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Note by the Executive Secretary 

1. The Executive Secretary is pleased circulate herewith, for the information of participants, the 

report of the Norway-Canada Expert Workshop on Risk Assessment for Future Applications of Modern 

Biotechnology, which was held in Montreal from 4 to 6 June 2007. 

2. The workshop was organized to generate information to assist the discussion on the potential 

need for additional guidance on specific aspects of risk assessment and risk management of living 

modified organisms, such as guidance focused on particular types and particular intended uses of living 

modified organisms at the fourth meeting of the Conference of the Parties serving as the meeting of the 

Parties of the Protocol. 

3. The report is being circulated as it was received from the Government of Canada. 
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REPORT OF THE CANADA-NORWAY EXPERT WORKSHOP ON RISK ASSESSMENT 

FOR EMERGING APPLICATIONS OF LIVING MODIFIED ORGANISMS 

4 - 6 JUNE 2007, MONTREAL, CANADA 

 

The third meeting of the Conference of the Parties serving as the meeting of the Parties of the Cartagena 

Protocol on Biosafety considered the issue of additional guidance on risk assessment. Based on the 

Report of the ad hoc Technical Expert Meeting on risk assessment held in Rome 2005, the meeting 

decided that at this time the priority issue for the Meeting of Parties was provision of training and 

implementation of the risk assessment/risk management provision of the Protocol on a general basis. The 

decision did however identify that there are potential gaps in the guidance for risk assessment for 

emerging applications of modern biotechnology, namely in trees, fish, veterinary applications and specific 

plant varieties. The issue of additional guidance will be addressed at the fourth meeting of Parties in 2008. 

 

Norway, supported by Canada, offered to host a workshop on risk assessment for emerging applications 

of modern biotechnology, with the objective of the provision of information to assist the discussion on 

risk assessment and risk management at the fourth meeting of the Conference of the Parties serving as the 

meeting of the Parties to the Protocol.  

 

The workshop addressed available guidance on risk assessment for emerging applications of modern 

biotechnology, identification of gaps in information or science that could impact on appropriate risk 

assessments and appropriateness of current models for risk assessment applied to emerging applications. 

Although the Protocol addresses risk assessments for contained use and environmental release, the 

discussion was focussed on risk assessments for environmental release and for field trials as a priority.  

 

The workshop adopted the following recommendations, which are also contained in Part C of the report: 

 The general principles and methodologies for risk assessment contained in Annex III to the 

Cartagena Protocol also apply to transgenic fish, trees, viruses and pharmaplants. 

 There is insufficient guidance on how to perform risk assessment for GM fish and viruses. 

 There may be a need to develop specific methodologies and specific protocols for generating data 

necessary to conduct risk assessments for the future applications of modern biotechnology, 

especially for transgenic fish, trees and viruses. 

 All risk assessments of living modified organisms should be conducted on a case-by-case basis as 

the impacts depend upon the trait inserted, the recipient organism and the environment into which 

it is released. 

 There is a need for additional data on several elements necessary to conduct risk assessments for 

all four types of transgenic organisms (fish, trees, viruses and pharmaplants). Further research is 

recommended to fill the knowledge gaps, inter alia the specific gaps identified during the 

workshop. 

 Field trials may be a useful tool to generate data on the impacts of living modified organisms, but 

may give raise to particular concerns. Alternative models for generating data, as well as 

containment and confinement measures should be considered when appropriate. Baseline 

information on the specific organism in question is very important for risk assessments. 

 There is value in considering the differences between highly managed systems such as cultivated 

fruit trees and the more variable cases such as some forest systems and animal wildlife, and 

whether the recipient organisms are domesticated, semi-domesticated or non-domesticated 

species. 

 Existing guidelines, methodologies, baseline information and risk assessments should be made 

readily available through the Biosafety Clearing House and other relevant international databases. 
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PROCEEDINGS 

    I. INTRODUCTION 

1. The Conference of the Parties serving as the meeting of the Parties to the Cartagena Protocol on 

Biosafety considered, at its third meeting, the issue of the need for additional guidance on risk 

assessment.  Based on the report of the Ad hoc Technical Expert Meeting on Risk Assessment under the 

Cartagena Protocol on Biosafety, held in Rome from 15 to 18 November 2005, the Conference of the 

Parties serving as the meeting of the Parties to the Protocol decided that there was no need for additional 

general guidance but that the provision of specific guidance on risk assessment might be of use. 

Consequently the Government of Norway, supported by the Government of Canada, hosted the present 

workshop on risk assessment for emerging applications of modern biotechnology.  

2. The workshop addressed the available guidance on risk assessment and identified gaps in 

information and science that could have and impact on both appropriate risk assessments and the 

appropriateness of current models for risk assessment when applied to emerging applications of modern 

biotechnology. It was expected that the present report would be submitted to the fourth meeting of the 

Conference of the Parties serving as the meeting of the Parties to the Protocol, as an information 

document. 

II. PROCEDURAL REPORT 

3. The workshop met from 4 to 6 June 2007 at the Headquarters of the International Civil Aviation 

Organization in Montreal, Canada. 

4. 62 experts were present, including experts from among the Parties to the Protocol, from other 

Governments, and from relevant organizations. A full list of the participants is contained in annex II to 

the present report. 

5. The meeting was opened at 9:00 a.m. on Monday 4 June 2007 by Ms Beate Ekeberg of Norway. 

She welcomed the participants and thanked the government of Canada for co-hosting the workshop with 

Norway. She also thanked the Executive Secretary of the Convention on Biological Diversity as well as 

the members of the steering committee, the chairs of the working groups and those making presentations.  

She noted that the workshop coincided with World Environment Day, being hosted by Norway on 5 June 

2007, and observed that the theme of the workshop and of the World Environment Day were to some 

extent related. 

6. Ms. Ekeberg said that risk assessment was one of the core elements of the Protocol. It was needed 

to contribute to an adequate level of protection against adverse effects on biological diversity, taking also 

into account risks to human health, and was thus an important first step in achieving the objectives of the 

Protocol. She observed that risk assessment involved the identification of potential adverse effects, the 

assessment of the likelihood that such effects would occur, as well as the assessment of the consequences 

that might arise from those effects should they occur.  The purpose of the workshop was to identify 

available guidance on risk assessment. As risk assessment required scientific knowledge, it was necessary 

to establish what was known and what was not known. Thus risk assessment also had to address 

uncertainties, and the possible gaps in existing knowledge, as well as the appropriateness of the current 

models of risk assessment. The objective of the Protocol could only be achieved when decisions on 

whether or not to allow production and use of living modified organisms (LMO) are based on scientific 

knowledge and the precautionary principle in cases of scientific uncertainty. The outcome of the 

workshop would provide a valuable input for discussion of risk assessment by the fourth meeting of 

Conference of the Parties serving as the meeting of the Parties to the Protocol. 

7. Ms Pat Dolan, Executive Director of the Outreach and Biodiversity Priority Directorate of 

Environment Canada, also welcomed the participants on behalf of the Government of Canada.  She said 

that the subject of the workshop was both timely and significant as governments were being asked why 
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dangerous and risky activities were being allowed. Governments had to make decisions on whether new 

technologies were acceptable and to achieve that end they also needed to have a realistic assessment of 

the risks posed by new technologies.  They needed to be able to make decisions about the types of risk, 

and the levels of risk involved with science and new technologies, and expert advice was needed that 

explained both the science and facts, or the lack of facts.  Ms. Dolan also noted that the science of risk 

assessment was evolving rapidly and she hoped that the workshop would provide additional guidance on 

that subject. 

8. Mr. Charles Gbedemah, welcomed participants on behalf of the Executive Secretary of the 

Convention on Biological Diversity, Dr. Ahmed Djoghlaf, and extended warm thanks to the governments 

of Norway and Canada for organizing and funding the workshop. Mr. Gbedemah recalled the guidance 

provided by the Sixth Conference of the Parties to the Convention regarding the priority of providing 

training and capacity-building for biosafety-related risk assessment and risk management. He said that 

guidance was also required to deal with risk assessment for emerging applications of modern 

biotechnology. It was further necessary to identify gaps in information or science that could have an 

impact on proper risk assessment, and to examine the appropriateness of existing models for risk 

assessment in relation to contained use and environmental release. In closing, Mr. Gbedemah extended 

special thanks to the members of the Workshop‟s Steering Committee, and wished participants fruitful 

deliberations. 

9. The meeting adopted its agenda on the basis of the provisional agenda proposed by the steering 

committee. 

10. Ms Beate Ekeberg (Norway) and Mr. Desmond Mahon (Canada) served as co-chairs of the 

workshop. 

11. Mr. Mahon gave participants a brief overview of the workshop‟s context, organization and 

objective. He stressed that the workshop was designed to gather the participants‟ specific scientific 

advice. No policy issues would be discussed, and no consensus on the issued would be required. Mr 

Mahon also said that the background documents on the four topics of the workshop that had been 

distributed to the participants before the meeting were only intended as introductions to the topics, and 

were not intended to be definitive or govern the discussions.  The desired output of the workshop was a 

document containing broad recommendations arising out of a fact-based scientific approach informed by 

the personal perspective of the experts in attendance. The recommendations would be compiled and 

presented as an information document to the fourth meeting of the Conference of the Parties serving as 

the meeting of the Parties to the Protocol as input for the negotiations and discussions on risk assessment.  

12. At its first plenary session, the workshop established four working groups:  Working Group I, with 

Dr. Marja Ruohonen-Lehto (Finland) as chair, considered the issue of transgenic fish; Working Group II, 

with Dr. Bao-Rong Lu (China) as chair, considered the issue of transgenic trees; Working Group III, with 

Dr. M. Burachik (Argentina) as chair, considered the issue of pharmaplants; and Working Group IV, with 

Dr. H. Gaugitsch (Austria) as chair, considered the issue of genetically modified viruses for the 

management of animal populations.  

13. At its first plenary session the workshop also heard presentations on subjects of transgenic fish, by 

Dr. R. Devlin, and transgenic trees, by Prof. K.M.A. Gartland. 

14. At its second plenary session on 5 June 2007 the workshop heard presentations on the subject of 

pharmaplants, by Dr. A. Alvarez-Morales, and on genetically modified viruses for the management of 

animal populations, by Dr. T. Traavik. 

15. Discussions that took place in the working groups are reflected in section III A of the present 

report. 
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16. At its third plenary session on 6 June 2007 the workshop considered the reports by the chairs of 

the working groups on the discussions that had taken place on the subjects of transgenic fish and 

transgenic trees. The reports of the chairs, as orally amended by the participants, are contained in section 

III B to the present report as the conclusions of the workshop on those subjects. 

17. During the adoption of the report of the working group on genetically modified trees, one 

participant who had not been present during the discussions of that working group made a comment. In 

order to avoid reopening the debate, it was proposed by the Co-chair that the comment be included in the 

report of the meeting.  

18. The comment related to the issue of field trials of genetically modified trees. The participant 

expressed his understanding that very high risks were involved, and stated that some experts recognized 

that it was important to identify high risk cases of genetically modified trees that should not be studied 

using flowering trees in open field trials 

19. At its fourth plenary session on 6 June 2007 the workshop considered the reports of the chairs of 

the working groups on the discussions that had taken place on the subjects of pharmaplants and the use of 

genetically modified viruses for the management of animal populations.  The reports of the chairs, as 

orally amended by the participants, are contained in section III B to the present report as the conclusions 

of the workshop on those subjects. 

20. During the adoption of the report of the working group on pharmaplants, it was decided that some 

of the proposed amendments that were not incorporated into the final working group report could be 

included in the text of the procedural report for the meeting as a whole.  

21. One such comment related to the fact that guidance for risk assessment could become unclear with 

regard to effects on human health. Particularly with regard to risk assessment of pharmaplants, it was 

important to remember that humans should be seen as part of the environment, and that, for instance, 

health effects should be seen in the context of farm workers exposed to pharmaplants.  

22. With regard to the elements to be included in risk assessments, one participant stated that, in his 

opinion, it was always appropriate to include gene stability, and that gene stability should furthermore be 

followed up during monitoring and risk management.  

23. In relation to the issue of the risks associated with expression of the pharmaceutical compound in 

pharmaplants, one participant pointed out that the efficiency of tissue specificity for expression of a 

compound could be highly important to consider in relation to potential feeding of animals on some parts 

of the concerned plant.  

24. In the section on issues to take into consideration for risk management, one participant wished to 

include a statement to the effect that risk management methods were typically very important for trials 

involving pharmaplants.  

25. In the same section, some indicated that ease of or efficacy of confinement measures may increase 

as scale decreases. 

26. At its fourth session the co-chairs also presented a chair‟s text for consideration by the participants 

as the recommendations of the workshop.  The recommendations of the workshop, as orally amended by 

the participants, are reflected in section III C to the present report. 

27. The workshop held four plenary sessions and each working group held two sessions. 

28. After the customary exchange of courtesies, the workshop was closed at 6:00 p.m. on Wednesday, 

6 June 2007. 
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III. SUBSTANTIVE REPORT 

A. Consideration of issues of risk assessment 

Transgenic Fish 

29. Dr. R. Devlin introduced the subject of living modified fish , hereafter referred to as transgenic 

fish, during the first plenary session of the workshop on 4 June 2007.  The issues addressed included the 

scope of genetically engineered aquatic organisms, transgenic fish models for environmental risk 

assessment research, the information needs and experimental approaches for risk assessment, modelling, 

the major issues affecting reliability of laboratory-driven risk assessment data, containment strategies and 

their efficacy, and the perceptions of the media, industry and the public.  He reminded the participants 

that sixty-eight per cent of all fish extinctions in the previous century in North America had resulted from 

the introduction of foreign species.  The introduction of fish with novel characteristics into ecosystems 

was therefore of concern because major ecological disruptions could occur that would be difficult to 

predict. Among the issues to be considered were: the risk of escape from physical containment, the direct 

effects of escaped fish on the ecosystem, and the sustained effects of interbreeding and persistence of 

transgenic fish. 

30. Dr. Devlin explained that risk assessment data could differ depending upon the traits being 

modified. Currently genes were being transferred to transgenic fish to modify: metabolism, growth, 

reporters, development, physiology, susceptibility to disease and reproduction.  He also noted that it was 

neither currently allowed, nor was it desirable, to release fertile genetically modified fish into the natural 

environment for assessment of the ecological consequences of survival and reproductive fitness.  Instead 

individual characteristics would need to be examined under controlled laboratory conditions, or in semi-

natural environments. Non-transgenic animal surrogates could also be used.  

