[bookmark: _Toc131025403]RISK ASSESSMENT FOR MON 89034 MAIZE 

(The risk assessment was conducted by following the principles outlined in the Annex III of the Cartagena Protocol on Biosafety which can be accessed via https://www.cbd.int/doc/legal/cartagena-protocol-en.pdf) 
 

	Risk assessment details 

	1. Country Taking Decision: 
	Republic of Malawi 

	2. Title: 
	Application for confined field trial of  MON 89034 Maize 

	3. Contact details: 
	Bayer Lilongwe University of Agriculture and Natural Resources (LUANAR)
Bunda College
P. O. Box 219, Lilongwe, Malawi
  

	LMO information 

	4. Name and identity of the living modified organism: 
	MON 89034 maize 

	5. Unique identification of the living modified organism: 
	MON-89Ø34-3 

	6. Transformation event: 
	MON 89034 

	7. Introduced or Modified Traits: 
	Pest resistance 
- Insect resistance 

	8. Techniques used for modification: 
	MON 89034 was produced via genetic modification using Agrobacterium-mediated transformation of maize embryonic cells, using plasmid vector PV-ZMIR245.  

	9. Description of gene modification: 
	MON 89034 produces two insecticidal proteins that protect against feeding damage caused by several lepidopteran insect pests including stalk borers and Spodoptera frugiperda (fall armyworm). Cry1A.105 is a modified Bacillus thuringiensis (Bt) Cry1A protein and Cry2Ab2 is a Bt (subsp. kurstaki) protein.  The combination of the two insecticidal proteins provides enhanced insect control and offers an additional insect-resistance management tool. 

	Characteristics of modification 

	10. Vector characteristics (Annex III.9(c)): 
	Plasmid vector PV-ZMIR245 was used to develop MON 89034. Genetic elements are reported in the application for confined field trial. 

	11. Insert or inserts (Annex III.9(d)): 
	The results of molecular analyses demonstrate MON 89034 inserts and flanking regions are present and intact. 

	Recipient organism or parental organisms (Annex III.9(a)): 

	12. Taxonomic name/status of recipient organism or parental organisms: 
	Common name:	Maize or corn 
Family name:	Gramineae 
Genus:		Zea 
Species:	              mays (2n+20) 

	13. Common name of recipient organism or parental organisms: 
	Maize or corn 
 
 

	14. Point of collection or acquisition of recipient or parental organisms: 
	MON 89034 was produced using elite parent lines into which the MON 89034 event has been introgressed.  The original transformation used privately owned germplasm acquired for this purpose. 

	15. Characteristics of recipient organism or parental organisms related to biosafety: 
	Maize is the world’s third leading cereal, following rice and wheat, in terms of production and area harvested.  It has a long history of safe use as a raw material for processed products, and direct uses as a human food or animal feed.  Today, maize is produced on every continent except Antarctica, and is exported and imported as viable grain for use as foods or feeds, or directly in processing, without risk to the environment.  
 
According to the OECD [Consensus Document on the Biology of Zea mays subsp. mays (Maize), 2003], “Maize has lost the ability to survive in the wild due to its long process of domestication, and needs human intervention to disseminate its seed”.  In addition, “maize is incapable of sustained reproduction outside of domestic cultivation”, and “maize plants are non-invasive in natural habitats.”  Despite the fact that maize frequently appears as a volunteer plant in a subsequent rotation, it has no inherent ability to persist or propagate.  In all regions of the world, volunteer plants are managed with herbicides, tillage, or manual removal of plants.  As such, maize is not considered to be a pest anywhere in the world.  When it occurs outside of cultivation, it has no impact on the conservation and sustainable use of biological diversity. 
 
Gene flow from maize occurs through the dispersal of seed and pollen-mediated exchange of genes to sexually compatible plants.  Since maize has no biological mechanism to scatter seed, low-level, incidental dispersal of viable grain occurs as a result of human-based activities such as transport and harvesting operations.  As was noted by the OECD, the few plants that might result from the incidental release will not persist or meaningfully reproduce without human intervention.  Gene flow via pollen is only possible to other maize plants throughout the world except in Mexico and Guatemala where wild relatives occur.   
 
Maize reproduces sexually, is a wind-pollinated, monoecious species with separate staminate (tassels) and pistillate (silk) flowers, which encourages natural cross-pollination between maize plants.  The distance that viable pollen can travel depends on prevailing wind patterns, humidity, and temperature.  Generally, the pollen dissemination period lasts three to seven days.  Because the incidental release of maize during importation occurs at very low levels, and because maize is not competitive, pollen-mediated gene flow between local maize and rare volunteers has had no effect on the conservation and sustainable use of biological diversity. 

	16. Centre(s) of origin of recipient organism or parental organisms: 
	The centre of origin for Zea mays has been established as the Mesoamerican region, now Mexico and Central America.  The origin of maize has been studied extensively and four main hypotheses have been suggested (OECD, 2003): 
 
1.	Descent from teosinte: maize originated by direct selection from teosinte; 
2.	The tripartite hypothesis: (a) maize originated from pod maize, (b) teosinte derived from a cross of maize and Tripsacum, and (c) modern maize varieties evolved by maize intercrossing with teosinte or Tripsacum or both (Mangelsdorf, 1974); 
3.	The common origin hypothesis: maize, teosinte, and Tripsacum descended independently from a common, unknown ancestor; and, 
4.	The catastrophic sexual transmutation hypothesis: the modern maize originated from teosinte by an epigenetic sexual mutation causing ear development. 

	 
	Other suggestions have included Coix and species of the genus Manisuris in the tribe Andropogoneae as contributing to the genome of maize.  The hypotheses have been tested by the study of crosses for genome commonality, fertility, variation, and segregation of morphological plant traits, by archaeological evidence, and by the use of molecular genetic markers. 
 
