RISK ASSESSMENT OF LIVING MODIFIED TREES
This guidance complements the Roadmap for Risk Assessment of LMOs giving emphasis to issues that are of particular relevance to the risk assessment of LM trees. As such, risk assessments of this type of LM plants also follow the general principles outlined in the Roadmap, but take into account the specific characteristics of perennial long-living trees outlined in this section of the present document.

Background

This guidance should be considered in the context of the Cartagena Protocol on Biosafety. The elements of Article 15 and Annex III of the Protocol also apply to LM trees. Accordingly, the methodology and points to consider
 contained in Annex III are also applicable to this type of LMO. 

The considerations in this guidance complement the Roadmap for Risk Assessment of LMOs and aim at providing a general overview of issues that may be relevant when assessing the risks of LM trees. These LMOs were highlighted in the Canada/Norway workshop (UNEP/CBD/COP-MOP4/INF/13), decision BS-IV/11, and online fora as needing specific guidance on risk assessment.  As such, LM trees were prioritized in a process used by the AHTEG in Mexico City, May 30 through June 3, 2011.













Introduction




Trees and forests and their vast diversity in distribution, organismic networks, species and genotypes have significant ecological, economic, environmental, climatic and socio-economic values: forests and fruit trees/orchards provide important food supplies (for humans and animals); wood is an important raw material for building and construction, pulp and paper, and energy production (including fuel wood which accounts for about half of all harvested wood).  Sequestration of atmospheric carbon by trees has been identified as an important function in mitigating climate change.  Trees play a role in air and water quality, and soil conservation, providing important ecosystem functions and services. In addition public forests are of high value for recreation and tourism and may have cultural and spiritual significance. 

31% of the total global land area or more than 4 billion ha are covered by forests. 1,2 billion of these are used for production of wood and non wood products. An additional 949 million ha are dedicated to multiple uses including soil and water conservation, often in combination with the production of goods, while there are 460 million hectares where the primary designated function is the conservation of biological diversity (12% of the total forested area). Planted forests including plantations are increasing, mostly through afforestation (planting of areas not forested in recent times), and now comprise around 7% of the total forested area. Such planted forests are typically intensively managed primarily for a specific product.  FAO notes that the increasing area of planted forests is likely to meet a larger proportion of the demand for wood in the future, thus alleviating the pressure on primary and other naturally regenerated forests.  Accordingly forests trees, especially those most suited for plantations are the focus of advanced breeding strategies including genetic engineering. (FAO 2010),
Fruit trees and forests trees grow in all different regions of the world from temperate to tropical climates.


The subject of this guidance is LM trees.  According to FAO, a tree is: “a woody perennial with a single main stem, or, in the case of coppice, with several stems, having a more or less definite crown”. For FAO bamboos, palms and other woody plants if meeting the above criteria are included into the definition of a tree (FAO 2005). 
 Trees occur in many different orders and families of plants. Most species of trees today are flowering plants belonging to the Angiosperms and gymnospersm (conifers). Because of the breadth of organisms that could be captured under the FAO definition of “tree”, this guidance was developed to target a narrow subset namely: trees used in plantation and orchard operations (see Scope of Guidance below).
Should we elaborate a bit on “commercial tree”?

Short description what trees are engineered for

Currently about 30 different tree species have been engineered to deliver changed characteristics due to inserted transgenes and have been field trialed (FAO 2004, Verwer et al. 2010). In the majority of cases these efforts are directed at the most commonly planted, commercial tree species.   The focus for plantation tree genetic modification includes herbicide resistence, wood composition (eg lignin), growth rates and phenology (including flowering and fruiting) (Verwer et al. 2010), insect/pest tolerance, or abiotic stress tolerance whereas key aspects with fruit trees are resistence to pathogens and abiotic stress together with phenology. By far the most transformations and trials have been done with poplars (Canada Norway Workshop 2007), followed by eucalyptus and pine. Among fruit trees apples and papaya have received the most field trial approvals.  China has experience with transgenic poplar resistant to insect on commercial scale (Ewald et al. 2006) where as two different types of fruit trees have been approvedl for commercialization (in the United States, virus resistant papaya (two different examples) and virus resistant plum, http://www.isb.vt.edu/search-petition-data.aspx). 
Research on genetically modified trees is being conducted throughout the world and field trials have been approved in more than 20 countries.
Characteristics of trees 

