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Summary of proposed changes
We have submitted a number of detailed revisions on the following/attached pages. We are all forest scientists and biotechnologists with direct experience in conducting laboratory and field research with GM trees.  We therefore understand the importance of field research and also how excessive regulatory requirements can make essential research difficult and in many cases impossible.  It is in the spirit of trying to balance the risk that regulations are so strong that they effectively remove the possibility of research and ultimate benefit with GM trees, with the need for reasonable precaution and of course for compliance with required Conventional on Biological Safety processes and national laws, that we submit these comments.  

We make the following general recommendations for framing risk assessments; all relate to issues raised within this document.  

1. Do not establish stringent blanket regulations for risk assessments for all GM trees.  Some have modifications that are well within those routine in conventional breeding, for example those induced by gene suppression or directed mutagenesis, while others are more novel as they might encode novel and ecologically active proteins.  In depth studies should only be for truly novel kinds of traits that go well beyond those possible with conventional breeding for those genera.  

2. Consider the benefits as well as the risks.  Projects that seeks to address a serious economic and ecological problem, such as by producing disease or climate-stress resistant trees, should receive lesser stringency in risk assessment due to the urgent problems they seek to address.  

3. The focus should be on the phenotype and its effect, not on detailed studies of mutagenesis or gene expression, as there can be extensive genetic change associated with conventional breeding methods, such as species hybridization.  

4. Many studies have shown that beyond the first year or two of study, transgenic traits are highly stable.  Long term studies are generally not recommended or needed.  

5. All studies must be comparative and phenotype based.  Detailed studies of ecological processes such as of mycorrhizal associations and microbial populations, are not needed when normal plant growth and stand structure can be observed via normal breeding-silviculture types of field trials.  
6. Absolute genetic containment is essentially never obtained in conventional breeding, and will rarely be needed with GM trees grown in large research trials or commercially, unless they have been show to have radical ecological impacts.  Provisions for confinement (quantitative not qualitative isolation) during research and commercial use have been developed and used for conventional breeding and can also be applied to GM trees.  

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. 

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”. 
  The need for precaution results from limited knowledge and experience with broad use LM Trees in the environment, which can only be obtained by field studies. Thus regulations must achieve a balance between care in acceptance of wide use of LM trees prior to sufficient study, while also not greatly restricting the ability to conduct field studies
, especially by public sector researchers as they are essential to generate scientifically validated knowledge of value, safety, and social impacts.  
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

Many trees and some types of forests have high species and genetic diversity, wide distributions, complex ecological interactions, 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, the pulp and paper industry, and energy production (incl. fire wood). Sequestration of atmospheric carbon is an important function in mitigating climate change, and they perform air filtration, water and soil conservation as well as have a role in local climate (micro climate), cloud formation and rain fall patterns (due to tree/forest transpiration) as well as other important ecosystem functions and services. In addition forests are of high value for recreation and tourism and have cultural and spiritual significance. 

Thirty one percent 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. Managed forests including commercial plantations are increasing and now comprise around 7% of the total forested area (FAO 2010). Accordingly, forest trees, especially those suited for plantations, are a main focus of advanced breeding strategies, which in some cases include genetic engineering through modern biotechnology. Of the many tens of thousands of species of wild forest trees, only a few species are of sufficient economic importance to plantation forestry to be targets for genetic engineering; the large majority of effort is focused on three genera—Populus, Eucalyptus, and Pinus—and on only a few species within them (Viswanath et al. 2011).
  Thus, considering the high species diversity of wild forests, the genetic impact on wild trees is expected to be very limited in impact. 

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 can be distinguished from annual crop plants by their long lifespan and delayed onset of reproduction. However, these characteristics are also shared with a number of non-trees such as perennial grasses and shrubs, which can also live for many years and may delay reproduction for one or several years.  Some forest tree species can live for several hundred years (e.g lime and oak trees) and only a very few can live up to approximately four thousand years (bristlecone pine; Matyssek et al. 2010). The vegetative phase of a tree, where only vegetative propagation is possible, may extend from one or a few years to several decades. Due to their large size, trees often have high fecundity, though often do not reproduce every year (reproduction capacity).  Trees from highly seasonal climates often show seed dormancy, and many trees, as well as many annual and perennial herbaceous species, can spread by vegetative reproduction.  With the exception of effectively sterile crops such as banana, all cultivated plant species, including trees, can establish in both cultivated and wild environments either via pollination of wild relatives or production of seed (Ellstrand 2003).
 