Evidence has been reported to support the different hypotheses, but the majority of evidence supports the hypothesis that maize was originally domesticated and descended from teosinte (Galinat, 1988).  The teosinte genome is similar to maize genome, and teosinte has several plant morphological traits similar to maize.  Teosinte has a more weedy appearance and more tillers than modern maize varieties.  The one major distinguishing difference between maize and teosinte is the female inflorescence, or ear.  Modern maize varieties have one to three lateral branches that terminate in an ear with 8 to 24 kernel rows of 50 seeds, and the ear is enclosed in modified leaves or husks.  Teosinte also has lateral branches, but they terminate in two-rowed spikes of perhaps 12 fruit cases, with each fruit case having one seed enclosed by an indurated glume (Goodman, 1988). 

	17. Centre(s) of genetic diversity, if known, of recipient organism or parental organisms: 
	Refer to point 16 above 

	18. Habitats where the recipient organism or parental organisms may persist or proliferate: 
	The bulk of the maize is produced between latitudes 30° and 55°, with relatively little grown at latitudes higher than 47° latitude anywhere in the world. The greatest maize production occurs where the warmest month isotherms range between 21 and 27° C and the freeze-free season lasts 120 to 180 days.  Because it is cold-intolerant, maize must be planted, depending on the maturity from mid-March to early June in the northern hemisphere and from early August through November in the southern hemisphere. As maize is a short-day plant, time to maturity is strongly influenced by photoperiod.  Maize is an annual crop with cultural cycle ranging from as short as 60 to 70 days to as long as 43 to 48 weeks from graining emergence to maturity (Shaw, 1988). 
 
The number of maize plants per hectare varies between 30,000 and 90,000 plants. The optimum density of plants is established taking into consideration a series of factors such as: the hybrids used, soil fertility and moisture stress level, yield goal (e.g. grain or silage production).  
 
A summer rainfall of 15 cm is approximately the lower limit for maize production without irrigation, with no upper limit of rainfall for growing maize, although excess rainfall will decrease yield and increase the chance of fungal infection.  
 
Maize typically grows best in well-draining, nutrient-rich soils with a pH between 5.5 and 7.0.  Nitrogen is typically the yield-limiting nutrient.  Soils with high saline content are very poor for maize production (OGTR, 2008) 

	Donor organism or organisms (Annex III.9(b)): 

	19. Taxonomic name/status of donor organism(s) 
	Bacillus thuringiensis 
 

	20. Common name of donor organism(s): 
	Bacteria  

	21. Point of collection or acquisition of donor organism(s): 
	The donor organism is ubiquitous in nature. 

	22. Characteristics of donor organism(s) related to biosafety: 
	Not applicable, since the donor organism is ubiquitous in nature and therefore does not pose a threat to biodiversity.  

	Intended use and receiving environment 

	23. Intended use of the LMO (Annex III 9(g)): 
	This is an application for confined field trial of MON 89034 in Malawi. 

	24. Receiving environment (Annex III.9(h)): 
	Confined field trial site in Malawi. 
 

	Risk assessment summary 

	25. Detection/Identification method of the LMO (Annex III.9(f)): 
	MON 89034 is detectable using the event-specific PCR method for detecting the introduced DNA. 

	26. Evaluation of the likelihood of adverse effects (Annex III.8(b)): 
	MON 89034 is considered as safe as conventional maize, based on the following –  
 
· The inserted genes in MON 89034 are stably integrated.  
· The safety assessment of the proteins produced in MON 89034 includes protein characterization, functional and structural comparisons of the proteins to ubiquitous plant and microbial proteins with a history of safe consumption, in vitro digestibility in simulated gastric and intestinal fluids, acute oral toxicity in mice, and amino acid comparison to known toxins and allergens. 
· Compositional analysis demonstrated that food and feed components from MON 89034 are substantially equivalent to that of the conventional maize, except for the intentionally introduced traits. 
· The plant phenotypic characteristics and environmental interactions evaluation demonstrated that MON 89034 is not meaningfully different from conventional maize and is not expected to pose a plant pest risk compared to conventional maize. 
· Studies demonstrate that the proteins are safe to non-target organisms, including humans, animals, and beneficial insects. 
	

	27. Evaluation of the consequences (Annex III.8c): 
	Considering the safety assessment conducted for MON 89034, the potential risk of adverse consequences is considered to be negligible. 
	

	28. Overall risk (Annex III.8(d)): 
	Considering the potential risks and the consequences should the potential risks materialize the overall risk of field testing MON 89034 is extremely low. 
	

	29. Recommendation (Annex III.8(e)): 
	No risks have been identified and therefore other than the containment parameters that might apply through the permit conditions, no additional actions need to be taken.   
	

	30. Actions to address uncertainty regarding the level of risk (Annex III.8f): 
 
 
 
	The potential risks for the specific product is negligible; hence no additional actions are required except compliance with the conditions contained in the permit.  
 
 
	

	Additional information 
	

	31. Availability of detailed risk assessment information: 
	The data generated for this product included comprehensive analyses that followed commonly accepted international guidelines and industry standards to demonstrate the substantial equivalence, and therefore safety, of MON 89034 compared to conventional maize. Furthermore, MON 89034 has been determined to be as safe as its conventional counterpart and several regulators globally have authorised its use as food/feed and for cultivation (http://www.biotradestatus.com/). MON 89034 has been field tested in numerous countries and/or grown commercially around the world for nearly two decades. 
	

	32. Any other relevant information: 
	None 
	

	33. Attach document: 
	Not applicable to the applicants 
	

	34. Notes: 
	None 
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