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 particular characteristics of relevance to perennial long-living trees. 

Background

Forest biodiversity is a core area of work in the Convention on Biological Diversity (CBD). During its eighth and ninth meetings,  the Conference of the Parties to the CBD recognized “the uncertainties related to the potential environmental and socio-economic impacts, including long-term and transboundary impacts, of genetically modified trees on global forest biological diversity”, recommended “Parties to take a precautionary approach when addressing the issue of genetically modified trees” and urged Parties to undertake a number of actions with regard to LM trees, such as “to develop risk-assessment criteria specifically for genetically modified trees”. 

Given the above decisions and the mandate by the COP-MOP to develop “further guidance on new specific topics of risk assessment, selected on the basis of the priorities and needs by the Parties and taking into account the topics identified in the previous intersessional period”, 
and on the basis of the priority-setting exercise conducted in the Open-ended Online Expert Forum on Risk Assessment and Risk Management, the AHTEG agreed to develop additional guidance for the environmental risk assessment of LM trees.

Introduction

Trees as a group represent a vast diversity in distribution, organismic networks, species and genotypes and 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, and the pulp and paper industry: wood is widely used in energy production, including fire wood for both heating and cooking needs; 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. 

Fruit, ornamental, and forest tree species of economic interest grow in various regions of the world from temperate to tropical climates. Thirty one percent of the total global land area or more than 4 billion ha are covered by forests with 1,2 billion of these used for production of wood and non wood products. An additional 949 million ha are dedicated to multiple uses including soil and water conservation. Managed forests including commercial plantations are increasing and now comprise around 7% of the total forested area (FAO 2010). Both fruit and forest trees, especially those suited for plantations, are the focus of advanced breeding strategies including genetic engineering through modern biotechnology.

 The definition of a tree

According to the Food and Agriculture Organisation of the United Nations (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”. Further according to the FAO, bamboos, palms and other woody plants are included into the definition of a tree if they meet the definition above.
 Tree species belong to many different taxonomic orders and families of angiosperms (flowering plants; e.g. mahogany, poplar, apple) and gymnosperms (“naked seed” plants; e.g. pine, spruce, cedar). 
Characteristics of trees 



  Trees differ from annual crop plants by characteristics such as physical size, perennial growth habit with a long lifespan, and delayed onset of reproductive maturity. Natural vegetative propagation is also a characteristic of some (but not all) tree species but is not unique to trees: consider for example that potatoes, some grasses and other species are similarly vegetatively propagated.  As an extension, human facilitated vegetative propagation in the form of cuttings, and particularly for some fruit trees (but also including grapes), grafting of a desirable selected genotype onto rootstock of a different genotype is also possible in some tree species.

a) Physical size:
Due to the large physical size of trees it may be possible to obtain only limited data from glasshouse experiments. Not only can glasshouses be limiting with respect to the height of the tree, but the area or footprint required for each individual tree can quickly fill the available space thus limiting the practicality of replicated samples. This is further exacerbated when considering efforts to obtain data over a number of growing seasons to address the perennial growth nature of trees.
b) Perennial growth and lifespan:

For tree species, lifespan can range from several decades to several hundred years or longer (Matyssek et al. 2010
).  However, most research with LM trees to date is with relatively shorter lifespan species and in commercial operations trees are typically harvested or replaced well before their expected lifespan. Over the life of a tree it may be subject to a variety of changing biotic and abiotic stresses and this is a factor that must also be considered in traditional tree improvement programs. Because of the challenges of the long lifespan of trees, a key focus of tree improvement programs has been on developing methods to predict traits in harvest-age trees using data from young trees,
 often with very high correlations in traits between young and older trees.

As perennial species all trees are involved in broad interactions with other organisms from decomposers to birds and wildlife. Forest tree plantations in particular are usually less intensively managed and therefore relatively undisturbed for extended periods compared to annual crops or even fruit orchards. Note however, that perennial growth is not a unique characteristic of trees and these same considerations could apply to LMOs of other species (for example bananas, grapes, and grasses).

c) Reproductive maturity and breeding systems:

Many tree species undergo a distinct juvenile phase which may last for several years before the onset of reproductive maturity. In ornamental flowering trees and fruit trees the earliest possible onset of maturity (flowering and/or fruit production) is desirable. In forest trees late onset of flowering is not a concern or is even desired in operational settings as more of the tree’s resources may be directed to the harvestable portion (stems). This can allow for field testing over several years without any potential for spread via pollen or seed.  