31. The limitations of predictions made from laboratory studies resulted from the inability to 

determine the magnitude of real-world effects. Opposing fitness effects arising from the genetic 

modification, as well as undetected pleiotropic effects meant that there were large assumptions associated 

with converting laboratory observations into evaluations of true fitness consequences. He stressed that 

nature was vastly more complex than the laboratory and noted that background genetics might also 

influence the expression of a transgene.  While laboratory risk assessment data could identify the forces at 

work, it could not identify their true magnitudes in nature. 

32. Working Group I took up the issue of transgenic fish and at its first session the chair, Dr. Marja 

Ruohonen-Lehto, reminded the participants that the purpose of the workshop was to provide scientific 

guidance and suggested that the participants use the neutral term impact or effects rather than harm or 

hazard in their deliberations.   

33. In the discussion that followed it was noted that there were varying perceptions of the benefits of 

transgenic fish. One area of concern was the dispersal and invasion of transgenic fish into new habitats.  

However it was pointed out that it was unclear to some participants whether the dispersal of the fish or the 

gene was at issue.  It was asked whether the emphasis was being placed on the pathway or the outcome.   

34. What made fish different was that they were not domesticated and that they move freely. Issues of 

the containment, management and control of the migration of fish were therefore of importance.  Gene 

flow to related species, and effect of transgenic fish on whole ecosystems, also raised concerns and it was 

suggested that data on the food web, disease, competition, and predators were required. It was also felt 

that the differences in the effects of aquaculture, the release into the environment and land-based 

aquaculture needed to be considered further, as did issues of detection and biomarkers.   

35. The specific impact and effect of transgenic fish needed to be compared with non-transgenic fish 

in the context of each species, but it was noted that while there was information on salmon, there was less 

information on other species of fish.  While basic ecological studies were needed for all fish, it was 

suggested that salmon could be used as a case study to get insight into the broader questions to be asked.  
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Others felt that there was a need for case studies beyond the study of salmon, and that other geographic 

areas had to be considered as well. 

36. A need for reliable models for ecosystems was also indicated.  In the case of salmon, because of 

unknown variables, none of the models used in the previous century had predictive value.  Models had to 

be based on detailed knowledge of the environment they represented and are only as useful as the 

information on which they were based.  It was suggested that there was a need for systematic studies of 

the environments in question.  It was also pointed out that models were developed that addressed different 

levels of organization, including physiological, ecological, and genetic and for the evaluation of the 

ecosystem. 

37. Some participants expressed concern that the impact of transgenic fish on human health was being 

overlooked and stressed that it was important to consider how people responded to transgenic fish as well 

as the use of transgenic fish as food.  It was also noted that article 26 of the Protocol dealt with the socio-

economic considerations arising out of the use of living modified organisms and it was suggested that it 

was important to consider those issues as well. 

38. Some participants also expressed concern at the lack of clarity in the terms being used and said 

that when engaging in risk assessment it was important to know what questions were really being asked.  

They also wondered whether the working group was replicating the work of the Codex Alimentarius 

Commission on transgenic food or of the Organisation for Economic Co-operation and Development 

(OECD) on transgenic salmon. Others however noted that the work of the Codex Alimentarius 

Commission excluded the environmental impacts of transgenic food and that the work of the OECD on 

transgenic salmon was a compilation of data and did not deal with risk assessment per se. The participants 

were informed that the OECD working group had only started its work on risk assessment considerations, 

and that the results of that work would be presented separately.  

39. Following the discussion the chair said that she would prepare a text on conclusions reflecting the 

issues that had been raised during the discussion for presentation to the third plenary session of the 

workshop.  She asked those who wished to participate in the drafting of the text to meet with her 

informally. 

Transgenic Trees 

40. Prof. K.M.A. Gartland introduced the subject of living modified trees, hereafter referred to as 

transgenic trees, during the first plenary session of the workshop on 4 Junes 2007.   He began his 

presentation by pointing out that, for the purposes of risk assessment, trees could be seen as bigger, 

longer-lived plants that reached reproductive maturity later in life. Long experience with genetically 

modified agricultural crops could therefore provide lessons for considering risk assessment of genetically 

modified trees. He pointed to the various applications of genetically modified trees, highlighting the 

relative benefits of genetic modification in controlling pathogens, disease and pests, as well as in 

increasing food, fuel and fiber production. Environmental benefits also arose from the ability to 

genetically modify trees‟ processing properties to extract products more effectively and with less waste.  

41. Prof. Gartland went on to describe trials involving various genetically modified trees. Although 

the technology had proven effective in a laboratory setting, social concerns with regard to trans-gene 

stability, gene flow, fitness effects, pathogen resistance, soil ecosystem effects, human and environmental 

health effects, and ecosystem disruption of non-target organisms sometimes prevented deployment of 

genetically modified trees in the environment. Given the potential benefits of genetically modified trees, 

and the need to know more about the actual risks associated with their deployment, it was of the utmost 

importance to set up systems for modeling and small-scale, controlled release of such trees. Appropriate 

containment and biological confinement methods were required to make it possible to allow transgenic 

trees to flower. Long-term monitoring was essential to measure the effectiveness of genetic modifications 

in achieving their intended purpose, and to assess the risks involved.  
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42. On the specific topic of systems modeling, it was necessary to include components of genetically 

modified tree-ecosystem interactions. There was also a need to create a meta-model to build on the 

fragmentary conclusions of small-scale models. This could be followed by small-scale, limited release of 

genetically modified trees, perhaps with genetic traits designed to prevent fitness effects, to report on 

gene expression, and to track gene behaviour. That would help validate models and provide better results 

on which to base risk assessment. 

43. Prof. Gartland concluded by saying that the Convention on Biological Diversity and the Biosafety 

Protocol provided excellent risk assessment tools for the agricultural sector that could be used as an 

effective framework for risk assessment of genetically modified trees. Such a framework had to be based 

on rational science, and concentrate on key questions and lessons learned from agricultural crops and 

from contained models. That way, there could be case-by-case review informed by previous practice. 

44. Working Group II took up the issue of transgenic trees. The Chair of the working group on 

transgenic trees, Dr. Bao-Rong Lu began the session by calling on participants to focus the discussion on 

what made trees different from plant crops with regard to risk assessment. Participants then heard a 

presentation by Dr. Meng-Zhu Lu on risk assessment for commercial transgenic poplar plantations in 

China. 

45. During his presentation, Dr. Lu provided a timeline for releasing transgenic trees into the 

environment in China, and outlined the various steps involved in the corresponding laboratory and field 

trials. The trials had examined factors such as toxicity, gene stability, soil microorganisms, insect 

populations and gene flow. No significant risks with regard to any of those issues had been found in the 

transgenic poplar plantations. However, changing variables made findings differ enough to conclude that 

risk assessments of transgenic trees had to be conducted on a case-by-case basis. One example of this was 

gene flow, which was affected by wind, temperature, rain, trees surrounding the sites, and other factors, 

such as competition between transgenic and non-transgenic trees. Further funding and longer-term studies 

in particular were required to achieve a greater understanding of how potential risks would be affected by 

trees‟ longevity. 

46. Following the presentation, a discussion took place in which a number of general issues were 

raised.  The chair of the working group asked the participants for their views. One major issue was 

whether the framework for performing risk assessments  as contained in Annex III to the Cartagena 

Protocol on Biosafety, could be applied to transgenic trees, or whether a whole new paradigm was 

required. Several participants expressed the view that Annex III provided valid parameters. Their 

relevance to transgenic trees depended on the extent to which each category of tree give rise to 

considerations similar to those that are to be taken into account according to the Cartagena Protocol. 

47. It was pointed out that trees, unlike most crops, were perennial. The longevity of trees raised 

particular issues with regard to monitoring and the long-term effects of genetic modification. Another 

special characteristic was the existence of both human-managed tree plantations and wild tree stands, 

which led to different consideration of each type of tree. Finally, the fact that flowering trees were 

difficult to contain meant that particular attention had to be paid to the risk of potential spread of a gene 

that could render a particular species dominant in the natural environment.  

48. It was therefore very important to understand the risk of a spread of transgenic trees owing to a 

large fitness benefit. Fitness was affected by many variables, such as the genetically modified trait, the 

genetic background of the host organism, the size and structure of the tree population, the geographical 

environment, and even climate change. The impacts of such a spread into the natural environment 

included destruction of biological diversity, and of non-target organisms living within the trees‟ 

ecosystem. The magnitude of the destruction would be even greater if the spread reached a centre of 

origin or centre of diversity of the host tree.  
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49. Risk assessment for transgenic trees would entail filling the knowledge gaps associated with the 

above factors. That meant gathering baseline data on the risks linked to genetic changes for different 

purposes. It also meant learning more about trees‟ life cycles, about the micro-organisms and food webs 

associated with trees, and about their managed or natural environments. Furthermore, when it came to 

comparing genetically modified trees and genetically pure trees for risk assessment purposes, a number of 

additional factors had to be taken into account, such as any other modifications to which pure trees might 

be subject, including pesticides and traditional breeding practices.  

50. Non-tree-related considerations for risk assessments included human health impacts and the need 

to investigate the relationship between gene modifications and the allergenic properties of pollen. It was 

also mentioned that the proposed reasons for the genetic modification would have an effect on the 

perceived social acceptability of a given risk.  

51. Finally, the desirability of conducting field trials to gather all of the relevant information was 

discussed. Protocols would be needed to circumscribe such trials, both to ensure maximum confinement 

and to extract the maximum amount of information for risk assessment purposes. A step-wise approach 

similar to that used for transgenic plant crops could be adapted to the special characteristics of trees. It 

would be necessary to proceed on a case-by-case basis, with case categories gradually getting bigger as 

the body of knowledge grew. It was also important to try to prevent field trials and deployment from 

tipping over from risk assessment into risk management, and to keep in mind that long-term monitoring 

required substantial resources, which developing countries often lacked.  

52. Following the discussion, the Chair of the working group undertook to prepare draft conclusions 

taking into account the issues raised. The reference documents mentioned by participants during the 

discussions would be included in a bibliography to be forwarded as an annex to the report of the 

workshop meeting.  

Pharmaplants 

53. Dr. Alvarez-Morales introduced the subject of pharmaplants, living modified plants genetically 

modified to produce pharmacologically active compounds, at the second plenary session of the workshop 

on 5 June 2007.  During his presentation, Dr. Alvarez-Morales said that several projects for genetically 

modified pharmacologically active plants were being considered for commercialization by various 

biotechnology firms, other organizations, industry and public research groups. Countries that might have 

the capacity to develop their own genetically modified plants faced other constraints as well. Clear, strict 

guidelines for risk assessment were necessary, as research into genetically modified plants for 

pharmacological purposes could be used to solve pressing social problems. 

54. Dr. A. Alvarez-Morales proposed that field trials could follow the protocols used so far for 

experimental release, which exercise very strict control to prevent transgene escape through pollen flow 

or seed dispersal. There were, however, knowledge gaps with regard to the effects of new substances on 

non-target organisms and animals, and their cumulative effects throughout the food chain. That begged 

the question of whether field trials were in fact desirable. Contained crop production made it possible to 

control risks far more effectively. It was also possibly more cost-efficient than research into acute and-or 

chronic exposure of non-target organisms and food-webs to genetically modified material. 

55. He went on to describe the risk-assessment procedure applied to a project in Mexico to perform a 

field trial of bananas that had been genetically modified to produce antigens derived from rotavirus. The 

project had been conducted by a research institute, which had based its choice of crop on a number of 

factors designed to minimize risk. Those factors were the absence of wild relatives of the host plant, the 

presence of vegetative propagation, the fact that a single plant produced enough material for testing, the 

feasibility of completely isolating the plant, the ease with which fruits could be accounted for and 

controlled, and the ease of post-harvest control.  
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56. In addition to incorporating such factors, moving ahead in the area of risk assessment meant 

developing a definition of which plants could be genetically modified. It was also necessary to find 

efficient ways to ensure isolated environments that excluded non-target organisms and animals, while 

allowing for the production of sufficient amounts of genetically modified pharmaceutical material. Risk 

management strategies and contingency plans were of the utmost importance, as were strict monitoring 

methods and surveillance mechanisms, as well as mechanisms to trigger preventive or corrective 

measures in a timely manner in the event of transgene escape. National policies on these issues, reflecting 

a case-by-case approach based on the particular problems of each country, could be a component of risk 

management, as long as the regulatory burden did not prevent forward movement in this area. 

57. Working Group III also took up the issue of pharmaplants.  The chair of the working group, Dr. 

M. Burachik, asked the working group to begin with a brainstorming session aimed at pinpointing issues 

specific to the risk assessment of genetically modified plants for the production of pharmacological 

substances (pharmaplants), to be used as a springboard for discussion. The issue of scope gave rise to 

some debate about what such a risk assessment should cover. While many of the risk factors of 

pharmaplants were no doubt relevant to other biomedical and industrial applications on a case-by-case 

basis, the scope of risk assessments in this case would be limited to plants in which genes had been 

inserted for the expression of active pharmaceutical compounds for therapeutic, diagnostic and 

vaccination purposes.  

58. There was also some discussion regarding the fact that the nature of pharmaplants and their 

attendant risks blurred the limit between risk assessment and risk management. That was because, 

contrary to genetically modified agricultural crops, the worst-case scenario for pharmaplant crops was to 

have the bioactive compound enter the food stream. There was also a greater potential impact if 

pharmaplants were accidentally released into the environment with a gene giving them a selective 

advantage. That meant that the focus of risk assessment was containment, not release. The nature of the 

genetic modifications, the types of pharmaplant crops, and the intended use of the pharmaplants all 

provided additional elements to be considered when conducting risk assessments.  

59. The bioactive compound inserted into the pharmaplant affected risk in a number of ways. There 

was, of course, the compound‟s toxicity and allergenicity. The level of expression of the compound also 

had a direct effect on risk, since the more biologically active it was, the greater the effects it was likely to 

be in the event of release. It was furthermore important to ascertain tissue specificity of the expression of 

the compound, but to look at the entire plant when assessing risks for non-target effects. The presence of 

multiple new genes or genetic modifications could create phenotypic effects other than the desired protein 

expression. The persistence of bioactive compounds, or their stability in the environment was also a key 

consideration, as long-lasting bioactive material could have chronic effects. Compounds to be used for 

vaccination created the potential of affecting human immunity, as exposure over time to a sub-unit of a 

vaccine could increase tolerance and render the vaccine ineffective. Finally, some bioactive compounds 

could reproduce, replicate and recombine, increasing their associated risks. It was therefore important to 

measure these elements when conducting risk assessments. 

60. The nature of the crop used to host the bioactive pharmaceutical compound had a bearing on both 

the effectiveness of the genetic modification and its attendant risk. It was therefore useful to know which 

crops could be used and which should be avoided. Although pharmaplant crops tended to be smaller in 

scale than other genetically modified crops, even very small releases could contaminate the food chain. 