Forest trees are valued both for their large biomass production for industrial purposes as well as for their contribution to ecological services and landscape architecture. Like other perennial species such as prarie grasses, root systems are extensive and are ecologically associated mycorrhiza (symbiotic associations with fungi) and many other microorganisms. In addition wild plant species, including but by no means limited to forest trees, are involved in broad interactions with further organisms from decomposers to birds and wildlife. 

Although the scientific breeding and cultivation of forest trees is recent, having been in wide practice as part of plantation forestry for only several decades (Campbell et al. 2003), tree domestication and breeding were practiced less formally, but on a large scale, for millennia (Burdon and Libby 2006, 
  Stettler 2009
). Some of the earliest domesticatinos were of trees, including olives, bananas, and poplars.  The forest conifer Sugi (Cryptomeria) was cloned by the Japanese for forestry uses more than one-thousand years ago (Burdon and Libby 2006, ibid).  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). Cloning of trees through vegetative reproduction enables is a form of “instant domestication,” in that unique genotypes, hybrids, or mutants can be immediately grown on a large scale even if they have low sexual fertility (White et al. 2007).
  This is widely done in horticulture, but has also been done for some widely grown forest plantation species such as with Populus and Eucalyptus species hybrids.  Thus, while for most forest tree species the level of domestication is low compared to fruit and ornamental trees, for others it is comparable or even more advanced.  
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). However, as noted above only very few of these are the objects of commercially-relevant research and development.  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, flowering, resistance to pests and diseases, or abiotic stress tolerance. By far, poplars make up most of the LM trees have been developed and subjected to field trials (Canada Norway Workshop 2007), followed by eucalyptus and pine. LM apples, citrus, 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), though to date only a very small area (hundreds of hectares) has been developed there. Two different types of fruit trees, virus-resistant papaya and plum, have been approved for commercialization (in the United States
). LM papaya has been used for more than a decade in the USA, where it makes up approximately 90% of trees grown in Hawaii, the main producing region.  There have been no reports of significant instability of its virus-resistance trait.  
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 plants 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).

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 selcted tree species such as some poplars and eucalypts 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 can 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 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.  Considering the risks of LM trees in relation to risks and impacts of conventional breeding and silviculture is essential to provide context and significance.  
Trees, as long-living species present special challenges for an assessment based on a comparative approach developed for annual crops, some of which have a high degree of domestication. This is mainly because it is generally not possible to study more than a single generation during research projects.  For both annuals and perennial plants the characteristics of the receiving environment must be considered as it often changes over time, including interactions with other organisms as well as biotic and abiotic conditions. Annuals, which must germinate and restablish each year, are likely to be more sensitive to such variations than perennial plants, including trees.  Indeed, to survive for many years trees must be robust to a wide range of environmental factors.  
In all forms of forestry the use of well adapted provenances, those which have evolved or bred within the region where they will be grown commercially, is of great importance because they may show better adaptive capabilities and consequently better performance than unselected exotic tree species (Hubert & Cundall 2006).
 These regional provenances and their management—whether part of the local flora or an introduced but bred and adapted forest type—provide logical comparators for LM trees, congruent with national protection goals and good forest management practises.  

The long lifespan of wild trees and the potential for dispersal and establishment beyond the intended receiving environment (e.g. into cultivated or natural ecosystems), should be taken into account when considering any limitations in the predictive power of a comparative environmental risk assessment. However, it is also important to consider that in most cases a similar or greater potential for spread and ecological impacts exist—with a complex array of benefits and risks—from similar types of genetically unmodified trees.  Such consideration would be a normal part of a comparative risk assessment, as discussed above.   
Points to consider

(a) Availability of data from glasshouse experimentation; however, these are generally of limited value for making predictions of ecological effect or benefit (Strauss et al. 2009, ibid)
(b) Availability of regional provenances, or bred and adapted exotic species and genotypes, that could be used as non-modified comparators in the likely potential receiving environment;  

(c) Design of field trials and whether these would be conducted for a period that is long enough to reveal the differences in the LM trees as compared to the non-modified trees (e.g. after exposure to multiple biotic and abiotic stresses).  These should logically follow the periods of time and practices of conventional breeding programs for the unmodified species, which must also judge adaptability.  Even for species grown for one to several decades, breeding decisions often are made after one or a few years (White et al. 2007, ibid).  
CONDUCTING The risk assessment  
Transformation and propagation methods (see “Step 1”, “Point to consider (b)” in the Roadmap)
Rationale