Trees are plants that have some unique characteristics compared to annual crop plants for which there is much experience with risk assessments according to Annex III. While the extensive experience with risk assessment for LM crops like maize and rapeseed is relevant to LM trees, the unique characteristics may need to be considered in assessments conducted on an LM trees as appropriate.  Due to their large physical size for example, it may be possible to collect only limited data from greenhouse experiments.  As a consequence, backcrossing or other breeding approaches, and propagation via seed as is typical for annual crops may not be practical.  In many cases, the production of material for testing and planting may be accomplished through vegetative propagation or tissue culture methods, similar to what may occur in other vegetatively propagated plants such as potato.  In particular, many fruit trees are propagated as clonal material through repeated grafting on separate rootstocks (consider also propagation in grapes).  
Trees are long-lived perennials that have varying reproductive strategies and generation cycles depending on the species. 
As with other plants, fecundity (reproduction capacity),  seed dormancy, distribution pathways of propagules, possibilities of vegetative reproduction and viability are important considerations in the risk assessment.  Depending on the tree species, one or more of these characteristics may merit special attention. Forest ecology including biomass production, landscape architecture, relationships with mycorrhiza, symbiotic associations with fungi should be considered particularly when there is a significant potential for escape from plantations/orchards (commercial production) and/or gene flow. The OECD Working Group on Harmonization of Regulatory Oversight has published consensus documents on the biology of 13 species of trees for use in risk assessment.  These document can be found at http://www.oecd.org/document/15/0,3746,en_2649_34385_37336335_1_1_1_1,00.html 

Breeding and cultivation of trees used commercially is a relatively recent development, and is hampered by the late onset of maturity as well as limitations on conventional breeding practices such as selfing or backcrossing (Campbell et al. 2003). In Europe, tree propagation and forest management commenced in the Middle Ages, but only since the 19th century, forest trees are being systematically bred for adaptation to the needs of wood production (Mathews & Campbell 2000). For this reason, even in commonly planted plantation and orchard species, the level of domestication is still low. 

scope of this Guidance

This guidance focuses on perennial woody plants encompassing plantation 
trees and fruit trees developed for commercial use (see tree definition above).

The family of Palmae or Aracaceae (palm trees) and the herbaceous flowering banana plants as not being trees, and bamboos belonging to the family of true grasses (Poaceae) are not covered by this guidance. 

Also not covered are so-called heritage trees, transgenic trees developed for the conservation or restoration of threatened forest trees 
(Merkle et al. 2007). 
Overarching issues in the risk assessment process

(see “Overarching issues in the risk assessment process” in the Road Map) 
Intentional and unintentional transboundary movement with reference to AIA requirements 

Trees display a special challenge in the context of the provisions of the biosafety protocol and the recommendations regarding conservation and development of forest biodiversity in the Convention on Biological Diversity setting the framework for the Protocol
. (to be further elaborated) 

Planning Phase of a Risk Assessment of transgenic trees

The Comparative approach -
Rationale (see “Planning Phase of the Risk Assessment”, “The choice of comparators” in the Roadmap) 

  Like other LMOs subject to risk assessment under the Protocol, a comparative approach is to be used.  For species with highly heterogeneous phenotypes, care needs to be taken to design experiments and select controls that will adequately account for the heterogeneity in the risk assessment.  Field tests evaluating for meaningful phenotypic changes must be sensitive enough to detect changes significant for the risk assessment.  Similarly, selection of appropriate environments in which to test trees for phenotypic differences should be given consideration.


Thus a comprehensive planning phase is needed to define suitable comparisons, appropriate comparators and region for conducting field trials. 

Points to consider

(a) The physical size of trees may limit data available from glasshouse experimentation as a basis for assessment and a prerequisite to field trials;

(b) Field trial design, scale and length;

(c) Choice of comparator (for example conventional counterparts such as regional provenances or ecotypes;   

(d) Parameters being assessed (e.g. biotic and abiotic stresses) and potential to detect unexpected effects that may be delayed or stress dependent/specific;

(e) Rather than generating progeny through crosses, trees may be multiplied through vegetative propagation or tissue culture methods..