One approach to prevent food contamination was to use minor or non-agricultural crops as a platform for 

the genetic modification. While that tended to solve one problem, it created another in the form of lack of 

familiarity with the basic biology and other characteristics of the host crop. That raised the related issue of 

what could be used as a baseline to compare risk. Neither conventional nor genetically modified 

agricultural crops qualified in this respect.  Information on all of the above factors was therefore needed 

for risk assessment.  
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61. The intended use of the pharmaplant raised a number of concerns. One such concern was precisely 

the fact that, although the host plants might be edible, in many cases the inserted pharmaceutical 

compound made them completely inedible. Conversely, the possibility of having pharmaplants that could 

be eaten as a means of administering the pharmaceutical compound they contained, e.g. oral vaccines, 

raised a series of questions regarding the ability to measure the variability of bioactive material 

concentration. It also posed difficulties with regard to safeguards against unintended consumption of the 

bioactive material and possible routes of distribution and accidental release. If the pharmaplant was 

intended to be processed to extract the pharmaceutical compound, it was necessary to learn about the 

bioactive compound‟s potential for escaping the production stream, as it is accomplished through good 

manufacturing practices. 

62. Following the discussion, the Chair of the working group undertook to prepare draft conclusions 

taking into account all of the issues raised. 

Genetically modified viruses in the management of animal populations 

63. Dr. T. Traavik introduced the subject of genetically modified viruses for the management of 

animal populations at the second plenary session of the workshop on 5 June 2007.  In his presentation 

Dr. Traavik said it was difficult to extrapolate from cells, and that even virus families were so different 

that it did not make sense to extrapolate from one virus to another.  He recalled that a Noble Prize winner, 

A. Lwoff stated that viruses were viruses, thereby indicating their unique character.   

64. Genetic modifications could be achieved by homologous recombination to achieve gene deletion 

and by transgenesis, or by both. Some of the  viruses being modified were: Poxviridae including orthopox 

and avipox;  Adenoviridae,  most commonly human Adenovirus type HAd5, Herpesviridae and 

Togaviridae, as well as other host species specific viruses.  Environmental implications were found in 

applications of gentically modified viruses relating to livestock vaccines, wild life reservoir species 

vaccination, pest animal population control, and human vaccines. Genetically modified viruses maybe 

recombinant replicating or non-replicating virus-vector vaccines. The benefit of recombinant, non-

replicating virus-vector vaccines was that they provided good protective immune responses, including at 

the mucosal portal-of-entry.   They were also simple and cheap to produce, could provide a rapid response 

to emerging diseases, were resistant to degradation, could be made non-persistence and and did not 

perform or carry out genomic and foreign integration.   Some of them make it posssible to produce 

multivalent vaccines. 

65. However there were risks and drawbacks to genetically modified viruses as they could create non-

target infections.  It was also unclear whether such recombinant, non-replicating virus-vectors were really 

replication deficient.  If a virus did not replicate in one cell line that did not mean that it would not 

replicate in another.  Risks were also posed by the possibilty of a double infection with a naturally 

occuring virus and a vaccine virus resulting in a new hybrid.  The efficiency  of genetically modified 

vaccine vectors may be diminished by preexisting anti-vector immunity. 

66. Dr. Traavik also gave the example of Modified Vaccinia Ankara (MVA) being crossed with 

cowpox and said that after several passages it had no longer been possible to detect the transgene.  He 

also noted a naturally occuring case of a recombinant ectromelia and cowpox that had been isolated in a 

patient in Norway, although ectromelia was not naturally occuring in Norway. International regulatory 

groups had also recently questioned the safety of certain existing vaccine constructs and their production 

systems. Dr. Traavik said that while the main focus of research has previously been on the functionality 

and immunological mechanisms of viruses, work on safety aspects most often was put off until later in 

the development process . By  then making fundamental changes to the vaccine to improve its safety 

could be costly and time-consuming.  He noted that the public might also lose confidence in such a 

process. 
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67. In closing Dr. Traavik highlighted a number of gaps in the current knowledge of viruses which 

related to naturally  occurring relatives and new viruses created through recombination, non-target effects, 

the transboundary and trans-ecosystem spread and vectors of transport such as migrating birds, animals, 

insects, and ticks.  There was also a lack of knowledge concerning the integration of GMV DNA, or 

fragments of it, into host cell chromosomes; as well as concerns about the genetic stability and deletion of 

transgenes and the influence of such ecosystem changes as temperature rise and chemical pollutants. 

68. Working Group IV took up the subject of genetically modified viruses for the management of 

animal populations.  The chair of the working group, Dr. H. Gaugitsch, asked the participants to take 

stock of the current state of the art as well as the guidance available for risk assessment, the available risk 

assessments and the current research on risk assessment. 

69. In the discussion that followed, it was asked whether the stability of modified viruses could be 

assumed. It was also pointed out that during the vaccination campaigns against smallpox other species 

had been affected as well.  Buffalo pox might have come from that process and there was evidence to 

show that a new cattle pox virus in Brazil might have developed out of that vaccination process as well.  

There was therefore a need to consider the spread to non-target species where there could be new 

expression of genes. 

70. It was suggested that for the purposes of risk assessment, viruses could be grouped into diseases in 

humans and livestock populations and viruses for the control of wild species.  In the first case, non-

replicating viruses were desirable while in the control of wild species replicating viruses were needed.  

The issue of the effectiveness of genetically modified viruses was also raised, as was the issue host 

specificity and the ecological effects of viruses. It was suggested that it was important to consider disease 

ecology and the interaction between humans, animals and other organisms.  While data was available 

from the science of virology, there was a lack of information in field situations. 

71. Although viruses had often been seen as a special case for the risk assessment, it was suggested 

that the model of biological control agents could set the pattern for the risk assessment of genetically 

modified viruses.  Others noted that the issue of risk assessment was not unique to genetically modified 

viruses and that phytosanitary and veterinary regulations were already in place.  International standard 

setting organizations were also working on the issue, as was a task force of the Codex Alimentarius.  An 

ad hoc group on biotechnology of the World Organization for Animal Health (OIE) was also considering 

the issue, and it was suggested that the work of the International Embryo Transfer Society was also a 

possible source of guidance on safety issues.  The European Medicines Agency (EMEA) also had in place 

guidance on live recombinant vector vaccines for veterinary use.  

72. One participant noted the use of the vaccinia virus when targeting rinderpest and stressed that in 

east Africa, human and livestock lived in close proximity. That needed to be taken into consideration, as 

did  the difficulty of transferring use of small animal model to larger hosts such as cattle. It was also 

reported that in Australia it had been difficult to move from the laboratory when developing viruses to 

control rabbits, mice and foxes.  Viruses had however been used to vaccinate foxes against rabies in 

northwest Europe and raccoons in the United States of America, although it was unclear how successful 

that had been.   

73. Little research had been done that gave a holistic approach to the environmental effects of viruses, 

and it was felt that further work in the area was needed.  The participants also felt that the issue of 

ecological and environmental effects had not been given sufficient consideration, and insufficient 

consideration had also been given to the spread of viruses across biological borders.  Instead the issue had 

generally been considered from a medical or veterinary point of view.  Epidemiological studies had only 

studied the incidence of the expression of a disease and not the existence of the virus in asymptomatic 

populations.  New viral species might not be detected or else they might not show in the form of 

detectable symptoms.   
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74. However it was also noted that new technologies such as PCR allowed for greater refinement in 

research into virus types.  But better research tools were also needed, and research capacity had to be 

developed.  It was also suggested that the use of stem cells might be a way forward.  One participant also 

informed the working group of ongoing work on the effect of myxoma virus in rabbits on their avian and 

animal predators. 

75. The Chair thanked the participants for their contributions to the stock taking exercise and asked 

them for their views on the gaps in information necessary to perform risk assessments and the issues of 

note in the risk assessment of genetically modified viruses. 

76. The participants were of the view that there was a lack of information on the biology of the host 

viruses and that there was also a need for research into the development of viral expression in hosts. 

Adequate follow-up of non-clinical carriers of viruses was also needed and it was necessary to study the 

effect of regional and seasonal patterns on viruses as well as the co-evolution of the viruses with their 

hosts.   

77. It was also felt that much of the current research on viruses in cell lines was not predictive of viral 

behaviour in nature and that the portals of entry for viruses was often not adequately investigated. It was 

suggested that it would be better to use whole animals for such research.  Generally there were serious 

knowledge gaps, especially related to whether a particular species was permissive or non-permissive, and 

it was pointed out that such distinctions often varied within the same animal depending on age, sex, 

hormones, seasons and other environmental factors.    

78. It was also suggested that there was not enough baseline data to make such assessments.  Targeted 

experiments were needed to gain better knowledge of virus ecology and virus/host interactions There was 

also a need to study the issues of ethnographic management systems and the socio-economic effects on 

populations.  There was a need to encourage North-South collaboration in research and it was also 

suggested that there was a need for further consideration of the issues of metagenomics and 

bioinformatics. 

79. Following the discussion the chair said that he would prepare a text on conclusions reflecting the 

issues that had been raised during the discussion for presentation to the third plenary session of the 

workshop.  

 

B. Conclusions of the workshop 

Transgenic Fish Session 

 

Chair: Marja Ruohonen-Lehto (Finland) 

 

1. Summary of Session 

 

Discussions on environmental risk assessment of transgenic fish were opened with an overview of major 

areas of concern specific to this topic. Subjects such as control and containment of GM fish populations 

through to interactions of released GM fish with complex aquatic ecosystems were explored. Major gaps 

in the knowledge centered on the dearth of information available on the biology and ecology of many fish 

species, creating difficulties in analyzing differences one might observe in transgenic fish with this lack of 

comparators. Discussion of methodologies which may aid in bridging these gaps included consideration 

of models and comparators, as well as near-nature laboratory experimentation.  
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2. Considerations for Environmental Risk Assessment of Transgenic Fish 

 

The general principles and methodologies as described in Annex III of the Cartagena Protocol also cover 

transgenic fish. The framework for risk assessment offered by the Protocol can therefore be used to 

address specific issues raised by transgenic fish. 

 

Issues unique to fish 

 

Some issues related to environmental risk assessment were identified as specific to fish. Fish species used 

thus far for genetic modification are undomesticated, wild animals that move easily to different, possibly 

large geographical areas and display indeterminate growth. Moreover, fish has the potential for rapid 

population expansion and are ectothermic by nature and thus quite sensitive to changes in abiotic 

conditions. Introduction of fish into new environments is highly uncontrolled and fish will interact with 

many different species in broad areas through dispersal. It was noted that no field trials can be carried out 

with transgenic fish and this highlights the importance of careful laboratory experimentation using near-

nature conditions and surrogate models.  

 

Consideration of the GM fish in its environment 

 

The following elements were considered to be important in assessment of transgenic fish: species or strain 

of fish; gene construct, insertion site and trait stability; pleiotropic effects of the inserted genes; life 

history traits of the fish including high fecundity, induced sterility, specific ecosystem in which the fish is 

found; environmental context e.g. diversity, variability, availability of suitable comparators (wild type or 

other strains with similar phenotypes). Data from comparators are useful for formulating hypotheses and 

specific questions for risk assessment and are important for conducting case-by-case risk assessments.  

 

Whole ecosystem effects  

 

Whole ecosystem effects include those occurring directly from introduced animals as well as effects 

arising from persistence of these animals in the environment through reproduction in nature. 

Consequences arise from phenotypic characteristics of the transgenic fish, in addition to their number 

(population) in the ecosystem (introduction rate and fitness including ability to reproduce). The ecological 

niche which the fish inhabits in the complex aquatic food web may be affected by introduction of a 

transgenic fish. Interactions with the environment and other organisms, disease susceptibility, 

competition, and effects on predators, prey and related species all form part of the total effect the 

transgenic fish will have on the ecosystem. Further, abiotic factors such as climate change and pollution 

may affect the behaviour or fitness of the transgenic fish in the ecosystem, producing downstream effects 

on all the factors mentioned above including possible effects on biodiversity.  

 

In addition it was noted that information on environmental effects of transgenic fish can benefit from the 

experience that we have on introduction of non-indigenous fish species into the environment. Moreover, 

research has shown that it is important to study a certain genotype in several ecological milieus. Effects 

are sometimes only observed under specific ecological conditions.   

  

Invasion, establishment and spread 

 

Release of transgenic fish into the environment, either deliberately or through escape, opens a further set 

of issues to be addressed. One must take into account dispersal behaviour, fitness components of the fish 

(e.g. survival, fertility, viability) and introgression and gene flow into related populations (both intra-

specific and inter-specific). In addition, bottleneck effects and outbreeding depression are possible side-

effects of the introduced transgenic fish on wild populations in the receiving environment. 
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A classic scientific approach to fitness would take into account all the components of fitness such as 

fertility, growth, and behaviour. We have to be aware that pleiotropy (i.e. one genetic factor resulting in 

more than one effect) makes the classical approach more complex. An alternative approach is the “net 

fitness” approach where we don‟t need to know everything about a fish, but we just measure the global 

fitness of the fish (i.e. the number of offspring produced). Net fitness is difficult to test for in nature, as it 

is a long-term measurement taken over a sometimes large geographical area. It was instead proposed to 

measure net fitness in a near-nature environment such as laboratory tanks set up to mimic a natural 

setting.  

 

Containment and other management strategies 

 

Containment is one type of management strategy which provides the most control over transgenic fish. 

This may be achieved through physical approaches such as land-based growing facilities or improved net 

pens, or through biological approaches. Biological approaches include sterility via triploidy or transgenic 

approaches, or impaired viability through engineered dependence on an introduced nutrient source. When 

containment is not possible, mitigation of issues in environmental release must be considered, and  

includes use of, for example, detection methods and biomarkers.   

 

Scale of the risk assessment 

 

The scale of risk assessments undertaken depends on several issues including geographical and temporal 

considerations. Geographical considerations include connectivity of waterways and specificities of 

aquatic ecosystems. For example, freshwater habitats are particular environments which may be more 

vulnerable to invasions. Temporal considerations include the life stage of the fish released and whether 

the fish are sterile, with a limited lifespan, or are able to reproduce through successive generations. The 

magnitude of the release, whether deliberate or an escape, and the total number of animals must also be 

considered.  

 

Methodological needs 

 

In order to carry out adequate environmental risk assessments on transgenic fish, collection of basic 

biological data on fish species, including their ecological niches and local genotypes, is a critical first step 

in collecting baseline data. Case studies using reference species (e.g. salmon, tilapia) may help to 

elucidate effective scientific approaches to data gathering. Suitable experimental designs, ideally 

mimicking conditions in nature, would help in the development of protocols for risk assessment.  