The first step in all risk assessments are the identification and evaluation of potential risks.  This would logically include consideration of what risks are significant and novel compared to non-LM comparators, and to thus what degree should they need to be characterized.  This is the phase where important risks are segregated from trivial risks so resources can be focused on important hazards and their degree of expression and impact.  For example, genes in LM trees that result in modifications of sequence or expression of native genes produce more familiar kinds of traits, thus deserve much less scrutiny than genes that encode novel proteins or other products.  
In annual plant species, back-crossing of LMOs to non-modified organisms is commonly used to reduce the presence of mutations resulting from the transformation methods and ensure that only stable modified genotypes are further developed. In fact, sexual propagation helps to stimulate and reveal instabilities and mutations (Vaucheret et al. 1998).
  While back-crossing is routinely done for annual LM crops, it is not a viable option for most species of LM trees which have a long vegetative period prior to flowering. Multiplication of trees is mostly done through clonal and vegetative propagation.  However, analogously biotechnologists study tens to hundreds of gene insertions and select only those that are healthy and stable for possible commercial use after years of analysis.  Thus, while new mutations may be introduced as a result of the genetic engineering methods, only silent (i.e., recessive) mutations—much like those that are naturally abundant in trees (White et al. 2007, ibid.)—are expected in commercial LM plantations.  It will thus rarely be of interest to characterize these phenotypically silent mutations when phenotypes suggest trees are viable and express the new desired traits.  
Points to consider

(a) Propagation method(s) used;

(b) Transformation methods;

(c) Characterization of phenotypes 
that result from modification-induced mutations that could have a potential adverse affect;  

(d) 

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

All plants adapt to the many different abiotic and biotic conditions they encounter during their often long lives. The phenotypic plasticity of plants can be evidenced by changes at the transcriptome level in response to various common stresses encountered throughout its life. The adaptive changes also involve epigenetic changes [to be added to “Use of terms”], which are poorly understood but can be manifest and spread both asexually and sexually (Schmitz et al. 2011)
. Thus, phenotypic characterization during risk assessment should consider the developmental stage and environmental conditions at the time of the characterization for all plant and tree species.  As indicated earlier, breeding programs can often make useful early evaluations as these tend to be correlated with final growth and performance.  
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). However, the level of molecular and phenotypic instability has been shown to be quite low in a number of multi-year studies, thus detailed molecular studies of instability beyond one to two years are not likely to be warranted in most cases (reviewed in Walter et al. 2010; Brunner et al. 2007; see also four publications by Li et al. 2008, and Li et al. 2009).
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).  However, to date very high levels of containment (and in some cases complete containment), due to pollen ablation (non-formation) from male-sterility genes, have been reported in multi-year studies in Populus, Pinus, and Eucalyptus (Strauss et al. 2011).
  Thus high level of genetic containment appear to be feasible when these are needed.  
Points to consider

(a) Genetic rearrangements or other changes, where these are known to be of ecological or phenotypic consequence, and clearly exceed those seen in the wild and breeding programs.  It is well known that natural structural variation in genomes can be extensive, such as in maize (Schnable et al. 2010),
 and that interspecies hybrids as are common in Eucalyptus and Populus can amplify structural variation due to divergent chromosomal elements and consequent mispairing and abnormal recombination and segregation (Chambers et al. 1996).
  It is therefore expected that structural changes will be modest compared to that induced by conventional breeding or present in wild populations, and stability of any induced changes is expected, as discussed above.  Moreover, structural variation that does not have overt phenotypic effects is likely to be of little ecological consequence.  Thus in depth study will rarely be justified.   
(b) 
(c) 
(d) 
(e) 
(f) 

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 far and wide (e.g. by wind, water, or animals including insects) (e.g. Williams 2010). In addition, a number of trees, as well as many species of annual and perennial plants, have developed sophisticated seed “travelling” units and seeds that are capable of remaining dormant for a very long period of time (Roloff 2004).  In addition the potential for vegetative propagation is a characteristic of many plants, including some forest trees such as Populus,  opening the possibility of branches or root parts with living tissue to establish new plant individuals. 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
. 
For many genes and traits, little ecological risk from dispersal is expected because of their negative or neutral effect on fitness (Strauss 2003).
  For others, the increased fitness that might obtain, for example from genes that improve pest or abiotic stress resistance, may be ecologically beneficial, especially considering growing stresses on forests such as from climate change (Strauss et al. 2010, ibid.). Thus, apart from early stage field research complete containment is not essential in field trials or commercial applications. Nonetheless, where dispersal and possible entry into other countries are considered, there are several dispersal factors of importance.  
Points to consider regarding dispersal of pollen