(f) 
(g) 
(h) 
(i) 
CONDUCTING The risk assessment  





(a) 
(b) 
(c) 
Genetic and phenotypic characterisation and stability (see “Step 1”, “Point to consider (d) and (e)” in the Roadmap)
Rationale

During a trees lifespan these organisms experience multiple abiotic and biotic impacts and environmental changes with plasticity in genomic and phenotypic reactions considered to play a role in such adaptive responses. Potential transgene instability including gene silencing  and variable expression levels over the lifespan of trees should also be considered (Ahuja 2009; Harfouche etal. 2011). Issues like gene silencing would have significant commercial impacts, and may be of greater interest commercially than in the risk assessment. Gene/environment intreactions also play a role (Strauss et al. 2004).  As with annual crop LMOs, transgene stability is a concern both for efficacy and transgenic approaches required for containment strategies (eg male sterility or ablation of floral organs).

Points to consider

(a) Genetic rearrangements or other changes over time;
(b) Interaction with genes of the host genome and gene/environment interactions in space and time;
(c) Variability of expression levels, including gene silencing;
(d) Influence on and stability of phenotypic characteristics over time;
(e) Altered or unstable ability to respond to biotic and abiotic stresses
.
Receiving environment(s) (see “Step 1”, “Points to consider (f) and (g)” in the Roadmap)
Rationale

The identification and characterisation of receiving environment(s) will depend on the species in question and the individual case. Important  factors to consider with respect to the receiving environment include those that impact the potential of the tree to persist and proliferate and the effectiveness of any mitigating actions that would be taken. 

Points to consider

(a) Potential for seeds and/or vegetative propagules to establish in nearby landscapes e.g., forests;
(b) Presence and proximity of species in the receiving environment with which the LM tree may hybridize;
(c)  

(d) Degree of management of nearby habitats;
(e) Proximity of orchards and fruit production with hybridising cultivars in the receiving environment;
(f) Occurrence and frequency of  individul organisms or feral groups of fruit trees;
(g) Occurrence of protected areas nearby;
(h) Possible impacts on water tables and water sheds in or linked to the potential receiving environment; 

(i) 

(j) Ecosystem function and services of potential receiving environment. 

Dispersal and distribution pathways (see “Step 2”, “Point to consider (e)and (f)” in the Roadmap)
Rationale

Among the wide variety of trees there are a variety of ways to reproduce and disperse via seeds and/or vegatative propagules.  Note that in many annual crops where the seed is the primary harvestable component, specific traits for seed retention (e.g. non-shattering) have been selected.  Depending on the tree species, propagules may be adapted to spread far and wide, (eg. by wind, water, animals, insects) often with large amounts of pollen and seed per individual.  Seeds inside fruits may travel as commodities around the globe and be released at the place of consumption such as road margins, railway roads or touristic areas, as well as local gardens.
Points to consider

(a) Pollen dispersal:
(i) Pollen viability and pollination mechanisms;
(ii) Possible spatial pollen distribution;
(iii) Timing of pollen production vs. receptivity of female flowers;
(iv) Mechanism developed in some species to ensure selfing.
(b) Seed dispersal:
(i) Seed dormancy and viability; 

(ii) Abiotic distribution (wind, water, floods etc.);
(iii) Biotic distribution via animals including humans, e.g., seed dispersal via commodity fruits;
(c) Potential for vegetative dispersal (including via exported or imported wood/branches);
(d) 
Exposure (see “Step 1”, “Points to consider (e)to (h)” in the Roadmap)
Rationale

Trees as ecosystems in themselves may interact with multiple organisms, providing habitats and being part of elaborate food webs. Potential impacts on these interactions may be highly  dependant on the modified trait (e.g., resistance to a specific pest), and where applicable, exposure assessment for LM trees may need to be considered over time and space taking also into account processing and trade routes. 

Points to consider

(a) Life span;
(b) 
(c) Interactions/Food webs as applicable:
(i) with symbiotic microorganisms/mycorrhiza;
(ii) with soil organisms including decomposers and pest organism;
(iii) with pest organisms (viruses, bacteria, fungi);
(iv) with above ground invertebrates (including predators and pests);
(v) with birds;
(vi) with wildlife.