 

It was noted that more empirical data is needed for modeling studies. Models can take several forms: 

logical models are qualitative, mathematical models are predictive and quantitative, and models of 

interactions focus on the synergies and antagonisms. Components of the model may include population 

density, genetic diversity, life history parameters and abiotic factors. Studies will reveal interactions 

between factors and an analysis of the variability of factors leading to sensitivity analysis.  

 

Special attention should be paid to the identification of critical life stages and critical environmental 

variables and fitness components. These critical points can be identified from a combination of modeling 

approaches and experimental data. Simulation and predictive models cannot fully replace experimental 

approaches to scientific data gathering. Indeed, modeling provides indicators as to the types of 

experiments which will yield the most useful data. Modeling, laboratory experimentation and 

observations in nature are synergistic components of the comprehensive scientific assessment and should 

be implemented in parallel. 
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Additional Considerations 

 

The following issues were also brought up in the discussions but were not further elucidated because the 

main focus of the session was on science-based environmental risk assessment: Balance and weight of 

evidence evaluation, including quantitative data and qualitative observations (expert opinions); degree of 

uncertainty in scientific data, human health aspects e.g. fish as food; and socio-economic aspects.  

 

3. Recommendations for Additional Research and Specific Data Needs 

 

Some research needs were identified, and although the list below is not exhaustive it represents the points 

which were most highlighted by the participants of the transgenic fish session. 

 Method development needs are compiled in the paragraphs above. 

 Develop different worldwide scenarios on the introduction of transgenic fish into the environment 

by a group of experts in, for example, ecosystems, fish physiology and fish genetics.  

 Perform sensitivity analysis in models to identify critical life stages, fitness components or 

environmental variables for which we do not yet have any experimental data.  

 Identify other likely candidate model fish for use in case studies for environmental risk 

assessment. 

 Development of case-by-case protocols for transgenic fish risk assessment. 

 

4. Available risk assessments and guidelines 

 

 Biology of Atlantic Salmon, a draft developed by the OECD working group on 

harmonization of regulatory oversight in biotechnology, 2007 

 Global Industry Coalition (GIC) compilation of environmental risk assessment guidance: 

transgenic animals (including fish), 2007 

 Canada Department of Fisheries and Oceans workshop output from 2004 on environmental 

risk assessment of GM fish 

 Codex Alimentarius Commission task force on food safety of genetically modified animals 

 Abstracts of the OECD workshop on the biology of the Atlantic Salmon, Moscow, Russian 

Federation, 2004. 

 

 

Transgenic trees Session 

 
  

Chair: Bao-Rong Lu  

 

Dr. Bao-Rong Lu set the scene for the discussion by highlighting the differences displayed by trees 

compared to annual crop plants: they can grow in unmanaged conditions, have a long life expectancy, are 

broadly undomesticated. Dr. Lu then presented the objectives for the discussion: to identify what is 

known, what new knowledge is required specifically for trees; based on scientific facts, avoiding policy 

issues.  

Dr. Meng-Zhu Lu shared his experience and knowledge gained over almost 10 years with poplar (P. 

nigra) transformed with a Bt gene for insect tolerance, and with a white poplar hybrid transformed with a 

Bt gene and a proteinase inhibitor gene. Dr. Lu presented the gradual steps involved (laboratory 

bioassays, small scale field release, commercialization); the steps of government oversight; the general 

location and climatic conditions of the growing sites; and the risk assessment parameters assessed over 

one year: toxicity, gene stability; effect on soil microorganisms; effect on insect populations; gene flow 

(pollen and seed).  
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Adequate Framework in the Protocol  
 

An important point that was consistently raised is that the general principles and methodologies as 

described in Annex III of the Cartagena Protocol also cover trees. The framework for risk assessment 

offered by the CBD  can therefore be used to address specific issues raised by trees. The way these issues 

are addressed for trees may be specific, but the assessment framework remains the same and no new 

paradigm is required.  

 

Specific characteristics of trees  
 

Specific characteristics of trees were outlined: perennial, large population size, often many years before 

the first flowering, complex ecological backgrounds; huge range of domestication, from non-

domesticated (forest trees) to highly managed (stone fruit); trees are perennials and release may be over 

the long-term; trees are often the dominant species in the environment; wind pollinated trees produce 

large amounts of pollen some of which can potentially travel long distances; some trees are potentially 

vulnerable species; there can be issues related to plantations themselves compared to natural regeneration; 

requirement for a deployment strategy involving several genotypes. It was consistently noted that forest 

species that may have large wild stands in close proximity to cultivated stands, and fruit trees that are 

highly bred and manipulated for sterility, fruit quality, disease resistance etc. for many years, raise very 

different issues.  

 

Key issues  
 

The considerations to be taken into account in any risk assessment of living modified organisms 

according to the Cartagena Protocol are also important in the risk assessment of transgenic trees: gene 

stability; interactions with microorganisms; non target effects; gene flow – distances traveled by pollen of 

wind pollinated species and tree populations connected over large areas; evolution of insect resistance; 

allergenicity issues; fitness  and long-term food web effects.  

 

Comparator/counterpart  
 

To evaluate the relative magnitude of effects in the environment, one approach of risk assessment is to 

compare the effects with trees produced by conventional breeding that we are familiar with. A key 

component in risk assessment is what you compare the transgenic tree to, in terms of the composition, 

phenotypic and agronomic/forestry aspects. In the need to look at a comparator, management systems 

must also be considered (e.g. use of herbicides, insecticides, defoliators etc.); do not look at transgenic 

trees in isolation.  

 

Baseline information  
 

To evaluate the relative magnitude of effects in the environment, one must have a realistic understanding 

of the state of the environment before the introduction of these trees. The assessment and evaluation of 

indirect effects in the context of food webs require strong baseline knowledge, that is currently lacking for 

semi-domesticated and unmanaged systems. More modeling systems would be helpful to inform 

decisions.  

 

Case by case assessments  
 

Participants consistently agreed that a case by case approach to the evaluations was extremely important, 

using the existing framework. There was discussion over what a case by case assessment really means. 

Suggestions were to categorize the risks (biodiversity, gene flow, non targets, resistance evolution issue); 

categorize the genes (such as “neutral” genes, lignin properties modification, hormone regulation, etc.); 
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categorize the species (dominant species in unmanaged ecosystems, species that require human 

intervention for survival, etc.). There was no general agreement on the definition of a case, e.g. event-

based case by case assessments. To facilitate risk assessment it should be identified to what extent classes 

of genes can be considered safe in a given species and ecosystem. Interestingly, a comment was made that 

what is case by case will be determined on a case by case basis; it will be different in each case depending 

on familiarity. You can go from very specific to broader and broader as you gain familiarity, using the 

same principles as with crop plants.  

 

Field trials  
 

A key consideration in gathering the necessary scientific data is the way the field trials are conducted. 

Genotype by environment interactions are a key consideration. Field trials are important for risk 

assessment work together with baseline information. Reliable answers to some questions will only be 

obtained with field trials including flowering. For trees, greenhouse trials are more limited, therefore 

relevant data needs to be gathered from open field trials. Testing in the field needs to be over several 

years and often in several locations, due to strong potential weather variations from year to year and 

important genotype by environment interactions  that will affect fitness and reproductive fitness.  Some 

participants recognized that moving to field trials and flowering trees did pose concerns especially with 

regard to monitoring gene flow to either other populations of the same species or to wild relatives. Article 

16 (4) of  the Protocol states that each Party shall endeavour to ensure that any living modified organism 

has undergone an appropriate period of observation that is commensurate with its life-cycle or generation 

time before it is put to its intended use. Decisions will need to consider the risks and benefits in the future 

developments.  

 

Biological containment  
 

Male and female sterility are interesting candidates for containment, provided potential pleiotropic effects 

are considered. Effective biological containment technology may be important  Many of the biological 

containment methods may involve genetic modifications and will therefore themselves also be subject to 

risk assessment.  It is also important to combine the risk assessment with risk management measures.  

 

Fitness  
 

Fitness (both increased and decreased) was discussed extensively as a key component of risk assessment, 

especially if there is introgression into wild populations. This was seen as a very challenging area to 

study, with ambient conditions changing over time that make it difficult to identify local fitness over the 

long-term. The concept of relative fitness and absolute fitness was presented. The issue of spread of 

alleles is a question of relative fitness; but if there are concerns about a species becoming weedy or 

invasive in the environment, absolute fitness is important. Fitness changes across genetic background and 

environment, and conditions change over the years (increasingly so with global change and the 

introduction of exotic pests and diseases). These issues can be considered by using modeling approaches. 

A weakening fitness integrated into wild populations was seen as an important risk to consider, while 

increased fitness might lead to changes in invasiveness. If there is no introgression into wild species, such 

as in some fruit trees, then estimating relative fitness would be inappropriate. Some participants 

recognized that it is important to identify high risk cases that should not be used. Some participants raised 

the special case of restoration of ecosystems (e.g. chestnut, English elm) as an example where gene flow 

to natural populations would be encouraged.  

 

Centres of origin  
 

In centres of biodiversity and origin extra caution may be required (ex. eucalyptus in Australia), and some 

indicated that experiments and releases should be avoided 
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Available knowledge  
 

There is a wealth of experimental information on breeding developed for the past 50 years. The European 

Advisory Committees on biosafety met in Ljubljana half a month ago to discuss deliberate release of 

GMOs. The final report from that meeting is expected soon*. The United States Department of 

Agriculture (USDA-APHIS) has carried out 12 environmental assessments for field trials of transgenic 

trees, and also assessed and deregulated 1 type of fruit tree; virus resistant papaya; the OECD has 

produced biology documents that have a wealth of information for tree species. The OECD also organized 

a workshop on transgenic trees in 1997 with clear recommendations that need to be taken into 

consideration. The National Academy of Sciences has issued a chapter on tree confinement systems in 

their 2004 Report on biological confinement†. The Advisory Committee on Releases to the Environment 

(ACRE) in the United Kingdom has produced a document on Management of Footprint of Agriculture‡.  

 

Knowledge gaps  
 

- How to properly measure fitness for risk assessment  

- To have effective risk assessment in a timely fashion  

- Define case in a correct way, by use, by product in a proper and transparent manner  

- Pleiotropic effects  

- Genotype by environment interactions  

- Study of mychorrhizae and other interacting microflora  

 

Recommendations  
 

- Treat trees in the managed and wild habitats differently  

- How to produce effective risk assessment for trees in a timely fashion given the life cycle of trees  

- Effective measurement of fitness suitable for trees  

 

Pharmaplants Session 

 

Chair:  Dr. Moisés Burachik  

 

1.  Scope of the Session 

 

Discussions on environmental risk assessment on pharmaplants were opened by the Chair by inviting 

participants to identify key issues of discussion.  Agreement was reached to limit the discussion to plants 

producing therapeutics, diagnostics and vaccines, notwithstanding that there are related risk assessment 

issues with other modified plants for the production of industrials, diagnostics, nutraceuticals, etc. 

 

There was additional discussion related to linkages between risk assessment and risk management.  It was 

agreed that the distinction between assessment and management is not always clear in the context of 

pharmaplants.   

 

                                                      
* http://www.mop.gov.si/en/areas_of_work/environment_directorate/sektor_za_biotehnologijo/2nd_meeting_of_euro 

† http://www.nap.edu/books/0309090857/html/ 

‡ http://www.defra.gov.uk/environment/acre/fsewiderissues/pdf/acre-wi-final.pdf 
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2.  Issues to take into consideration for the Risk Assessment 

 

It was recognized that the general principles and methodologies as described in Annex III of the 

Cartagena Protocol also cover issues relevant to pharmaplants. This will include, for instance, biology 

data of the plant, gene expression levels, tissue specificity and timing of the expression, etc.  The 

framework for risk assessment offered by the Cartagena Protocol can therefore be used to address specific 

issues raised by pharmaplants. The following areas were discussed:  

 

i. No special restrictions to date have been generally agreed to concerning plants that should not be 

used for the production of pharmaceutical products. However, Mexico has restricted the use of 

maize for pharmaplants. It was recognized that the use of crop plants may pose a risk of the 

pharma protein entering the food chain in case of inadvertent release into the environment and 

this consideration may also play a critical role in risk assessment.  On the other hand, plant 

species which are not commonly used as food/feed sources are often less known with regard to 

relevant biological properties, such as fitness, degree of domestication, weediness, dormancy, 

dispersal, persistence in the environment.  This last point was identified as a relevant knowledge 

gap in the development of a pharmaplant industry.  Therefore, some participants proposed that a 

set of criteria for the selection of the appropriate plant species, on a case-by-case basis, should be 

considered. 

ii. As  expression levels of the protein of interest will generally be higher in pharmaplants compared 

to first generation genetically modified plants, the issue of potential toxicity to non-target 

organisms may need to be considered and appropriate panels of non-target organisms may be 

useful to consider.  Similarly, worker safety/human exposure to the relevant protein(s), during 

harvest and processing, for example, may require appropriate assessment of toxicity, 

allergenicity, and other potential health effects. Where appropriate, attention should be paid to 

chronic low-dose effects of the compounds on the reactivity of the immune system and its 

susceptibility.  

iii. Persistence in the environment, as well as mechanisms for protein degradation and derived 

products, may also be considered.   Also, environmental degradation of the pharmaceutical 

protein versus its persistence in the environment should be distinguished with supporting data. 

iv. When appropriate, gene stability should be included in the risk assessment and followed up 

during monitoring and risk management. 

v. Release into the environment of the plant or plant part(s) may require consideration of the 

biological activity and in addition the oral acitivity of the protein being produced.  For example, a 

host animal consuming a monoclonal antibody will have different consequences compared to the 

consumption of an antigen against a feed-borne disease. 

vi. Special attention may need to be given to the possibility of gene flow to wild relatives in the 

context of non-target effects and overall biodiversity effects. 

vii. The level of expression/dose relationship and lot to lot variations were also identified as risk 

assessment issues.  

viii. Several participants recognized that the high expression of the pharmaceutical product itself may 

have phenotypic effects on the plant in addition to expression of other auxiliary genes introduced 

in the construct. Supporting data relevant to the risk assessment should be included in the 

application. 

ix. Certain risk assessment data for pharmaplants would be similar to the information requirement 

for genetically modified crop plants, in general.  However, it was identified by some participants 

that for some pharmaplants, the comparator in the risk assessment may not necessarily be the 

non-modified plant species (as it is used in current genetically modified crop plant species), 

because it is not intended to be used as a  food/feed source, but the production of a specific 

pharmaceutical protein. However, when evaluating effects on natural biota, agriculture may be 

the appropriate comparator. 
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3. Issues to take into consideration for the Risk Management 

 

Since it is recognized that the distinction between risk assessment and risk management in the context of 

pharmaplants is not always clear, participants discussed the following issues as appropriate components 

of a risk management framework: 

  

i. Scale of production: Safeguard measures employed in qualitative and quantitative terms (e.g., 

redundant, overlapping confinement/containment measures) will vary depending on scale.   

ii. Confinement/containment measures:  Every possible route and level of exposure (e.g., to rodents, 

insects, and other non-target organisms) may have to be considered when designing 

confinement/containment measures to minimize exposure of the pharmaplants to the environment.  

