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

Forest biodiversity is a core area of work in the Convention on Biological Diversity. During its 8th and 9th session the Conference of the Parties dealt especially with transgenic trees including recommending a precautionary approach (UNEP/CBD/COP/DEC/VIII/19 under “B. Other Matters”) as well as further engaging “to develop risk-assessment criteria specifically for genetically modified trees” (UNEP/CBD/COP/DEC/IX/5(v) – see also paragraphs (s) through (z)).












Given these recommendations and mandate and taking into account the topics identified in the previous intersessional periods as well as the outcome of the priority-setting exercise conducted in the Open-ended Online forum preceding the 3rd face-to-face meeting the AHTEG agreed to develop additional guidance for the environmental risk assessment of transgenic trees thus fulfilling the recommendations especially raised by COP IX.

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, the pulp and paper industry, and energy production (incl. fire wood); sequestration of atmospheric carbon is an important function in mitigating climate change; air filtration, water and soil conservation as well as their role in local climate (micro climate), cloud formation and rain fall patterns (due to tree/forest transpiration) are important ecosystem functions and services. In addition forests are of high value for recreation and tourism and 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 (FAO 2010). Managed forests including commercial plantations are increasing and now comprise around 7% of the total forested area. Accordingly forest trees especially those suited for plantations are in the focus of advanced breeding strategies including genetic engineering. (FAO 2010).

Fruit trees and forest tree species of economic interest grow in all different regions of the world from temperate to tropical climates. Usually tropical forests show higher species richness combined with a higher biomass production (per year). According to ecological theory the high biomass production is combined with nutrient poor soils (because of the high turnover which do not allow accumulating humus and nutrients)
– meaning that there is a much higher sensitivity to disturbances and biotic or abiotic stress in tropical forests (Begon et al. 2006) 

The definition of a tree

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). 
 Tree plants occur in many different orders and families of plants. Most species of trees today are flowering plants belonging to the Angiosperms and Gymnosperms. 
Short description what trees are engineered for

Currently about 30 to 40 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 of forest or 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 apprehension and field trial approvals (Gessler&Patocchi, 2007; Hanke & Flachowski 2010). Poplar is the only transgenic forest tree species planted on a commercial scale (in China, Ewald et al. 2006). Two different types of fruit trees have been approved for commercialization (in the United States, virus resistant papaya (two different lines) and virus resistant plum, http://www.isb.vt.edu/search-petition-data.aspx).
Uniqueness of trees 

Trees show unique characteristics compared to annual crop plants. They have a long lifespan and exhibit unique reproductive abilities. Together with long generation cycles and a late onset of building reproductive organs their vegetative phases where only vegatative propagation is possible may extend from one to several decades. Forest tree species like lime trees 
can live for several hundred years. For some living trees even an age of more than 4950 years is proven (Matyssek et al. 2010). High fecundity (reproduction capacity) together with seed dormancy, multiple and very effective distribution pathways of propagules, extended possibilities of vegetative reproduction and high viability are important aspects of their worldwide adaptive capacities and distribution. Forest trees are valued for their large biomass production and contribution to ecological and landscape architecture. Root systems are extensive and are inextricably enmeshed with mycorrhiza, symbiotic associations with fungi. In addition (forest) trees are involved in broad interactions with further organisms from decomposers to birds and wildlife. Given all these aspects quite often trees are described as constituting an ecosystem in themselves.

Breeding and cultivation of forest trees is a quite novel approach of resource utilisation (Campbell et al. 2003). 
In Europe, forest tree propagation and management commenced in the Middle Ages, but only since the 19th century, have forest trees been systematically adapted to the needs of wood production (Mathews & Campbell 2000). For this reason, even in commonly grown species, the level of domestication is still low.  Fruit trees are generally considered more highly domesticated.  A specific consideration for fruit trees is the global production and trading with fruits which should be considered with respect to seed distribution via fruit consumption except wherer seedless cultivars exist eg. some citrus trees.

scope of this Guidance

This guidance focuses on perennial woody plants encompassing forest/plantation trees, and fruit trees used in transgenic approaches  (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. The application of transgenic technology to restore heritage trees aims for spread of the transgenes into endangered wild relatives (Merkle et al. 2007). Consequently a risk assessment has to focus on a number of different questions regarding exposure, spread  and possible impact needing a seperate approach
.

