNIQUE 

TALEN TECHNIQUE 

TARGETED MUTAGENESIS TECHNIQUES 

VARIANTS OF PLANT TRANSFORMATION TECHNIQUES CRISPR-Cas SYSTEM 

RNA DIRECTED DNA 
METHYLATION 

REVERSE BREEDING 

TECHNIQUES RESULTING IN "NEGATIVE SEGREGANTS"  

EARLY FLOWERING-
accelerated breeding 
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New Plant  
Breeding Techniques 
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New Plant  
Breeding Techniques 

• JRC Reports 
• Scientific publications 
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Development over time of scientific publications on NPBTs 
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New Plant  
Breeding Techniques 
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Multiple techs = papers or reviews about more than one technique of site-directed mutagenesis 
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New Plant  
Breeding Techniques 

Development over time of scientific publications on 
Site-Directed Mutagenesis 
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New Plant  
Breeding Techniques 

Development over time of patents on NPBTs 



Commercial  
development 

NPBT Patent owner Product name Licensee Plants 

ODM 

Cibus Company (US) RTDSTM 
HT Oilseed rape (BASF), oil quality oilseed 
rape (BrettYoung), Flax (Flax Council of 
Canada), potato (NEU seed) 

Keygene (NL) KeyBaseTM HT tobacco, tomato and Petunia 

ZFN 

Sangamo (US) EXZACTTM 
Dow 
(exclusive) 

HT maize, sugar beet (KWS Company), 
quality potato (Wageningen U.), 
lumber/paper prod. Trees (Oregon State U.) 

Danziger Innovations (IL) MemoGeneTM 
tobacco, tomato, Petunia, Arabidopsis, 
lettuce, Agyranthemum and Populus tremula 

Toolgen (KR) GeneGripR   Arabidopsis 

MGN 

Cellectis Plant Sciences 
(FR) 

n.d. 
Monsanto 
(non-excl.) 

n.d. 

Precision 
BioSciences (US) 

DNE 
Dupont, 
BASF (non 
excl.) 

Arabidopsis, tobacco, maize and more 

TALEN 

Cellectis Plant Sciences 
(FR) 

n.d.   n.d. 

Two Blades Foundation n.d.   n.d. 
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New Plant  
Breeding Techniques 
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OECD Working Group on the Harmonisation of 
Regulatory Oversight in Biotechnology 
2014 questionnaire on NPBT employment among the 
delegations of the WG  

New Plant  
Breeding Techniques 

1. Cisgenic apples with scab resistance (Switzerland, the Netherlands). 

2. Fireblight resistant apples through accelerated breeding (Switzerland). 

3. Citrus trees with transgenic rootstocks (Argentina). 

4. Male-sterility technology in Maize (Argentina). 

5. Cisgenic potatoes resistant to late blight (the Netherlands, Belgium, Ireland). 

6. Different food crops developed via ODM (the Netherlands). 

7. Trees with altered lignin composition developed via RNAi (Belgium). 

8. Accelerated breeding using Apple latent spherical virus-based vectors (Japan). 

9. Herbicide tolerant oilseed rape developed through ODM (UK). 

10.Cereal varieties developed through site-directed nucleases (UK, Ireland). 

11.Cisgenic maize lines that are drought and cold resistant (Mexico). 

12.Cisgenic papaya resistant for a specific fungus (Mexico). 

13.Applications of transplastomics/agroinfiltration for pharmac. purposes (Mexico). 

14.Herbicide tolerant flax via ODM (Canada). 

15.Queries submitted to US regulatory agencies (cisgenesis, ZFN, MGN, null-segregants). 

16. Intragenic ryegrass with improved forage qualities (Australia). 



DETECTION IDENTIFICATION 

CISGENESIS/INTRAGENESIS 
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DETECTION IDENTIFICATION 

RdDM 

REVERSE BREEDING 

NON-GM SCION 
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New Plant  
Breeding Techniques 



Conclusions 

• The global GM crop pipeline has shown an evolution since 2008: 

• The number of authorised GM crops has more than doubled 

• Players from developing countries and from SMEs have a bigger role  

• However: 

• The introduction of new crops and quality traits is happening slowly 

• Most players from developing countries only aim to cultivate and 

authorised their GM products domestically 
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• GM developers/breeders continue the trend of combining several 

traits by commercial stacking, which are becoming one of the 

dominant form of GM crops cultivated worldwide. 

• NPBT, especially nuclease-directed mutagenesis, are emerging 

and reaching the market, but their products are in most cases 

indistinguishable from conventional (non-GM) crops from a 

detection point of view.  



Thank you for your attention 

Claudia.PARISI@ec.europa.eu 

For more information:  
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