(a) Pollen viability and pollination specifics;

(b) Possible spatial pollen distribution, e.g. animal and physical vectors;

(c) Timing of pollen production vs. receptivity of female flowers 

(d) Mechanism developed in some species to ensure selfing.

Points to consider regarding dispersal of seed
(e) Seed dormancy and viability; 

(f) Abiotic distribution (wind, water, floods etc.);

(g) Biotic distribution via animals including humans e.g., seed dispersal via commodity fruits, long range migratory birds, combinations of vectors such as birds and shipping;

Points to consider regarding dispersal of vegetative propagules
(h) Presence of water ways at the receiving environment;

(i) Possibility for dispersal of branches by animals (e.g. nesting birds) or antropogenic activities (e.g. fire wood).

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

As seen in the previous point, 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 some types of GM trees is low but others is high (‘instant domestication’, as discussed above), and trees can often 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 risk assessment. 

Points to consider

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

(b) Degree of management of these forests;

(c) Presence and proximity of species including in orchards and gardens in the receiving environment with which the LM tree may hybridize;

(d) Occurrence of protected areas nearby;

(e) Impacts on water tables and water sheds in or linked to the potential receiving environment compared to that of non-LM comparators; 

(f) Changes in landscape patterns (e.g. because of new plantations due to LM trait);

(g) Ecosystem function and services of potential receiving environment due to the new LM trait. 

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

Trees and many other plant species engage in complex ecological interactions, such as providing habitat for a number of organisms and functioning as part of complex food webs. In determining the likelihood of an adverse effect to occur, an assessment of the exposure of the ecosystem to the LM tree is done over time or via simulation with respect to the likely potential receiving environment(s), taking also into account the intended use (e.g. processing, trade routes) as well as dispersal mechanisms (see above). For instance, 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), whether they are transgenic or not.  
Points to consider
In general, the most accurate and meaningful way to assess the potential for spread and ecological impacts is to observe growth, spread and general ecological properties through field trials.  Only where these indicate that the LM trait provides a large increase in potential fitness or affects ecological properties adversely (e.g., strong allelopathy), would detailed ecological studies such as those listed below be indicated.  
(a) Persistence in the environment (e.g. life span, seed dormancy);

(b) Potential of the LM trait to cause the tree to become more invasive than its unmodified form;

(c) Interactions/food webs with:

(i) symbiotic microorganisms/mycorrhiza;
(ii) soil organisms including decomposers and pest organism;

(iii) pest organisms (e.g. viruses, bacteria, fungi);

(iv) above ground invertebrates (including predators and pests);

(v) birds;

(vi) wildlife;
(vii) humans (e.g. allergies via pollen or sawdust inhalation).

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 significantly depending on whether the LM tree under consideration is a forest/plantation tree or as a fruit tree. On the one hand, risk management for forest or plantation trees may rely on strategies for delaying or avoiding flowering (e.g. fast-growing trees for lumber production being cut before reaching the reproductive phase) and bioconfinement (e.g. induction of male sterility or flower ablation) where dispersal poses serious legal or ecological risks. In these cases, even a modest reduction of dispersal due to incomplete sterility mechanisms can provide substantial reductions in spread and associated ecological impacts (Brunner et al. 2007; DiFazio et al. 2012, in press).
  On the other hand, for trees threatened by pests or climate stresses, the spread of the GM trait from the LM trees might be desired, thus a complete lack of containment may be desired.  Risk management of LM fruit trees or exotic pest tolerant trees whose spread is desired may have to rely on different strategies than where containment is indicated.  For example, early flowering is crucial for the fruit industry and the target of different practices for tree propagation and improvement (e.g. grafting). 

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 lumber trees);

(c) Results from monitoring of field trials;
(d) Specific effects and risks of any bioconfinement strategy achieved through the use of modern biotechnology.
(e) Strong but incomplete sterility traits may be adequate for ecological mitigation.  
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