The late onset of reproductive maturity in trees leads to prolonged breeding cycles relative to annual crops. As a result, even the most commercially developed tree species have gone through only a limited number of breeding cycles and are therefore considered relatively undomesticated compared to annual crops. Backcrossing may also not be practical in trees due to the long breeding cycle. Additionally, some species of trees (as well as some non-tree species) are dioecious, with plants that are either male or female, so that backcrossing or selfing (common approaches for many annual crops) are impractical or even impossible. These limitations on breeding have instead lead to greater interest in vegetative propagation in trees.

d) Vegetative propagation and varietal production:

Some genera of trees (for example Populus) are capable of natural reproduction from vegetative material such as broken branches or through root suckering (development of aerial shoots from roots), or can regenerate directly from the cut stump after harvest (coppicing) (OECD Populus Biology Document 2001
). Note however that this is not a characteristic shared by all tree species, nor is it unique just to trees (consider for example that potatoes and some turf grasses are vegetatively propagated).  In many cases human intervention is required for successful vegetative propagation.  

i. Rooted cuttings. In some tree species mass propagation of selected genotypes is accomplished through the preparation of rooted cuttings from stocks maintained as hedges or in tissue culture.

ii. Grafting.  Notably in fruit trees a selected variety with desirable traits can be propagated by grafting material, the scion, on to rootstocks of a different genotype. In such cases the scion, the rootstock, or both may be transgenic.  

iii. Somatic embryogenesis.  In several conifer and other species methods have been developed to mass produce select genotypes in tissue culture through somatic embryogenesis.

A notable feature of these methods of vegetative propagation has been the development of specific established varieties (or ‘clones’), genotypes that express certain combinations of desirable traits and which may be protected under Plant Variety Protection regulations. Breeding or crossing with these varieties could result in segregation of the desired traits so that there is strong emphasis on directly transforming a specific variety rather than crossing in a transgene from a different variety through breeding. In this way, the primary transgenic event is likely to be commercialized rather than offspring from that event as is common for most annual crops.  (Note that this would also apply to other vegetatively propagated non-tree species such as potatoes, cassava and grapes for example).

Overview of the current status of genetic modification of trees through modern biotechnology

Currently about 30 to 40 different tree species have been modified through modern biotechnology, mainly through the insertion of transgenes, and have been introduced into the environment for field trials (FAO 2004, Verwer et al. 2010). The majority of these LM trees are commonly planted, commercial species, which were modified in an attempt to improve traits related to herbicide tolerance, wood composition (e.g. lignin), growth rates and phenology (including flowering and fruiting), resistance to pests and diseases, or abiotic stress tolerance. By far, poplars make up most of the LM trees that were developed and subjected to field trials to date, (Canada Norway Workshop 2007), followed by eucalyptus and pine. LM apples and papaya make up most of the fruit trees approved for field trials (Gessler&Patocchi, 2007; Hanke & Flachowski 2010). Poplars are the only transgenic forest trees planted on a commercial scale (in China, Ewald et al. 2006). Two different types of fruit trees, papaya and plum, have been approved for commercialization (in the United States
). The recent IUFRO Tree Biotechnology 2011 Conference provides a good perspective on the state of the art research on LM trees with the full conference proceedings available on-line.

The OECD Working Group on Harmonization of Regulatory Oversight has published consensus documents on the biology of most tree species of economic interest that have been modified through modern biotechnology.
 

scope of this Guidance

This guidance focuses on perennial woody trees as defined by FAO (2005). In addition to forest, plantation and fruit trees, this guidance will thus include bamboos, palms and other woody plants if they meet the definition of a tree (see above). Although not the focus of this guidance, where some of the characteristics of trees are shared by other plant species, such as perennial growth or vegetative propagation, this guidance may provide some insights useful for evaluation of LMOs of those species. 
Examples of risk assessments
 in LM trees or other woody perennials including for field trials and commercial releases are available on-line from a number of sources and provide examples of points considered by other risk assessors.  Detailed risk assessments are available from Australia, New Zealand and the USA
 while summary information is available for field releases in the EU
 and Canada provides crop-specific terms and conditions for poplars
.  Other countries have approved field trials or commercial releases, including Brazil, China and Japan, but only limited information is available.
Overarching issues in the risk assessment process (see “Overarching issues in the risk assessment process” in the Roadmap) 
Transboundary movements of LM trees and the Cartagena Protocol

According to the Protocol, risks associated with LMOs or products thereof
  should be considered in the context of the risks posed by the non-modified recipients or parental organisms in the likely potential receiving environment. Therefore, in the case of LM trees, when characterizing the likely potential receiving environment, risk assessors should take into account not only the movement of seeds for intentional introduction into the environment, but also of vegetative propagules since, for many tree species that is the preferred way of propagating them. Issues related to unintentional transboundary movements (article 17) should also be taken into account in cases where LM trees could cross national boundaries through, for example, pollen or seed dispersal by physical and biological vectors, including the international trade of fruits with seeds.   