Appropriate systems of confinement are to be determined on a case-by-case basis, considering the 

plant, climate conditions and the product being synthesized. Efficacy of confinement measures 

are important to consider inter alia in relation to extreme weather conditions.   

iii. Good manufacturing practices (GMP): Careful design of standard operating procedures, detailed 

registration of all operations, traceability and accountability of materials, validation of methods, 

continued training of personnel and strict biosafety measures were considered important elements 

of GMP in the case of pharmaplants intended to be processed to obtain the active product.   

iv. Consumption/unauthorized use: Special measures should be implemented to prevent unauthorized 

use or.direct consumption of the plant.  Availability may need to be strictly controlled.   

 

4.  Conclusion 

 

While a number of general risk assessment elements apply equally to pharmaplants and non-

pharmaplants, there are certain special characteristics for pharmaplants that may require additional risk 

management approaches necessary to prevent or reduce the risks to biodiversity and consider risks to 

human health. It was recognized that most of these issues can be addressed with available methodologies. 

 

In particular, knowledge gaps were found, including in the following areas: 

 The process by which pharmaplant products inadvertently enter the food/feed chain 

 The phenotypic and pleiotropic effects of high levels of newly expressed proteins 

 The potential effects of different and novel exposure routes of pharmaplants or their products to 

human, animal and non-target organisms, including impact on foodwebs 

 The potential for occupational hazards 

 The handling of pharmaplants when the intended use is their direct consumption 

 The potential  impact of disposal of pharmaplants into the environment 

 The efficacy of containment measures when transferred to different country contexts. 

 

 

GM Viruses for Management of Animal Populations 

 

Chair: Helmut Gaugitsch (Austria) 

 

1. Summary of Session 

 

Discussion in the group followed the structure of the background document on GM viruses.  Contents and 

recommendations of the background document as well as the presentation in the plenary on the subject 

were generally endorsed by the participants. The Group focused its discussion on environmental 

applications of GM viruses for management of animal populations but also took into account human, 

livestock and wildlife health considerations where appropriate.   
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2. Current state of the art / available science 

 

While there is some experience with „intended‟ releases of viruses, it is necessary to also look at 

experience from other sources including animal and human disease epidemics and from data arising from 

vaccination programs (the examples of small pox and adenovirus were given). Two categories of possible 

application were identified: vaccination against human and livestock diseases and vaccination of wild 

species.  In the first case, non-replicating vectors are preferable from a safety perspective while in the 

second case, replicating vectors would be needed.  

 

Several participants expressed the view that viruses are different from most other micro-organisms with 

respect to transboundary movement, persistence/latency, infectous processes and basis for host 

preferences. They were also of the view that viruses are biologically unique in other respects as well, e.g. 

frequency of mutation, recombination and horizontal gene transfer.   

 

We should also consider experiences from cultures in which there is a close relationship between humans 

and animals (regarding viral transmission across species barriers).   

 

There is very little data or information on environmental effects of GM viruses for management of animal 

populations; previous focus has been on human or animal health only.  For example, biological control of 

rabbits in Australia was partially effective in controlling their population but with little study of virus 

ecology that included interactions between introduced and natural strains, and there was little in the way 

of measuring possible environmental effects.  Other examples with foxes and mice were not further 

pursued because of doubts regarding host specificity and efficacy.  Recombinant rabies vaccines are used 

in baits in Europe and North America; again environmental monitoring of effects was limited. 

 

It was mentioned that food safety work undertaken under the Food and Agriculture Organisation 

(FAO)/World Health Organisation (WHO) Codex Alimentarius taskforce as well as the World 

Organisation for Animal Health (OIE), may be useful in the environmental context. 

 

3. Available guidance and risk assessments including research 

 

In general, such guidance for environmental effects of release of viruses (e.g. non-target effects) is either 

non-existent or limited.  Some international bodies, such as OIE, Codex Alimentarius,  EMEA, WHO 

provide partial guidance by focussing on clinical aspects.  For example, some issues like viral shedding to 

the environment will have relevance for both clinical and environmental assessment.   

 

New analytical methods such as meta-genomics, and bioinformatics, when validated, offer a means to 

measure and assess viral diversity and effects in the environment.  

 

It was suggested to put risk assessment into context with social and economic considerations, but 

implementation was not discussed.   The need for co-ordinating the work of different organizations in this 

area was recognized.  Risk assessment should be complemented by meaningful monitoring and 

surveillance programs.   

 

There are only a few examples of research underway in this area. 

 

4. Summary points based on discussion on gaps 

 

There is minimal knowledge of biology of viruses concerning ecological interactions and therefore there 

is a need for:  

 developing consensus documents summarizing the existing body of knowledge e.g. vaccinia, 

adenovirus  
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 identifying groups of viruses according to their use  

 developing or using existing international databases (e.g. relevant academic databases, 

international virology databases, Biosafety Clearing House, Biosafety Information Resources 

Centre) 

 

In addition, there is minimal knowledge of indigenous viruses (in the environment of intended 

introduction), in which case existing viruses, possibly also including plant viruses, may be a source of 

possible recombination.  In cases where regulatory decisions have been made, the BCH or other databases 

could be used to fill that gap.  Also, there is minimal knowledge of virus/host interactions (e.g. host range, 

co-evolution, cytopathogenicity). Therefore a tiered, case-by-case approach, e.g. laboratory studies 

followed by animal studies and/or field studies should be followed. In order to allow for a comparative 

assessment such an approach should be used for both wild type and modified viruses.   Caution was 

however raised concerning extrapolation from laboratory experiments to field situations.  

 

It was pointed out that techniques have become available, e.g. quantitative PCR-based techniques and 

DNA-chip hybridization techniques, that will make more detailed assessment of field situations possible 

in a cost-effective way. 

 

Models for integration and generation of information for risk assessment can be used where available and 

validated but confidence in them is dependent on base-line knowledge and existing animal management 

systems.  Epidemiological models may be particularly helpful.  

 

Where there have been releases, lack of follow-up / monitoring or surveillance data is an issue.  

 

Finally it was recommended that international co-ordination and collaboration be encouraged within 

existing organizations.   The Convention on Biological Diversity or OIE could play a role here.  This 

could include encouraging research and capacity building (North / South collaboration) and multi-

disiplinary themes.  

 

 

C: Recommendations of the workshop 

 

 The general principles and methodologies for risk assessment contained in Annex III to the 

Cartagena Protocol also apply to transgenic fish, trees, viruses and pharmaplants. 

 

 There is insufficient guidance on how to perform risk assessment for GM fish and viruses. 

 

 There may be a need to develop specific methodologies and specific protocols for generating data 

necessary to conduct risk assessments for the future applications of modern biotechnology, 

especially for transgenic fish, trees and viruses. 

 

 All risk assessments of living modified organisms should be conducted on a case-by-case basis as 

the impacts depend upon the trait inserted, the recipient organism and the environment into which 

it is released. 

 

 There is a need for additional data on several elements necessary to conduct risk assessments for 

all four types of transgenic organisms (fish, trees, viruses and pharmaplants). Further research is 

recommended to fill the knowledge gaps, inter alia the specific gaps identified during the 

workshop. 
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 Field trials may be a useful tool to generate data on the impacts of living modified organisms, but 

may give raise to particular concerns. Alternative models for generating data, as well as 

containment and confinement measures should be considered when appropriate. Baseline 

information on the specific organism in question is very important for risk assessments. 

 

 There is value in considering the differences between highly managed systems such as cultivated 

fruit trees and the more variable cases such as some forest systems and animal wildlife, and 

whether the recipient organisms are domesticated, semi-domesticated or non-domesticated 

species. 

 

 Existing guidelines, methodologies, baseline information and risk assessments should be made 

readily available through the Biosafety Clearing House and other relevant international databases. 



UNEP/CBD/BS/COP-MOP/4/INF/13 

Page 25 

 

/… 

Annex I 

BIBLIOGRAPY 

 

Information Sources regarding Risk Assessment  
(Cited references should not to be considered either exhaustive nor definitive) 

 

Fish 

 

Benfey, T.J. 1999. The physiology and behaviour of triploid fishes. Reviews in Fisheries Science 7: 39 – 

67.  

 

Chen, T.T., Kight, K., Lin, C.M., Powers, D.A., Hayat, M., Chatakondi, N., Ramboux, A.C., Duncan, 

P.L., Dunham, R.A. (1993) Expression and inheritance of RSVLTR-rtGH1 complementary DNA in 

the transgenic common carp, Cyprinus carpio. Molecular Marine Biology and Biotechnology 2, 88 

95.  

 

Chen, T.T., Lu, J.-K., Shamblott, M.J., Cheng, C.M., Lin, C.-M., Burns, J.C., Reimschussel, R., 

Chatakondi, N., Dunham, R.A. (1996) Transgenic fish: ideal models for basic research and 

biotechnological applications. Molecular Zoology p 401-433. (eds J.D. Ferris and S.R. Palumbi, 

Wiley Liss.) 

 

Cook JT, M.A. McNiven et al (2000) “Growth rate, body composition and feed      digestibility/ 

conversion of growth-enhanced transgenic Atlantic salmon (Salmo salar)”. Aquaculture 188(1-2) 

15-32.   

 

Devlin, R.H.  1997.  Applications of Molecular Genetics in Salmon Aquaculture and Fisheries Biology.  

Proc. of the First Joint Korea-Canada Symposium in Aquatic Biosciences. pp. 113-127.  Published 

by Institute of Fisheries Science, Pukyong National University. 

  

Devlin, R.H., Yesaki, T.Y., Biagi, C.A., Donaldson, E.M., Swanson, P., and Chan,  W.-K.  1994.  

Extraordinary salmon growth.  Nature 371: 209-210. 

 

Devlin, R.H. 1995, Transmission and phenotypic effects of an antifreeze/GH gene construct in coho 

salmon. Aquaculture 137: 161 – 169. 

 

Devlin, R.H. et al., 1995b, Production of germline transgenic salmonids with dramatically increased 

growth performance. Can. J. Fisheries and Aquatic Sciences 52:  1376-1384. 

 

Devlin, R.H. et al., 2001, Growth of domesticated transgenic fish. Nature 409: 781 – 782. 

 

Devlin, Robert H; Sundström, L. Fredrik; Muir, William M. 2006. Interface of biotechnology and ecology 

for environmental risk assessments of transgenic fish. Trends in Biotechnology 24(2): 89-97. 

 

Devlin, R.H. and E.M. Donaldson. 1992.  Containment of Genetically altered Fish with Emphasis on 

Salmonids.  In: Transgenic Fish. Edited by Choy Hew and Garth Fletcher.  World Scientific Pub. 

Co., Singapore. pp. 229-265. 

 

Devlin, R.H., Biagi, C.A., and Yesaki, T.Y.  2004. Growth, viability and genetic characteristics of GH 

transgenic coho salmon strains. Aquaculture 236:607-632. 

 



UNEP/CBD/BS/COP-MOP/4/INF/13 

Page 26 

 

/… 

Dunham et al, 2002 Effect of rainbow  trout  growth hormone complementary DNA on body shape, 

carcass yield, carcass composition of F1 and F2 transgenic common carp. Marine biotechnology 4: 

604 - 6111992. 

 

Dunham, R.A., 2004. Status of genetically modified (transgenic) Fish: Research and application. 

FAO/WHO Reviews #3384. Status of Genetically Modified (Transgenic) Fish: Research and Application. Food 

and Nutrition Division, Economic and Social Department, Food and Agriculture Organization of 

the United Nations  

 

FAO/WHO Expert Consultation on the Safety Assessment of Foods Derived from Genetically Modified 

Animals, including Fish. Rome, 17–21 November 2003 

 

Fleming, I. A., K. Hindar, I. B. Mjølnerød, B. Jonsson, T. Balstad & A. Lamberg. 2000. Lifetime success 

and interactions of farm salmon invading a native population. Proc. R. Soc. Lond. B 267: 1517-

1524.Fletcher G. and Davies P.L. Transgenic fish for aquaculture. Genetic Engineering 13: 331 – 

369.  

 

Hackett PB, Largaespada DA, McIvor RS, Ekker SC.,Harnessing a high cargo-capacity transposon for 

genetic applications in vertebrates. PLoS Genet. 2006 Nov 10;2(11):e169. 

 

Hallerman E.M.  and Kapuschinski A.R. 1992 (a) (b) Ecological and regulatory uncertainties associated 

with transgenic fish, in Hew.C.L. and Fletcher G.L. Transgenic Fishes, World Scientific Singapore. 

 

Hew, C. et al., 1999. Liver specific and seasonal expression of transgenic Atlantic salmon harbouring the 

winter flounder antifreeze protein gene. Transgenic Research 8: 405-414.  

 

Hedrick, P.W.  2001.  Invasion of transgenes from salmon or other genetically modified organisms into 

natural populations. Can J, Fish Aquat. Sci. 58: 841 – 844 

 

Hindar, K., Fleming, I. A., McGinnity, P. & Diserud, O. 2006. Genetic and ecological effects of salmon 

farming on wild salmon: modelling from experimental results. ICES J. Marine Sci. 63: 1234-1247. 

 

Hostetler et al, 2003. High efficiency production of germ line transgenic Japanese medaka by 

electroporation with direct current-shifted radio frequency pulses. Transgenic Research 12: 413 – 

424. 

 

Howard, R.D., deWoody, J.A. and Muir, W.M 2004. Transgenic male mating advantage provides 

opportunity for Trojan gene effect in a fish. Proc. Natl. Acad. Sci. USA 101: 2934 – 2938. 

 

Hwang, G et al, 2004. Fish as bioreactors: transgene expression of human coagulation factor VII in fish 

embryos. Marine biotechnology. 

 

Johnsson, J.I, and Björnsson, B.Th. 2001. Growth-enhanced fish can be competitive in the wild. Funct. 

Ecol. 15: 654-659. 