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. According to the Protocol, the definition of a living organism in Art. 3 (h) refers to the capability of the biological entity to transfer or reproduce genetic material. Besides seeds the ability to sprout makes a tree capable to reproduce its genetic material under certain conditions. Thus all GM wood parts still capable of vegetative reproduction should be seen as a living organisms. In this context there may be some overlap in the relation between "intentional transboundary movement for intentional introduction into the environment" (Art 7) as well as "unintentional transboundary movements" (Art. 17), e.g. in cases of LM tree releases on locations close to national borders as well as in cases of commercial approvals of LM trees. As a result, those cases of commercial and experimental release approvals by a Party should trigger the examination if the provisions of Art. 7 and/or Art.17 apply.
(Suggested alternative text):  According to the Protocol, the definition of a living organism in Art. 3 (h) refers to the capability of the biological entity to transfer or replicate genetic material. In addition to seeds, the ability of some tree species to reproduce through vegetative propagation should be addressed as part of any intentional transboundary movement (Art 7).  Similarly, this characteristic should be addressed with respect to possible unintentional transboundary movements (Art. 17), e.g. in cases of LM tree releases on locations close to national borders as well as in cases of commercial approvals.  As noted above, for fruit trees, international trade and consumption of fruits with seeds should be addressed with respect to transboundary movement (both intentional and unintentional).
Planning Phase of a Risk Assessment of transgenic trees

The Comparative approach - aspects of implementation?

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

Trees 
as long-living species with unique adaptive and reproductive capacities and low degrees of domestication do not easily fit into an assessment based on a comparative approach developed for annual crops with high degree of domestication. The interactions with other organisms, possibly changing over the lifetime of the tree, and adaptive capabilities regarding abiotic and biotic impacts and stresses should be taken into account where appropriate.

In sustainable forestry the use of regional provenances is regarded as being of special importance because of higher plant vigour, better adaptive capabilites and consequently better performances (Hubert & Cundall 2006). For example the Ministerial Conference on the Protection of Forests in Europe recommended  “Native species and local provenances should be preferred where appropriate. The use of species, provenances, varieties or ecotypes outside their natural range should be discouraged where their introduction would endanger important/valuable indigenous ecosystems, flora and fauna……”
 . 

As with any LMO a comprehensive planning phase is needed to define what are suitable comparisons.The long lifespan of trees and that they may havepotential for spatial spread into natural ecosystems, should be taken into account when considering any  limitations in the predictive power of a environmental risk assessment.

Points to consider

(a) Data from glasshouse experimentation (where available) that may be used as a basis for assessment and consideration of field trials;
(b) Field trial design and length;
(c) Use of regional provenances or ecotypes inside their natural range as conventional counterparts where appropriate;   

(d) Exposure to multiple stresses (biotic and abiotic) and over time that could reveal unexpected effects that are either delayed or stress dependent/specific.

CONDUCTING The risk assessment  
Transformation and propagation methods 
(see “Step 1”, “Point to consider (b)” in the Roadmap)
Rationale

To accelerate  multiplication approaches in trees clonal and vegetative propagation has been developed including tissue culture and micropropagation (Giri et al. 2004). Embryogenic tissues turned out to be the most promising in regenerating plantlets (Frankenhuyzen & Beardmore 2004). Somaclonal variation in propagative and clonal tissue culture is very common (Rani & Raina 2000) Consequently clonal fidelity is an important consideration in micropropagation of trees. Transformation protocols are mainly based on Agrobacterium tumefaciens and to a lesser extent on ballistic methods (Frankenhuyzen & Beardmore 2004, Harfouche et al.  2011). These, as well as transformation related tissue culture, are sources for the introduction of mutational variation. Back-crossing has been suggested to reduce the presence of transformation induced mutations, which is a greater challenge for trees than for annual crop plants (Flachowsky et al. 2009).

Points to consider

(a) Propagation method used;
(b) Transformation methods;
(c) Degree or number of back-crossing
.
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 an important role in such adaptive responses. In addition transgene instability including gene silencing  and the potential for variable expression levels during the long lifespan of trees should be considered. (Ahuja 2009; Harfouche etal. 2011). There is evidence that gene/environment interactions play an important role (Strauss et al. 2004) Consequently stability of transgenes are an important consideration, in particular where transgenic approaches are used 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 over time;
(d) Influence on and stability of phenotypic characteristics over time;
(e) Altered or unstable ability to respond to biotic and abiotic stresses.
(f) 
Changed interaction with other organisms, and changed or reduced ability to maintain role and function in ecosystems, consistent with a Party’s defined protection goals.
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 be dependent on the species in question and the individual case. Given the often low domestication level of   trees the possible dispersal of propagative material into similar and other nearby habitats may lead to the potential for persistance and spread. 