Planning Phase of a Risk Assessment of transgenic trees

The Comparative approach - aspects of implementation (see “Planning Phase of the Risk Assessment”, “The choice of comparators” in the Roadmap)
Rationale 
As for risk assessments of any other type of LMO, a comprehensive planning phase is needed in order to define, among other things, how a comparative approach can be carried out in the risk assessment of an LM tree. As the particular characteristics of the LM tree (including lifespan, reproductive characteristics and degree of domestication) are likely to differ from those that may be familiar to risk assessors who have previously evaluated annual crops, these characteristics should be specifically addressed in the comparative approach. This should include, where appropriate, consideration of possible changes in the receiving environment, interactions with other organisms, and biotic and abiotic stresses the tree may be exposed to over time.


The use of regional provenances may be of special importance where this provides higher plant vigour, better adaptive capabilities and consequently better performance (Hubert and Cundall 2006)
 and should be taken into account as appropriate when considering a comparator. These regional provenances and their management may also reflect important national protection goals and forest management practices.  

The long lifespan of trees and where the particular species has high potential for dispersal and establishment beyond the intended receiving environment (e.g. into natural ecosystems), should be taken into account when considering any limitations in the predictive power of the comparative environmental risk assessment.

Points to consider

(a) Possible limited availability of data from glasshouse experimentation due to restrictions based on large physical size; 

(b) Availability of information and understanding of the biology of the species and/or genotype (including regional provenances or ecotypes as appropriate) to be used as a comparator;  

(c) Design of field trials in relation to established methodologies for the non-modified trees, including for example the length/age of trials, testing in different environments and  exposure to multiple biotic and abiotic stresses.

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

For annual crops cross-breeding (including back-crossing) of LMOs to non-modified organisms has been suggested as a way to reduce the presence of  any parts of the transformation vector and marker genes
 and ensures the stability of the modified genetic elements over successive generations. Crossing may not be a viable option for many species of LM trees which have a long juvenile period, and also where it is desirable to maintain the genetic identity of an established variety. Consequently the multiplication of trees is likely to be done through clonal and vegetative propagation, which does not allow for simple removal of vector fragments or marker genes.  On the other hand, verification of stability through successive crosses may not be meaningful for risk assessment of vegetatively propagated species.
Points to consider

(a) Propagation method(s) used – cross-breeding (including degree of back-crossing if possible in that species) and/or vegetative propagation;

(b) Transformation methods with respect to possible presence of vector fragments or marker genes that would not be eliminated through crossbreeding for vegetatively propagated species;

(c) 
(d) 
Long life spans and genetic and phenotypic characterisation and stability (see “Step 1”, “Point to consider (d) and (e)” in the Roadmap)
Rationale

Trees are exposed to many different abiotic and biotic conditions during their often long lives and may also undergo distinct juvenile and mature growth phases.  Thus, the phenotypic characterization of an LM tree may yield different results depending on the developmental stage and environmental conditions at the time of the characterization.

In addition transgene instability including those causing gene silencing and 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 for expression level of the transgenes (Strauss et al. 2004). Consequently, stability of transgenes and expression levels are an important consideration, in particular where transgenic approaches are used for containment strategies (e.g. male sterility or ablation of floral organs).

Points to consider

(a) Phenotypic changes over time in response to different stressors and different developmental stages;
(b) 
(c) Potential for variability of transgene expression levels, including gene silencing over time;

(d) 
(e) 
(f) Changed interaction with other organisms, and changed ability to maintain role and function in ecosystems, consistent with a Party’s defined protection goals.