 

Jönsson E, Johnsson JI and Björnsson BTh 1996 Growth hormone increases predation exposure of 

rainbow trout. Proc Royal Soc London B 236: 647-651 

 

Kamei M, Saunders WB, Bayless KJ, Dye L, Davis GE, Weinstein BM. Endothelial tubes assemble from 

intracellular vacuoles in vivo.Nature. 2006 Jul 27;442(7101):453-6. Epub 2006 Jun 21. 

 

ftp://ftp.fao.org/es/esn/food/GMtopic2.pdf


UNEP/CBD/BS/COP-MOP/4/INF/13 

Page 27 

 

/… 

Krasnov et al., 1999. Transfer of growth hormone transgene into Arctic Char. Genetic Analysis: 

Bimolecular Engineering, 15: 99 – 105.  

 

Kapuschinski, A. R. and Hallerman, E.M., 1991 Implications of introduction of transgenic fish into 

natural ecosystems. Can . J. Fisheries and Aquatic Sci. 48(Supplement 1) 99 – 107. 

 

MacLean, N et al., 2005, GM Fish in the context of Biosafety, Collection of Biosafety Reviews Vol 2: 36 

-65 ICGEB. 

 

MacLean, N and Laight, R.J., 2000, Transgenic Fish: an evaluation of benefits and risks. Fish and 

Fisheries 1: (2) 146 -  183. 

 

MacLean, N, et al, 2002b Transgenic tilapia and the tilapia genome, Gene 295: 265 – 277. 

 

Madison, 2006. &the International Conference on Zebra fish Development and Genetics. June 14-16, 

Madison Wisconsin. 

 

Matsuda m, Shinomiva A, Kinoshita M, Suzuki A, Kobayashi T, Paul-Prasanth B, Lau EL, Hamaguchi S, 

Sakaizuni M Nagahama y., DMY gene induces male development in genetically female (XX) 

medaka fish Proc Natl Acad Sci U S A. 2007 Mar 6;104(10):3865-70.  

 

McGinnity, P., Prodöhl, P., Ferguson, A., Hynes, R., Ó Maoiléidigh, N., Baker, N., Cotter, D., O‟Hea, B., 

Cooke, D., Rogan, G., Taggart, J. & Cross, T. 2003. Fitness reduction and potential extinction of 

wild populations of Atlantic salmon Salmo salar as a result of interactions with escaped farm 

salmon. Proceedings of the Royal Society of London Series B 270, 2443-2450. 

 

Muir.W.M. and Howard R.D. 1999; Possible ecological risks of transgenic organisms release when 

transgenes affect mating success: sexual selection and the Trojan gene hypothesis.  PNAS U.S.  96: 

13853-13856.  

 

Muir and Howard, 2001 Fitness components and ecological risk of transgenic release: a model using 

Japanese medaka. American Naturalist 158: 1-16;  

 

Muir, W.M., 2004. EMBO Reports 5: 7, 654 - 659  

 

Muir, W. M. and R.D. Howard, 2002  Transgenic Research 11: 101 -  114. 

 

OECD Environmental Health and Safety Publications, 2006 Series on Harmonization of regulatory 

Oversight in Biotechnology #39 The Biology of Atlantic Salmon. 

 

PEW Initiative on Food and Biotechnology 2003. Future Fish – Issues in Science and Regulation of 

transgenic fish. 

 

Pohajdak B, Manosur M, Hrytsenko O, Conlan JM, Dumond LC, Wright JR Jr.; Production of transgenic 

tilapia with Brockmann bodies secreting [desThrB30] human insulin. Transgenic Res. 2004 

Aug;13(4):313-23. 

 

Rahman, M.A. and McLean, N 1992; Production of transgenic tilapia by one cell stage microinjection. 

Aquaculture 105: 219 – 232. 

 

Rahman, M.A. et al 2001 growth performance of transgenic tilapia containing an exogenous piscine 

growth hormone. J. Fish Biology 59: 62 – 78. 



UNEP/CBD/BS/COP-MOP/4/INF/13 

Page 28 

 

/… 

 

Raven PA, Devlin RH, Higgs, DA. Influence of dietary digestible energy content on growth, protein and 

energy utilization and body composition of growth hormone transgenic and non-transgenic coho 

salmon (Oncorhynchus kisutch). Aquaculture 2006  254 (1-4): 730-747.  

 

Schurs, RH, Legler J, Artola-Caricano E, SInnige TL, Lanser PH, Seinen W, Van der Burg B. In vitro and 

in vivo antiestrogenic effects of polycyclic musks in zebra fish. Environ Sci Technol. 2004 Feb 

15;38(4):997-1002. 

 

Stevens, ED, A. Sutterlin et al (1998) “Respiratory metabolism and swimming performance in growth 

hormone transgenic Atlantic salmon Can. J. Fish. Aquat. Sci. 55(9) 2028-2035  

 

Sundstrom, L.F., Lohmus, M., Tymchuk, W.E., and Devlin, R.H.  2007. Gene– environment interactions 

influence ecological consequences of transgenic animals. Proc Natl. Acad . Sci. USA 104: 3889-

3894. 

 

U.S. Agricultural Biotechnology Research Advisory Committee (ABRAC) 1995; Document # 95-04, 

Performance standards for safely conducting research with genetically modified Fish and Shellfish. 

 

U.S. Congressional Research Service:  Report for Congress: Genetically Engineered Fish and Seafood 

July1 2005. 

 

 

Trees 

 

Boerjan, W. 2005. Biotechnology and the domestication of forest trees. Current Opinion in Biotechnology 

16: 159-166. 

 

Bradford, K, N Gutterson, A Van Deynze, W Parrott, SH Strauss. 2005. Regulating biotech crops 

sensibly: Lessons from plant breeding, biotechnology and genomics. Nature Biotech. 23:439-444. 
 

Brunner, A., J. Li, S.P. DiFazio, O. Shevchenko, B. Montgomery, R. Mohamed, H. Wei, C. Ma, A. Elias, 

K. Van Wormer and S. Strauss. 2007. Genetic containment of forest plantations. Tree Genetics and 

Genomes 3:75-100 
 

Bucchini, L. and L.R. Goldman. 2002. Starlink corn: A risk analysis. Environ. Health Perspec. 110:5-13.  
 

Burdon,R.2003. Genetically modified trees. Intern. Forestry Rev. 5:58-64. 

 

DiFazio, S.P., G.T. Slavov, J. Burczyk, S. Leonardi and S. Strauss. 2004. Gene flow from tree plantations 

and implications for transgenic risk assessment. In Plantation Forest Biotechnology for the 21st 

Century Eds.C. Walter and M. Carson. Research Signpost, pp. 405-422. 
 

El-Lakany, M. 2004. Are genetically modified trees a threat to forests? Unasylva. 217:45-47. 
 

Farnum, P., A.l. Lucier and R. Meilan. 2007. Ecological and population genetics research imperatives for 

transgenic trees. Tree Genetics & Genomes 3:119-133. 
 

FAO. 2004. Preliminary review of biotechnology in forestry, including genetic modification. Forest 

Genetic Resources Working Paper FGR/59E. Forest Resources Development Service, Forestry 

Resources Division. Rome, Italy.  

 



UNEP/CBD/BS/COP-MOP/4/INF/13 

Page 29 

 

/… 

FAO. 2005. Biotechnology in forestry gaining ground. FAO calls for systematic assessment of genetically 

modified trees. Press release. http://www.fao.org/newsroom/en/news/2005/1000236/index.html 

 

Frankenhuyzen, K. van, Beardmore, T. and van Frankenhuyzen, K. 2004. Current status and 

environmental impact of transgenic forest trees. Canadian Journal of Forest Research vol. 34 (6) 

p.1163-1180.  http://dx.doi.org/10.1139/x04-024 

 

Halpin, C., S.C. Thain, E.L. Tilston, E. Guiney, C. Lapierre and D.W. Hopkins. 2007. Ecological impacts 

of trees with modified lignin. Tree Genetics & Genomes 3:101-110. 
 

Hancock, J.F. 2003. A framework for assessing the risks of transgenic crops. BioScience 53:512-519.  
 

Hily, J. M., Scorza, R., Malinowski, T., Zawadzka, B., and Ravelonandro, M.  Stability of gene silencing-

based resistance to Plum pox virus in transgenic plum (Prunus domestica L.) under field 

conditions.  Transgenic Res. 13:427-436.  2004 
 

James, R, DiFazio SP, Brunner A, Strauss SH (1998) Environmental effects of genetic engineering of 

woody biomass crops. Biomass & Bioenergy 14:403-414. 

 

Meunier, E., Brac de la Perrière, R.A., Craioveanu, D. and Duminicioiu, R. 2006. Transgenic Plum Tree 

Tribulations in Romania. Inf‟OGM Issue 73. 
 

Malinowski, T., Cambra, M., Capote, N., Gorris, M. T., Scorza, R., and Ravelonandro, M.  Field trials of 

plum clones transformed with the Plum pox virus coat protein (PPV-CP) gene.  Plant Disease. 

90:1012-1018.  2006. 

 

National Research Council. 2000. Genetically Modified Pest-Protected Plants: Science and Regulation. 

National Academy Press, Washington, D.C. 

 

National Research Council. 2004. Biological Confinement of Genetically Engineered Organisms. The 

National Academies Press, Washington, DC 256 pp.  
 

Slavov, G.T., S.P. DiFazio and S. Strauss. 2004. Gene flow in forest trees: gene migration patterns and 

landscape modeling of transgene dispersal in hybrid poplar. In Introgression from Genetically 

Modified Plants in Wild Relatives Eds. H. den Nijs, D. Bartsch and J. Sweet. CAB International, 

Wallingford, UK, pp. 89-106. 

 

Snow A.A., D.A. Andow, P. Gepts, E.M. Hallerman, A. Power, J.M. Tiedje, and L.L. Wolfenbarge. 2005. 

Genetically engineered organisms and the environment: current status and recommendations. Ecol. 

Applications 15:377-404. (Position statement of Ecological Society of America) 

 

Strauss, S.H. 2003. Genomics, genetic engineering, and domestication of crops. Science 300:61-62.  

 

Strauss, S.H., S.P. DiFazio and R. Meilan. 2001. Genetically modified poplars in context. Forestry Chron. 

77:271-279. 
 

 

http://www.fao.org/newsroom/en/news/2005/1000236/index.html
http://dx.doi.org/10.1139/x04-024


UNEP/CBD/BS/COP-MOP/4/INF/13 

Page 30 

 

/… 

Pharmaplants  

 

Recent literature reviews of pharmaplants, including progress to date, specific examples, and general 

trends in the field. 

 

Fischer R, Emans N.  (2000) Molecular farming of pharmaceutical proteins.  Transgenic Research 9, 279-

299. 

 

Fischer R, Stoger E, Schillberg S, Christou P, Twyman RM.  (2004)  Plant-based production of 

biopharmaceuticals.  Current Opinion in Plant Biology 7, 152-158 

 

Giddings G, Allison G, Brooks D, Carter A.  (2000)  Transgenic plants as factories for 

biopharmaceuticals.  Nature Biotechnology 18, 1151-1155 

 

Koprowski H, Yusibov V.  (2001) The green revolution:  plants as heterologous expression vectors.  

Vaccine 19, 2735-2741 

 

Ma JK, Drake PM, Christou P.  (2003)  The production of recombinant pharmaceutical proteins in plants.  

Nature Reviews Genetics 4, 794-805 

 

Ma JK, Chikwamba R, Sparrow P, Fischer R, Mahoney R, Twyman RM.  (2005)  Plant-derived 

pharmaceuticals – the road forward.  TRENDS in Plant Science 10, 580-585 

 

Recent literature reviews of the production platforms and expression systems under consideration for 

pharmaplants.  

 

Schillberg S, Twyman RM, Fischer R.  (2005)  Opportunities for recombinant antigen and antibody 

expression in transgenic plants – technology assessment.  Vaccine 23, 1764-1769 

 

Twyman RM, Stoger E, Schillberg S, Christou P, Fischer R.  (2003)  Molecular farming in plants: host 

systems and expression technology.  TRENDS in Biotechnology 21, 570-578 

 

Articles on the environmental risks associated with the release of pharmaplants and potential risk 

assessment criteria regulators could consider.  

 

Streatfield SJ. (2005) Regulatory Issues for plant-made pharmaceuticals and vaccines. Expert Rev. 

Vaccines 4(4), 591-601.  

 

Peterson RKD and Arntzen CJ. (2004) On risks and plant-based biopharmaceuticals. TRENDS in 

Biotechnology 22(2), 64-66. 

 

Howard JA and Donnelly KC. (2004) A quantitative safety assessment model for transgenic protein 

products produced in agricultural crops. Journal of Agricultural and Environmental Ethics 17, 545–

558. 

 

Kirk DD, McIntosh K, Walmsley AM, Peterson RKD. (2005)  Risk analysis for plant-made vaccines. 

Transgenic Research 14, 449-462. 

 

Sparrow PA, Irwin JA, Dale PJ, Twyman RM, Ma JK.  (2007)  Pharma-Planta: road testing the 

developing regulatory guidelines for plant-made pharmaceuticals.  Transgenic Research  (in press). 

 

Spök A. (2007) Molecular farming on the rise – GMO regulators still walking a tightrope. Trends in 



UNEP/CBD/BS/COP-MOP/4/INF/13 

Page 31 

 

/… 

Biotechnology 25(2), 74-82. Articles dealing with the release and fate of PAPs in waters and 

aquatic ecosystems 

 

Crane M., Watts C., Boucard T. (2006) Chronic aquatic environmental risks from exposure to human 

pharmaceuticals. Science of the Total Environment 367, 23-41. 

 

Boyd G.R. and Grimm D.A. (2001) Occurrence of pharmaceutical contaminants and screening of 

treatment alternatives for southeastern Louisiana. Annals of the New York Academy of Sciences 948, 

80-89. 

 

Articles on confinement and segregation of pharmaplants 

 

Auer C.A. (2003)Tracking genes from seed to supermarket: techniques and trends. Trends in Plant 

Science 8(12), 591-597. 

Daniell H. (2002) Molecular strategies for gene containment in transgenic crops. Nature Biotechnology 

20:581-586. 

 

Moschini G. (2006) Pharmaceutical and industrial traits in genetically modified crops: coexistence with 

conventional agriculture. Amer. J. Agr. Econ. 88(5), 1184–1192. 

 

Viruses 
 

Angelo, E. and Cooke, B. First synthesize new viruses then regulate their release? The case of the wild 

rabbit. Molecular Ecology 11: 2703-2709, 2002 

 

Bråve, A., Ljungberg, K.,Wahren,B. And Liu, M.A. Vaccine delivery metods using viral vectors. 