Points to consider

(a) Nearby landscapes e.g., forests which offer the potential for seeds and/or vegetative propagules to establish 

(b) Presence and proximity of species in the receiving environment with which the LM tree may hybridize;

(c) ;

(d) 
(e) Degree of management of these forests;

(f) 
(g) 
(h) Occurrence of protected areas nearby;
(i) Impacts on water tables and water sheds in or linked to the potential receiving environment; 

(j) Changes in landscape patterns (e.g. because of new plantations
);
(k) 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

Amomng different tree species there have developed a variety of ways to reproduce and distribute via seeds and/or vegatative propagules.  Propagules are often designed to spread far and wide, (e.g. by wind, water, or animals including insects) with large amounts of pollen and seed per individual (e.g. Williams 2010). Seeds inside fruits may travel as commodities around the globe and be released at the place of consumption such as road margins, railways or touristic areas, as well as local gardens
.
 
Points to consider

(a) Pollen dispersal:
(i) Pollen viability and pollination specifics;
(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) Vegetative dispersal (including via exported or imported wood/branches);
Exposure (see “Step 1”, “Points to consider (e)to (h)” 
in the Roadmap)
Rationale

Trees as as long-lived individuals may be engaged in complex organismic interactions, provide habitats and function as part of complex and elaborate food webs. Exposure assessment for LM trees should consider analysis over time and space taking also into account processing and trade routes. A number of tree species under exploration as transgenic bioenergy plantation trees are assessed to have the potential of becoming invasive (Gordon et al. 2011) possibly extending time and space of exposure. In addition the potential for vegetative propagation is a characteristic of certain forest and fruit trees under consideration opening the possibility of branches or root parts with living tissue to establish new plant individuals. Extended dispersal pathways especially with fruits incorporating seeds should be analysed because of trading as food and feed.

Points to consider

(a) Persistence (e.g. life span);
(b) Potential of the LM tree to become invasive;
(c) Interactions/Food webs:
(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.
(vii) With humans (e.g. via pollen inhalation or sawdust)


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

Manangement strategies for forest or plantation trees may 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 forest 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;

(d) Monitoring results of field trials.
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�A similar definition can be found 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 (Is this a direct quote?  To be grammatically correct this should say ‘definite’.) 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 OECD Working Group on Harmonization of Regulatory Oversight has published consensus documents on the biology of 13 species of trees to support an environmental risk assessment. These documents can be found at � HYPERLINK "http://www.oecd.org/document/15/0,3746,en_2649_34385_37336335_1_1_1_1,00.html" �http://www.oecd.org/document/15/0,3746,en_2649_34385_37336335_1_1_1_1,00.html�


� See also the relevant OECD biology documents on trees





�From the US a number of environmental risk assessements for both field trials and commercial release are available at:


� HYPERLINK "http://www.aphis.usda.gov/brs/biotech_ea_permits.html" �http://www.aphis.usda.gov/brs/biotech_ea_permits.html� (field trials)


� HYPERLINK "http://www.aphis.usda.gov/biotechnology/not_reg.html" �http://www.aphis.usda.gov/biotechnology/not_reg.html� (commercial releases)


and, 


� HYPERLINK "http://www.isb.vt.edu/search-release-data.aspx" �http://www.isb.vt.edu/search-release-data.aspx� (for field test permits more than three years old).





�Much of the text here can be deleted by simply referring the reader to the specific COP or MOP decisions.


�The FAO reference cited does not discuss genetic engineering.  Use a different citation here.


�Is there some confusion here with regard to harvesting and removal of trees?  Presumably if there is natural turnover then nutrients would be recycled and not depleted.


Regrdrless, it should be made more clear how this relates to performing a risk assessment.


�Given that many of the « specific charateristics » listed are not unique to trees, should this guidance in reality be directed at just perennial species irrespective of if they are woody or not?


�This link appears to be broken.


�It is import here not to imply that many of the listed characteristics are unique only to trees.  Long life span, vegetative propagation, long-distance pollen dispersal, high fecundity, seed dormancy, high viability, soil interactions and any associated bird/wildlife interactions, are characteristics that can be shared by a wide variety of perennial species, notably grasses, which are now being adapted through genetic modification.


It is also extremely important not to imply that all trees share all of these characteristics.  For example, many tree species do not propagate vegetatively.  Many, particularly those that are the focus of much of the current research (e.g. poplars) have relatively short lifespans (and where these are being actively managed for production would typically be harvested well before their full expected lifespan).


�Limes are not typically considered as an example of a forest tree.