Dispersal mechanisms (see “Step 1”, “Step 2”, “Point to consider (e) and (f)” in the Roadmap)
Rationale

Different tree species have developed a variety of ways to reproduce and disseminate via seeds, pollen and/or vegetative propagules. Trees often produce large amounts of pollen and seed per individual and propagules are often designed to spread over long distances (e.g. by wind, water, or animals including insects) (e.g. Williams 2010). IThe potential for vegetative propagation in certain trees raises consideration of the possibility of establishing new individuals from branches or root parts. 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 in farmers’ fields and local gardens
. 
Points to consider

(a) Available information on the mechanisms of pollen and seed dispersal for the non-LMO tree species;

(b) Potential for and mechanisms of vegetative propagation in the non-LMO species:

(c) 
(d) 
(e) 
(f) 

(e) 
(f) 
(g) 

(h) 
(i) Potential for novel dispersal mechanisms from anthropogenic activities (e.g. trade and consumption of fruits).
The likely potential receiving environment(s) (see “Step 1”, “Points to consider (f) and (g)”,” Step 2”,”Points to consider (b), (d) (f) and (g) and )”,” Step 3”,”Points to consider (a) and (e) in the Roadmap)
Rationale

The identification and characterisation of likely potential receiving environment(s) will be highly dependent on the species in question and its mechanisms for dispersal. Given that the domestication level of trees may be low whereby they could survive without human intervention, the dispersal of propagative material (e.g. seeds, branches) may lead to persistence and spread of the LM tree in question. Therefore, the potential for dispersal of propagative material into environments other than the intended receiving environment is an important consideration during the risk assessment. 
With trees (especially forest trees) the intensity of management in the receiving environment is likely to be much less than for annual plants.  Thus the area planted to the (LMO or non-LMO) trees would likely be less frequently disturbed and with fewer applications of fertilizers and/or pesticides compared to annual crops.
Points to consider

(a) Potential for seeds and/or vegetative propagules to establish in unmanaged environments, including protected areas, relative to the non-LMO comparator; 

(b) Degree and intensity of of management of the trees;

(c) 
(d) 
(e) 
(f) Changes in landscape patterns (e.g. changing from agriculture to forestry);

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

Exposure of the ecosystem to LM trees (see “Step 2”, “Points to consider (e) to (h)” n the Roadmap)
Rationale

As noted above, whereas trees may be relatively undisturbed for much of their life cycle they may be engaged in a variety of ecological interactions, such as providing habitat for other organisms and functioning as part of complex and elaborate food webs. In determining the likelihood of an adverse effect to occur, an assessment of the exposure to the LM tree should take into account the expected duration of the trees’ presence in the receiving environment together with the intended use (e.g. processing, trade routes) as well as dispersal mechanisms (see above). A number of species (including some trees) under exploration as bioenergy crops have the potential of becoming invasive (Gordon et al. 2011) which could greatly increase the potential for exposure.  Genetic modification has been proposed as a strategy to mitigate the potential invasiveness of new bioenergy crops (Kausch et al, 2010)
Points to consider

(a) Duration of the presence of the LMO tree in the receiving environment:
(b) Persistence in the environment including potential for the non-LMO species to be invasive and any impacts on that (positive or negative) from the engineered trait: 
(c) 
(d) Interactions with other organisms including food webs.
(i) 
(ii) 
(iii) 
(iv) 
(v) 
(vi) 
(vii) .

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

Risk management strategies designed for LM trees will vary depending on whether the LM tree under consideration is a forest/plantation tree or a fruit tree. Risk management of potential dispersal for forest or plantation trees may utilize strategies for delaying or avoiding flowering (e.g. fast-growing trees for pulp or biomass/bioenergy production being cut before reaching the reproductive phase) and bioconfinement (e.g. induction of male sterility or flower ablation). Complete flower ablation would not be acceptable for risk management of dispersal in LM fruit trees and early flowering is crucial for the fruit industry.  However, male sterility may be appropriate in some species (e.g. apples) where pollen from a different variety (which could be non-LMO) is usually required. Where applications involve genetic modification of only the rootstock in grafted trees, dispersal may be managed by ensuring that the rootstocks do not produce shoots or flowers.
Points to consider

(a) Type and intended use of  the LM tree; 

(b) Degree and type of management (e.g. grafting of fruit trees, rotation period of forest trees);

(c) 
(d) Specific effects and risks of any bioconfinement strategy achieved through the use of modern biotechnology.
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� See COP decisions VIII/19 paragraphs 2 and 3 (� HYPERLINK "http://www.cbd.int/decision/cop/?id=11033" �http://www.cbd.int/decision/cop/?id=11033�) and IX/5 paragraphs 1(s)-(z) (� HYPERLINK "http://www.cbd.int/decision/cop/?id=11648" ��http://www.cbd.int/decision/cop/?id=11648�) “Recognizing the uncertainties related to the potential environmental and socio-economic impacts, including long-term and transboundary impacts, of genetically modified trees on global forest biological diversity, as well as on the livelihoods of indigenous and local communities, and given the absence of reliable data and of capacity in some countries to undertake risk assessments and to evaluate those potential impacts, [...] Recommends Parties to take a precautionary approach when addressing the issue of genetically modified trees;”


� � HYPERLINK "http://www.fao.forestry/site/24690/en " ��http://www.fao.forestry/site/24690/en� 


� Work in this area has been ongoing since the 1980’s.  See for example: Lambeth (1980), McKeand (1988) and Borralho et al (1992).