Management strategies (see “Step 4”, “Point to consider (d)” and “Step 5” in the Roadmap)
Rationale

Manangement strategies for plantation trees encompass transgenic confinement approaches like induction of male sterility or flower ablation or rotation schemes with fast-growing species being cut before reaching the reproductive phase. The management of fruit trees/orchards will be quite different because of different practices of tree propagation and improvement eg via grafting. Whereas the prolonging of the juvenile phase to prevent the onset of flowering may be an aim with plantations trees early flowering is an important target with fruit trees (Flachowsky et al. 2009) .

Points to consider

(a) Rotation period; 

(b) Degree and type of management;
(c) Evaluation of management strategies, e.g., based on
(d)  results of field trials.
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�  Paragraphs 8 and 9 of Annex III, respectively.


�A similar definition can befound in Henderson´s Dictionary of Biological Terms 1992. A tree is “ a woody perennial plant which has a single main trunk at least 7,5 cm in diameter at 1,3m height, a definitely crown of foliage and a height of at least 4 m. (…) 


� Resolution 1 of the Ministerial Conference on the Protection of Forests in Europe, Helsinki 1993





�The ideas presented in this section should be consistent with previous guidance on special topics.  We have no mandate from the COP to produce this document.  


�I found it easier to edit your original draft in this fashion.


�From the FAO Biotech in Developing Countries meeting in Mexico in 2010 is the following description of productive  planted forests:  "Forests of introduced and/or native species, established through planting or seeding mainly for production of wood or non-wood goods".  Technically this would include fruit orchards as well (except that technically they are more likely to be established by grafting). It is these settings that are the likely commercial targets fro LM trees. 


To put this in some context, there is a wide range of management of trees, from intense to essentially none. 


�This document should be about plantation and fruit trees.  I don’t know of any commercial application to « forest » trees.


�Such factoids are interesting, but only as a specific case.  All tree/plant propagules are subject to ecological elements like competition etc.  We should highlight the probable and likely rather than the extremely rare.


�All these aspects of forest ecology need to be tied to the subject of this guidance – risk assessment.


�We need to reexamine this subdivision and inclusion/exclusion of certain tree types.   All of these share the key thematic characteristics described above – long-lived perennial growth, realtively undomesticated, large stature, while each also provides examples of some of the differences between different tree species that must be addressed if this guidance is to be meaningful.  Certain "heritage trees" for example will likely play a much more singificant role in interactions with wildlife than some plantation grown trees;  palm trees may be grown in highly managed plantations; bananas exemplify the difficulties in acheiving improvements through brreeding; bamboo. although technically a grass, shares the vegetative propagation aspects of certain tree species.





�Plantation trees (pine and poplar) may be found in forests, but GM technology will be applied to plantations and not forests.  One consideration that will be highlighted later is gene flow to forest systems.


�There is no such « common understanding ».  This is a highly debatable subject that should not be debated in this guidance.


�While we discussed this in our group, we need to get input on whether or not it is relevant for us to highlight the fact that many LM trees may not be subject to AIA because there will be no transboundary movement of an LMO.  Plantation trees would be an example.  However, fruit trees would be an example of a potentially viable LMO being moved within the food product.


�I do not agree with this as stated. These ideas should be reformulated in a positive manner on how one should approach the risk assessment.


�We are not writing a policy document.  While this is an interesting policy proposal, trees, like eucalyptus are being tested in places like the Southern US and Brazil since they are an important species for the paper industry.  


�This is relevant to risk management and approval of field trials.  It is not revelant in discussion on the comparative approach.


�There is nothing unique to trees or transgenesis in this discussion.  We will continue to have much debate within the AHTEG on the most appropriate manner to evaluate a LMO (genotype vs phenotype).  Importantly for this document, there is nothing unique about mutations and risk assessment for trees versus any other plant. 


�Somehow we need to articulate why these are special for LM trees.  All these are points to consider for other GM plants.


�Not unique to trees.


�Dealt with above under  receiving environment and dispersal and distribution pathways.





�Again, we need to articulate why these are special for LM trees.  All these are points to consider for other GM plants.


�Link did not work for me.
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