Molecular Pharmaceutics 4: 18-32, 2007  

 

Bukreyev, A.,Skiadopoulos M.H, Murphy B.R., Collins P.L.  Nonsegmented negative-strand viruses as 

vaccine vectors. Journal of Virology 80: 10293-10306, 2006 

 

Chakroudi A, Chavan R, Koyzr N and 3 other authors. Vaccinia virus tropism for primary 

hematolymphoid cell is determined by restricted expression of a unique virus receptor. J Virol 79: 

10397-10407,2005 

 

Drexler, I.,C. Staib and G. Sutter, 2004. Modified vaccinia virus Ankara as antigen delivery system: how 

can we best use its potential? Curr Opin Biotech 15, 506-512.  

 

Hansen, H., M. I. Okeke, Ø. Nilssen, and T. Traavik (2004). Recombinant viruses obtained from co-

infection in vitro with a live vaccinia-vectored influenza vaccine and a naturally occurring cowpox 

virus display different plaque phenotypes and loss of the transgene. Vaccine 23, 499-506. 

 

Hardy, C.M., Hinds LA, Kerr PJ, Lloyd ML, Redwood AJ, Shellam GR, Strive T. Biological control of 

vertebrate pests using virally vectored immunocontraception. Journal of Reproductive Immunology. 

71: 102-111, 2006. 

 

Hel Z, Nacsa J, Tsai WP. Equivalent immunogenicity of the highly attenuated poxvirus based ALUVAC-

SIV and NYVAC-SIV vaccine candidates in SIVmac251-infected macaques. Virology 304: 125-

134, 2002 

  

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Skiadopoulos+MH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Murphy+BR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Collins+PL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Hinds+LA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Kerr+PJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Lloyd+ML%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Redwood+AJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Shellam+GR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Strive+T%22%5BAuthor%5D


UNEP/CBD/BS/COP-MOP/4/INF/13 

Page 32 

 

/… 

Louz, D.,  Bergmans HE, Loos BP, Hoeben RC.  Cross-species transfer of viruses: implications for the 

use of viral vectors in biomedical research, gene therapy and as live-virus vaccines. The Journal of 

Gene Medicine 7: 1263-1274, 2005 

 

Martina BE,van Doornum G, Dorrestein GM, Niesters HG, Stittelaar KJ, Wolters MA, van Bolhuis HG, 

Osterhaus AD. Cowpoxvirus transmission from rats to monkeys. Emerg Infect Dis 12: 1005-1007, 

2006 

 

McFadden, G.  Poxvirus tropism. Nature Reviews Microbiology 3:201-2013, 2005 

 

Najera JL, Gomez CE, Domingo-Gil,E and 2 other authors. Cellular and biochemical differences between 

two attenuated poxvirus vaccine candidates (MVA and NYVAC) and role of the C7L gene. J Virol 

80: 6033-6047, 2006 

 

Okeke MI, Nilssen O and Traavik T. Modified Vaccinia virus Ankara multiplies in rat IEC-6 cells and 

limited production of mature virus occurs in other mammalian cell lines. J Gen Virol 87:21-

27,2006. 

 

Pastoret PP, Vanderplasschen A.  Poxviruses as vaccine vectors. Comp Immunol Microbiol Infect Dis. 

26:343-55, 2003.  

 

Reed KD, Melski JW, Graham MB, Regnery RL, Sotir MJ, Wegner MV, Kazmierczak JJ, Stratman EJ, 

Li Y, Fairley JA, Swain GR, Olson VA, Sargent EK, Kehl SC, Frace MA, Kline R, Foldy SL, 

Davis JP, Damon IK.  The detection of monkeypox in humans in the Western Hemisphere. N Engl 

J Med.350:342-50, 2004. 

 

Sandvik, T., M. Tryland, H. Hansen., R. Mehl, U. Moens, O. Olsvik, T. Traavik, 1998. Naturally 

occurring orthopoxviruses : potential for recombination with vaccine vectors.  J Clin Microbiol., 

36(9): 2542-2547. 

 

Shams, H. Recent developments in veterinary vaccinology. Veterinary Journal 170: 289-299, 2005. 

 

Souza, A.P.D.,L Haut, A Reyes-Sandoval, AR Pinto. Recombinant viruses as vaccines against viral 

diseases. Brazilian Journal of Medical and Biological Research 38: 509-522, 2005 

 

Srinivasan V., Schnitzlein WM and Tripaty DN. Genetic manipulation of two fowlpox virus late 

transcriptional regulatory elements influences their ability to direct expression of foreign genes. 

Virus Res 116: 85-90,2006 

 

Thiry, E., Muylkens, B., Meurens, F., Gogev, S., Thiry, J., Vanderplasschen, A., Schynts, F. 

Recombination in the alphaherpesvirus bovine herpesvirus 1. Veterinary Microbiology 113: 171-

177, 2006. 

 

Tryland, M., T. Sandvik, J. M. Arnemo, G. Stuve, O. Olsvik and T. Traavik, 1998.  Antibodies against 

orthopoxviruses in wild carnivores from Fennoscandia.  J Wildl Dis. 34(3): 443-450. 

 

Weli SC, Nilssen O and Traavik T. Avipoxvirus multiplication in a mammalian cell line. Virus Res 109: 

39-49, 2005 

 

Weli SC, Okeke MI, Tryland M,  Nilssen O and Traavik T. Characterization of avipoxviruses from wild 

birds in Norway. Can J Vet Res 68:140-145, 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Bergmans+HE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Loos+BP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Hoeben+RC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=16707063&query_hl=5&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=16707063&query_hl=5&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=12818621&query_hl=14&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=14736926&query_hl=13&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=14736926&query_hl=13&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=14736926&query_hl=13&itool=pubmed_docsum


UNEP/CBD/BS/COP-MOP/4/INF/13 

Page 33 

 

/… 

  
Annex I 

LIST OF PARTICIPANTS 

 

Co-chairs:  

 

Beate B. Ekeberg, Norway   Desmond Mahon, Canada 

 

Particpants: 

M.A. Abdelbagi, Sudan    M.M. Lewanika, the United Republic of Zambia 

A. Alvarez Morales, Mexico   H. Lillaväli, Estonia 

D. Andow, the United States of America  C. Linnestad, Norway 

E. Angulo, Spain    B. Liu, China 

J. Opuda Asibo, Unganda   Meng-Zhu Lu, China 

L. Augustina, Indonesia    Bao-Rong Lu, China 

Ph. Baret, Belgium    P. Macdonald, Canada 

M Batic, Slovenia    Esten Ødegaard, Norway 

H. Bergmans, Netherlands   Pisay Oum, Cambodia 

M. Burachik, Argentina   ` G. Ozolins , Latvia 

B.D. Cooke, Australia    L. Pearson, GIC 

L. Cree, FAO-IPPC    J. LaRosa Pereza, Cuba 

R. Devlin, Canada    L. Rudenko, the United States of America 

J. Quesada Diaz, El Salvador   M. Ruohonen-Lehto, Finland 

O. El-Tayebe, Egypt     V.E. Rusch, Argentina 

F.E.B. Elghazali, Sudan    M. Schechtman, the United States of America 

R.E. Egeba, Nigeria    R. Scorza, the United States of America 

L. Flandroy, Belgium A. Spoek, Austria 

E. Fontes, Brazil    D. Stabinsky, Greenpeace 

K. Gartland, the United Kingdom  S. Strauss, the United States of America 

H. Gaugitsch, Austria B. Tappeser, Germany 

S.H. Guzman Maldonaldo, Mexico  T. Traavik, Norway 

R. Geddy (Canada) A. Trisyono, Indonesia 

C. Gbedemah, CBD D. Xue, China  

B. Glenn, BIO     R.A. Usman, Nigeria 

K. Hindar, Norway    P.  van der Meer, PRRI  

J. Husby, Norway N. Vik, Norway 

N. Isabel, Canada    R.M. Villamil, Colombia  

M. Jahanshahi, Iran    S. Yarrow, Canada 

M. Kobayashi, OECD EHS    

K. Kudadzé, Togo     

J. Kough, the United States of America         

    

      

  



UNEP/CBD/BS/COP-MOP/4/INF/13 

Page 34 

 

/… 

 

Canada Norway Expert Workshop on Risk Assessment for Future  Applications of 

Modern Biotechnology 
 

M. Ali Abdelbagi 

Higher Council for Environment and Natural 

Resources 

Gamma Street 

Khartoum 

Sudan 

Tel: +249-912152747 

abdmali@yahoo.com 

 

Raynaldo Ariel Alverez Morales 

CIBIOGEM 

San Borja 938 

Col del Valle 

03100 Mexico City 

ralvarez@conacyt.mx 

 

David Andow 

Department of Entomology 

University of Minnesota 

St-Paul 

Minnesota 55108 

Dandow@unv.edu 

 

Elena Angulo 

Université Paris Sud XI 

Lab ESE 

Bat 362 

F-91405  

France 

Elena.angulo@u-psud.fr 

 

John Opuda-Asibo 

Department of Veterinary Public Health & 

Preventive Medecine 

Makerere University 

Kampala 

Box 7062 

Uganda 

256-41-782-313724 

opuda-asibo@vetmed.mak.ac.ug 

 

Philippe Baret 

Federal Public Service Health 

Square Victor Horta 40, box 10 

1060 Brussels 

Belgium 

Tel+32(0)10 47 37 23 

baret@gena.ucl.ac.be 

Martin Batič 

Sekretar/Secretary 

Ministrstvo za okolje in prostor/ 

Ministry of the Environment and Spatial 

Planning 

Direktorat za okolje/Environment Directorate 

Sektor za biotehnologijo/Biotechnology 

Department 

Dunajska 48, SI-1000 Ljubljana 

Tel:  +386 1 478 7402 

Fax:  + 386 1 478 7422 

martin.batic@gov.si 

 

Hans Bergmans 

GMO Office 

National Institute for Public health and the 

Environment 

PO Box 1 

Amsterdam, Netherlands 

Tel:+31 302744195 

Hans.Bergmans@rivm.nl 

 

Mr. Moisés Burachik 

Av Paseo Colon 922, 2nd floor, Of. No 427 

C1063ACW 

Buenos Aires, Argentina 

Ph: 54-11-4349-2074 

Fax:54-11-4349-2178 

mburac@mecon.gov.ar; 

mobura@fbmc.fcen.uba.ar 

burachik225@yahoo.com 

 

B.D. Cooke 

Invasive Animals Cooperative Research Centre 

University of Canberrs 

ACT 2601, Australia 

Cookebcons@yahoo.com.au  

Brain.cooke@Canberra.edu.au 

 

Lesley Cree 

International Plant Protection Convention 

Plant Health Division 

Canadian Food Inspection Agency 

59 Camelot Drive 

Nepean, Ontario 

Canada 

Tel: 613-221-3780 

Creel@inspection.gc.ca 

mailto:abdmali@yahoo.com
mailto:ralvarez@conacyt.mx
mailto:Dandow@unv.edu
mailto:Elena.angulo@u-psud.fr
mailto:opuda-asibo@vetmed.mak.ac.ug
mailto:baret@gena.ucl.ac.be
mailto:martin.batic@gov.si
mailto:Hans.Bergmans@rivm.nl
mailto:mburac@mecon.gov.ar
mailto:mobura@fbmc.fcen.uba.ar
mailto:burachik225@yahoo.com
mailto:Cookebcons@yahoo.com.au
mailto:Brain.cooke@Canberra.edu.au
mailto:Creel@inspection.gc.ca


UNEP/CBD/BS/COP-MOP/4/INF/13 

Page 35 

 

/… 

Robert Devlin 

Fisheries and Oceans Canada 

4160 Marine Drive West 

Vancouver B.C. Canada 

Tel: 1-604-666-7926 

devlinr@dfo-mpo.gc.ca 

 

Rufus E. Ebegba  

Federal Ministry of Environment\Environment 

House 

Independence Way (South) 

Central Area, P.M.B. 468 

Garki – Abuja 

Nigeria 

2348033147778 

rebegba@hotmail.com 

 

Beate Berglund Ekeberg  

Ministry of the Environment 

Department of Nature conservation 

Division on Biodiversity and Biotechnology 

P.O. Box 8014 Dep 

0032 Osco Norway 

Tel: 47 22 2458 75 

Fax: 47 22 2427 56 

Be@md.dep.no 

 

Ossama M. El-Tayebe 

Faculty of Pharmacy, Cairo University 

51 kasr El-Aini Street 

Cairo 11562 

Egypt 

202-362-0122 

omtayeb@link.net 

 

Fahad Eltayeb Bushra Elghazali  
P.O. Box 1196 

Khartoum 

Sudan 

+249-87-551276 

fahghazal@mailcity.com 

 

Lucette Flandroy 

Federal Public Service Health 

FCS and Environment 

DG Environment 

Victor Horta Square 40, box 10 

1060 Brussels – Belgium 

Ph: 32 -2 524 96 22 

Lucette.flandroy@health.fgov.be 

 

 

Eliana Fontes  

Embrapa Genetic Resources and 

Biotechnology/Cenargen 

PqEB W5 Norte (Final) 

CEP 70770-900 

Brazil 

+55-61-3448-4793 

eliana@cenargen.embrapa.br 

 

Kevan Gartland 

School of Life Sciences 

Glasgow Caledonian University 

Govan Mbeki Health Building 

Cowcaddens Road 

Glasgow 

G4 0BA 

Scotland UK 

Tel: +44 (0)141 331 3120  

fax: +44 (0)141 331 3500 

Kevan.Gartland@gcal.ac.uk 

 

Helmut, Gaugitsch 

Federal Environment Agency 

Spittelauer Laende 5 

1030 Vienna Austria 

Tel: +43 – 1-13104-3133 

Fax:+43-1-31304-3700 

helmut.gaugitsch@umweltbundesamt.at 

 

Charles Gbedeman  
Head Biosafety Unit 

Secretariat Convention on Biological Diversity 

413 St. Jacques St 

Suite 800 

Montreal, Quebec H2Y 1N9 

Tel 514-287 7032 

charles.gbedemah@cbd.int 

 

Racheal Geddy 

Canadian Food Inspection Agency (CFIA) 

Plant Biosafety Office 

Camelot Court - Floor: 3 - Room: 339 W  

59 Camelot Drive 

Ottawa, Ontario  

Canada, K1A 0Y9  

Tel:  613 221-4304 

geddyr@inspection.gc.ca  

 

 

 

 

 

mailto:devlinr@dfo-mpo.gc.ca
mailto:rebegba@hotmail.com
mailto:Be@md.dep.no
mailto:omtayeb@link.net
mailto:fahghazal@mailcity.com
mailto:Lucette.flandroy@health.fgov.be
mailto:eliana@cenargen.embrapa.br
mailto:Kevan.Gartland@gcal.ac.uk
mailto:elmut.gaugitsch@umweltbundesamt.at
mailto:charles.gbedemah@cbd.int
mailto:geddyr@inspection.gc.ca