� �HYPERLINK "http://www.oecd.org/dataoecd/16/57/46815678.pdf"�http://www.oecd.org/dataoecd/16/57/46815678.pdf�


� See � HYPERLINK "http://www.isb.vt.edu/search-petition-data.aspx" ��http://www.isb.vt.edu/search-petition-data.aspx�.


� IUFRO Tree Biotechology 2011 - � HYPERLINK "http://www.treebiotech2011.com/" �http://www.treebiotech2011.com/�.  Full proceedings available at � HYPERLINK "http://www.biomedcentral.com/1753-6561/5?issue=S7" �http://www.biomedcentral.com/1753-6561/5?issue=S7�


� Up to now  for 13 tree species consensus documents on their biology have been developed 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�


�  Australia: � HYPERLINK "http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/ir-1" �http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/ir-1� (papaya, plus sugarcane, rose and banana).  New Zealand: � HYPERLINK "http://www.epa.govt.nz/new-organisms/Pages/default.aspx" �http://www.epa.govt.nz/new-organisms/Pages/default.aspx� (Radiata pine).  USA:  Commercial releases - � HYPERLINK "http://www.aphis.usda.gov/biotechnology/not_reg.html" �http://www.aphis.usda.gov/biotechnology/not_reg.html� (papaya (2), plum); field trials - � HYPERLINK "http://www.isb.vt.edu/search-release-data.aspx" �http://www.isb.vt.edu/search-release-data.aspx� (Eucalyptus, poplar, apple, sugarcane, sweetgum, cranberry, poplar/white spruce, plum, papaya, Amelanchier laevis, walnut).


� � HYPERLINK "http://gmoinfo.jrc.ec.europa.eu/gmp_browse.aspx" �http://gmoinfo.jrc.ec.europa.eu/gmp_browse.aspx�


� � HYPERLINK "http://www.inspection.gc.ca/english/plaveg/bio/dt/term/2010/2010e.shtml" �http://www.inspection.gc.ca/english/plaveg/bio/dt/term/2010/2010e.shtml�


� “Namely, processed materials that are of living modified organism origin, containing detectable novel combinations of replicable genetic material obtained through the use of modern biotechnology”.


� 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……”� . �





� See Roadmap lines 319-320 (Sept 15 2011 version)


� 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�





�Provide citation for this quote.


�This sentence relates to the receiving environment.  Delete here and add to later section on receiving environment.  However, there seems to me a disconnect as” high production of biomass” seems unlikely with nutrient poor soils.  Do you mean that much of the available nutrients are tied up in the existing biomass? 


�To facilitate a review of the characteristics common to most trees I suggest a reorganization of this section.  See suggested text below.


�It would be good to have a more accessible reference for global readers.  The Matyssek et al reference appears to be a German language textbook to which there may be limited accessibility.


�Deleted.  These are aspects that must be considered for all LMO plants under the Roadmap.


�Mycorrhizae are not specific to trees See: Wang, B.; Qiu, Y.L. (2006). Phylogenetic distribution and evolution of mycorrhizas in land plants.    Mycorrhiza 16 (5): 299–363.


�Consider Strauss’ comment that an interspecific hybrid is a high level of domestication .


�See comment above on availability of citations.


�Addition of sources for examples of risk assessments available on-line.


�This new text introduces elements that are not specific or unique to trees and should instead be addressed in the Roadmap as appropriate.


�Please note comments on the previous draft that these are not specific or unique to trees


�I was not able to access the Roloff citation to gain better understanding of “travelling” units.  Nor was I able to identify other references to this through internet searches.





Seed dormancy is already addressed in the Roadmap.


�Most of these are already covered in the Roadmap.  I have reduced the number to a few key considerations.


�As commented on the previous draft, many of these are already addressed in the Roadmap.


�These are applicable to all LMO plants and should be addressed as part of the Roadmap.
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