�Is this meant to suggest that one should look at an individual tree as an ecosystem.  If so, this is a rather simple perspective and not of much value in informing a risk assessor (who may be  unlikely to be assessing a single tree).


�I am unclear on the meaning of this sentence.


�I do not understand the rationale for excluding these types of species.  Each of these share many of the characteristics listed above.  It is recognized that restoration of so called « heritage trees » intrinsically incorporates spread of the transgenes and identifying this as a specific area to address in risk assessment is important.  However, to exclude these from this document would undermine the basis for preparing this specific guidance.


�This is an important point (and not unique only to trees).  However, the text that follows is confusing.


With regards to Art 7. The key point is that for those species of trees (or other plants) that can propagate vegetatively, the risk assessor should address this with particular reference to the type of material being imported.


With respect to Art 17 the relevant language is « may lead, to an unintentional transboundary movement … likely to have significant adverse effects on the conservation and use of biological diversity »  …etc.   The risk assessor should take this in to account for the specific circumstances of the release, e.g. if close to a national border and/or commercial approval.


� I am concerned that this undermines the basic tenet of Annex III and the Roadmap.  The comparative approach is not limited to only « annual crops with high degree of domestication ».  In cases where a tree has a particular reproductive capacity and low degree of domestication, then the non-transgenic tree is an appropriate comparator.  In considering a risk assessment for an LM tree, the assessor should begin from the context of introducing the non-modified tree (with its particular reproductive characteristics and degree of domestication) and consider how the LM tree may differ from this base line scenario.


�It is not clear how this ties in to a risk assessment.  What would be the action or perspective that is driven by this point?  It may be that preferences for regional provenances is an example of a key protection goal of a given Party  If this is the intended point then state this more clearly and relate it back to the Roadmap.


�From a practical standpoint the large stature of trees (one of the few truly specific characteristics of trees) limits the potential for obtaining meaningful data from a greenhouse study.  Requiring greenhouse studies as a prerequisite for field trials (“Needed body of data from glasshouse experimentation as a … prerequisite to field trials”) could be a barrier to the development of the technology.  Notwithstanding the COP9 Decision 5(s) which states “Authorize the release of genetically modified trees only after completion of studies in containment, including in greenhouse and confined field trials”, there is ample evidence from the many field trials that have been conducted without any negative impacts to biodiversity to indicate that with appropriate management risks can be mitigated.  This also suggests that there is not any intrinsic risk unique to the use of this technology in trees.  Given that there is no discussion of required greenhouse trials in the Roadmap, or indeed in Annex III, even setting the impracticality aside it would be inappropriate to impose this restriction on LM trees.


�This is already addressed in the Roadmap  - see Step 1 Points to Consider  (e) and is not specific or unique to trees.  Rani and Raina (abstract) points to the fact that this phenomenon is also true for crop  plants and vegetables. 


Suggest delete most of this section and direct the reader to the relevant part of the Roadmap.


�A more important point here is that given that backcrossing may be difficult for trees (and other plants that may have delayed onset of sexual maturity) it is likely that in many cases the primary transgenic event will be used.  This may or may not have relevance to a risk assessment.


�Note that some species of trees are self-incompatible (or nearly so due to high genetic drag in selfing) while others are dioecious – different male and female trees – also making backcrossing impractical in some cases.  Certainly however, these traits are not unique to trees.


�But also consider that over the course of a corn or cotton product’s « lifespan » it will similarly be exposed to various environmental changes year to year or location to location.


Consider specifically what is different about trees that should be taken into consideration.


�There is no evidence to suggest that this is an issue.  In fact, through cross breeding it could be argued that annual crops are more subject to potential genetic rearrangements.


�However, these would apply to any LMO.  In what way would these be different for trees compared to crops grown over successive years and breeding cycles?


�Do you mean Step 2, points f and g?


�However, this is already addressed under the Roadmap – Step 2 paragraph (f).


�Roadmap Step 2 (g).


�Missing some text here?





Several of the points below seem redundant - particularly with respect to outcrossing – and suggest these be deleted.


�The underlying issue or concern here needs to be made clearer.


�Conversely, the loss of existing forest area if threats from exotic pests and diseases or climate change are not mitigated.


�The OECD consensus documents are an important resource and should be included in the main text rather than a footnote.  Also suggest citing these much earlier in the documents such as the background section.


�These points are all well taken, but again, most of these are not unique to trees.


�Do you mean  Step 2 (h) ?


�With the exception of « sawdust » all of these would be true of any LM plant. Even with respect to sawdust, this is probably comparable to the dust normally generated in bulk shipping and processing of grains.
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