UNEP/CBD/BS/COP-MOP/4/INF/13 

Page 36 

 

/… 

Barb Glenn  
Biotechnology Industry Organization Managing 

Director, 

Animal Biotechnology 

Food and Agriculture 

Biotechnology Industry Organization1201 

Maryland Avenue,  

SW  Suite Washington, D.C.  20024 

bglenn@bio.org 

 

Salvador Horacio Guzmán Maldonado  

Research Institute for Forestry Agriculture and 

Livestock (INIFAP) 

Km 6.0 Carretera Celaya – San Miguel Allende 

C.P. 38010 

Celaya, GTO 

Mexico A.P. 112 

Tel: 01-461-611-5323 

Fax: 01-461-611-5431  

guzman.horacio@inifap.gob.mx  

sguzman76@hotmail.com 

 

Kjetil Hindar 

Norwegian Institute for Nature Research 

(NINA) 

N-7485 Trondheim 

NORWAY 

Hnidarina@nina.no 

 

Jan Husby 

Senior Adviser 

Directorate for Nature Management 

Tungasletta 2 

Trndheim 

Norway, N-7485 

+ 47-73-58-0500 

+ 47-73-58-0501 

Jan.husby@dirnat.no 

 

Nathalie Isabel 

Research scientist Ressources naturelles Canada,  

Natural Resources Canada, Canadian Forest 

Service,  

Laurentian Forestry Centre 

1055 rue du P.E.P.S., C.P. 10380 

succ. Sainte-Foy, Québec (Québec),  

Canada G1V 4C7  

Tel : 418- 648-7137   

Fax : 418- 648-5849  

nisabel@cfl.forestry.ca  

 

 

Mohsen Jahanshahi 

The secretariat of National Biosafety Council, 

 Department of Environment, Hakim Highway, 

P.O. Box: 15781, Tehran, Iran  

Tel/Mob: +98 (0) 111 3234204 / +98 (0) 911 

3111076 

Fax: +98 (0) 111 3234201  

MJahanshahi@irandoe.org MJahan@nit.ac.ir 

mmohse@yahoo.com 

 

Masatoshi Kobayashi 
Environment, Health and Safety Division  

Environment Directorate  

Organisation for Economic Co-operation and 

Development  

2, rue André-Pascal, 75775 Paris Cedex 16, 

France  

Tel +33 (0)1 45 24 76 19  

Fax +33 (0)1 45 24 16 75  

Masatoshi.KOBAYASHI@oecd.org 

 

John Kough 

Iopesticides and Pollution Prevention Division  

(mailcode 7511-P) U.S. 

Environmental Protection Agency  

1200 Pennsylvania Avenue NW 

Washington, D.C. 20460 

Tel:703-308-8267; 

fax 703-308-7026 

Kough.johnpamail@epa.gov 

 

Kodjo Kudadzé  

Coordonateur National 

Direction de la Faune et de la Chasse 

BP 355 Lomé, TOGO 

(002228)221-33 

Tel: +228 221 3303 

Fax: +228 221 5197)  

kodaul@yahoo.fr 

  

Mwananyanda  Mbikusita Lewanika  
Executive Director 

National Institutefor Scientificand Industrial 

Research(NISIR) 

International Airport Road 

P.O. Box 310158, Chelston 

Lusaka, Zambia, 15302 

Tel: +260 1 281 013 

Fax: +260 1 283 533, +260 1 281 084  

mmlewanika@nisir.org.zm, 

sanyanda@hotmail.com 

 

mailto:bglenn@bio.org
mailto:guzman.horacio@inifap.gob.mx
mailto:sguzman76@hotmail.com
mailto:Hnidarina@nina.no
mailto:Jan.husby@dirnat.no
mailto:MJahanshahi@irandoe.org
mailto:MJahan@nit.ac.ir
mailto:mmohse@yahoo.com
mailto:Masatoshi.KOBAYASHI@oecd.org
mailto:Kough.johnpamail@epa.gov
mailto:kodaul@yahoo.fr
mailto:mmlewanika@nisir.org.zm
mailto:sanyanda@hotmail.com


UNEP/CBD/BS/COP-MOP/4/INF/13 

Page 37 

 

/… 

Hardo Lilleväli 

Ministry of Environment 

Nature Conservation Department 

Narva mnt 7a - 329 

Tallinn 15172, Estonia 

Tel: +372 626 2886 

Fax : +372 626 2901 

mobile +372 56 49 42 47 

hardo.lillevali@envir.ee 

 

Casper Linnestad   

Dr. scient., senior adviser 

Norwegian Biotechnology Advisory Board, 

P.O.Box 522 Sentrum 

NO-0105 Oslo, Norway 

casper.linnestad@bion.no 

 

Biao LIU  

Nanjing Institute of Environmental Science, 

SEPA 

P.O.Box 4202, Nanjing 210042 

PR China 

Tel. ++86 25 8528 7064 

Fax: ++86 25 8541 1611 

Email:liubiao8@sina.com,  

 

Agustina LULU 

Ministry of Environment of the Republic of 

Indonesia Jl. 

 D.I. Panjaitan Kav. 24 Build. B Floor 4th 

Kebon Nanas, Jakarta Timur 13410  

Tel. +62 21 8517163 Fax.  +62 21 85905770 

HP.   +628128144628 

lulu_sahari@menlh.go.id 

 

Bao-Rong Lu   

Professor and Chairman 

Dept. of Ecology and Evolutionary Biology  

School of Life Sciences, Fudan University 

220 Handan Road, Shanghai 200433 

P. R. China 

Tel & Fax: +86-21-65643668 (O) 

brlu@fudan.edu.cn 

Lubaorong25@yahoo.com.cn 

 

Meng-Zhu Lu 

Research Institute of Forestry  

Chinese Academy of Forestry 

Wan Shou Shan 

Beijing 100091 

D.R. China 

lumz@caf.ac.cn 

Philip Macdonald 
National Manager, Biotechnology 

Environmental Release Assessments, 

Canadian Food Inspection Agency 

Government of Canada  

159 Cleopatra Drive  

Ottawa ON K1A 0Y9 

Tel :(613) 221-7002 Fax :(613) 221-7296 

www.inspection.gc.ca 

pmacdonald@inspection.gc.ca 

 

Desmond Mahon 

National Focal Point Cartagena Protocol 

351 St Joseph Blvd. 

Place Vincent Massey 7th Floor 

Hull, Quebec K1A 0H3 

Tel (819)-997-3181 

e-mail des.mahon@ec.gc.ca 

 

Esten Ødegaard 

Directorate for Nature Management 

N-7485 Trondheim 

Norway 

Phone: +47 73 58 0732 

esten.odegaard@dirnat.no 

 

Pisey  Oum   

#48, Samdech Preah Sihanouk Ave 

Khan Chamkarmon, Phnom Penh 

Cambodia. 

855-12-702239 

012-702239 

piseyoum@hotmail.com 

 

G. Ozolins 

Jaunkeizari, Baldones Lauka 

Terriotija Rigas rajons 

Riga 

LV 205 

Latvia 

Tel: 371 292-29686 

Gatis.Ozolins@pvd.gov.lv 

 

Les Pearson  
ArborGen 

Global Industry Coalition 

PO Box 840001 

Summerville, SC  29484-8401 

United States of America 

lxpears@arborgen.com 

 

 

mailto:hardo.lillevali@envir.ee
mailto:casper.linnestad@bion.no
mailto:liubiao8@sina.com
mailto:lulu_sahari@menlh.go.id
mailto:brlu@fudan.edu.cn
mailto:Lubaorong25@yahoo.com.cn
mailto:lumz@caf.ac.cn
http://www.inspection.gc.ca/
mailto:pmacdonald@inspection.gc.ca
mailto:des.mahon@ec.gc.ca
mailto:nina.vik@dirnat.no
mailto:piseyoum@hotmail.com
mailto:lxpears@arborgen.com


UNEP/CBD/BS/COP-MOP/4/INF/13 

Page 38 

 

/… 

Julia Andrea La Rosa Peraza  

National Center for Biological safety 

Ministry of Science, Technology and 

environment 

Ph: (537) 2023281,2031935 ext 202 and 205 

Fax: (537) 2023255 

julia@orasen.co.cu 

 

Dr. Jorge Ernesto Quezada Díaz  

Ministry of Environment and Natural Resources 

Edificio MARN, Instalaciones ISTA 

San Salvador, El Salvador 

(503)2 267 9326 

jordiquebu@yahoo.es 

 

Larissa Rudenko 

Larisa Rudenko, PhD DABT 

Senior Advisor for Biotechnology 

DHHS/FDA/CVM/ONADE/HFV-100 

Room E302 MPN2 

7500 Standish Place  

Rockville, MD 20855  

dd: 301 827-0204 Please note new number  

larisa.rudenko@fda.hhs.gov 

 

Verónica Elena Rusch  

27 de febrero de 1960 

Con Con 7890, CC 1842,  

8400 Bariloche 

Argentina 

Tel : 02944-42736 

vrush@bariloche.inta.gov.ar  

 

Marja Ruohonen-Lehto 
Senior Adviser, PhD 

Finnish Environment Institute (SYKE) 

Chemicals Division 

P.O.Box 140, FIN-00251 HELSINKI, Finland 

+358-400-148 641 (mobile) 

+358-20-490 123 (operator) 

+358-20-490 2591 (fax) 

marja.ruohonen-lehto@ymparisto.fi 

 

Michael Schechtman 

USDA/ARS/OPMP 

South Building Room 3907, Mail Stop 0315 

1400 Independence Ave., SW 

Washington, DC  20250. 

Biotechnology Coordinator 

Ph: +1-202-720-3817 

Fax: +1-202-690-4265 

Michael.Schechtman@ars.usda.gov 

 

Ralph Scorza 
Lead Scientist 

Genetic Improvement of Fruit Crops 

USDA – ARS Appalachian Fruit Research 

Station 

2217 Wittshire Rd. 

Kearneysville, WV 25430 

Tel: 304-725-3451 ext 322 

Fax: 304-728-2340 

http://ars.usda.gov/naa/afrs 

Ralph.scorza@ars.usda.gov 

 

Armin Spoek  

IFZ - Interuniversitaeres Forschungszentrum für 

Technik,  

Arbeit und Kultur Inter-University Research 

Centre for Technology,  

Work and Culture Schloegelgasse 2, A-8010 

Graz, Austria 

Tel./Phone: +43/316/813909-41; Fax: 

+43/316/812661-11 

spoek@ifz.tugraz.at 

 

Doreen Stabinsky 

Greenpeace International 

421 Sound Drive 

Mt. Desert, ME 04660 

United States 

Ph:+1 207-276-5284Fax: +1 202 285 7398 

doreen.stabinsky@dialb.greenpeace.org  

 

Steven H. Strauss  

Dept. of Forest Science 

 OSURichardson HallCorvallis, 

OREGON 97331-5752 USAPhone:   

541 737 6578, Fax:  541 737 1393, Cell:  541 

760 7357  

Steve.Strauss@OregonState.Edu  

 

Beatrix Tappeser  

Agency for Nature Conservation Head of 

Division II 

2.3 GMO-Regulation, Biosafety 

Konstantinstr. 110 

D - 53179 Bonn 

Germany 

Tel: 0049-228-8491 1860 

Fax 0049-228-8491 1869 

Beatrix.Tappeser@bfn.de 

 

mailto:julia@orasen.co.cu
mailto:jordiquebu@yahoo.es
mailto:larisa.rudenko@fda.hhs.gov
mailto:vrush@bariloche.inta.gov.ar
mailto:marja.ruohonen-lehto@ymparisto.fi
mailto:Michael.Schechtman@ars.usda.gov
mailto:Ralph.scorza@ars.usda.gov
mailto:spoek@ifz.tugraz.at
mailto:Peter.kearns@oecd.org
mailto:Steve.Strauss@OregonState.Edu
mailto:Beatrix.Tappeser@bfn.de


UNEP/CBD/BS/COP-MOP/4/INF/13 

Page 39 

 

 

 

Terje Traavik 

Scientific Director 

Norwegian Institute of Gene Ecology 

PB 6418 

9294 Tromsø,  

Norway 

Tel: (+47) 77 64 43 79 

Mobile: (+47) 95 81 75 37 

Fax: (+47) 77 64 61 00 

terjet@genok.org 

 

Y. Andi Trisyono 

Deparment of Crop Protection 

Faculty of Agriculture of Gadjah Mada 

Yogyakarta 55281, Indonesia 

Andi_trisyono@yahoo.com 

 

Raheef Ademola Usman  

Federal Ministry of Environment 

Environment House Brown Building 

P.M.B. 468 

Abuja 

rusmanson@yahoo.com 

 

Piet van der Meer 

Executive Secretary 

PRRI 

c/o HORIZON sprl 

Rue d`Alaumont 16 

B-1380 lasne 

Belgium 

Pietvandermeer@cs.com 

 

Nina Vik 

Directorate for Nature Management 

N-7485 Trondheim 

Norway 

Phone: +47 73 58 06 17 

Mobile: +47 916 76 389 

nina.vik@dirnat.no 

www.dirnat.no 

Rodrigo Moreno Villamil 

Calle 43 no.7-52 apto.202 

Bogota 

Tel: (571)2886821 

rmoreno@minambiente.gov.co 

rodrigomorenov@hotmail.com 

 

Dayuan XUE 

Professor 

Nanjing Institute of Environmental Science 

State Environmental Protection Administration 

of China 

8 Jiang-wang-miao Strret, P.O.Box 4202 

Nanjing 210042, China 

Fax: +86 25 8541 1611; +86 10 6893 1632 

xuedayuan@hotmail.com 

 

S. Yarrow 

Director 

Canadian Food Inspection Agency (CFIA) 

Plant Biosafety Office 

Camelot Court - Floor: 3 - Room: 339 W  

59 Camelot Drive 

Ottawa, Ontario  

Canada 

K1A 0Y9  

Tel:  613 221-4390  

Fax: 613 228-6140  

syarrow@inspection.gc.ca 

 

 

 

 

 

 

 

 

 

 

 

 

 

------ 

 

 

mailto:terjet@genok.org
mailto:Andi_trisyono@yahoo.com
mailto:rusmanson@yahoo.com
mailto:Pietvandermeer@cs.com
mailto:nina.vik@dirnat.no
http://www.dirnat.no/
mailto:rmoreno@minambiente.gov.co
mailto:rodrigomorenov@hotmail.com
mailto:xuedayuan@hotmail.com
mailto:syarrow@inspection.gc.ca

