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1. At the request of the Government of Canada, theclike Secretary is pleased circulate
herewith, for the information of participants iretfourth meeting of the Conference of the Partiethe
Convention on Biological Diversity serving as theeting of the Parties to the Cartagena Protocel, th
report of the Canada-Norway Expert Workshop on Riskessment for Emerging Applications of Living
Modified Organisms, which was held in Montreal frdnto 6 June 2007.

2. The Workshop was organized to generate informatioassist the discussion on the potential
need for additional guidance on specific aspectsisif assessment and risk management of living
modified organisms, such as guidance focused aicplar types and particular intended uses of gvin
modified organisms at the fourth meeting of the f€mmce of the Parties serving as the meetingef th
Parties of the Protocol.

3. The report is being circulated as it was receivethfthe Government of Canada.

* UNEP/CBD/BS/COP-MOP/4/1.
...

In order to minimize the environmental impacts loé tSecretariat’s processes, and to contribute eoSEnretaryseneraJl;I

initiative for a C-Neutral UN, this document ismted in limited numbers Delegates are kindly requested to bring theji
to meetings and not to request additional copies.
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REPORT OF THE CANADA-NORWAY EXPERT WORKSHOP ON RISK ASSESSMENT
FOR EMERGING APPLICATIONS OF LIVING MODIFIED ORGANI SMS
4 - 6 JUNE 2007, MONTREAL, CANADA

The third meeting of the Conference of the Pagmwing as the meeting of the Parties of the Carnag
Protocol on Biosafety considered the issue of amdit guidance on risk assessment. Based on the
Report of the Ad Hoc Technical Expert Meeting oskRAssessment held in Rome 2005, the meeting
decided that at this time the priority issue foe theeting of Parties was the provision of trainamgl
implementation of the risk assessment/risk manageprevision of the Protocol on a general basie Th
decision did however identify that there are patdngaps in the guidance for risk assessment for
emerging applications of modern biotechnology, rngnmetrees, fish, veterinary applications and s$pec
plant varieties. The issue of additional guidandebe addressed at the fourth meeting of Parti2008.

Norway, supported by Canada, offered to host a st on risk assessment for emerging applications
of modern biotechnology, with the objective of fhivision of information to assist the discussian o
risk assessment and risk management at the fow#timg of the Conference of the Parties servindas
meeting of the Parties to the Protocol.

The workshop addressed available guidance on gsksament for emerging applications of modern
biotechnology, identification of gaps in informati@r science that could impact on appropriate risk
assessments and appropriateness of current madeisk assessment applied to emerging applications
Although the Protocol addresses risk assessmentgdiatained use and environmental release, the
discussion was focussed on risk assessments fopemental release and for field trials as a ptyori

The workshop adopted the following recommendatiatsch are also contained in Part C of the report:

» The general principles and methodologies for riskeasment contained in Annex Il to the
Cartagena Protocol also apply to transgenic fistest viruses and pharmaplants.

» There is insufficient guidance on how to perforskrassessment for GM fish and viruses.

» There may be a need to develop specific methodedagmd specific protocols for generating data
necessary to conduct risk assessments for theefapplications of modern biotechnology,
especially for transgenic fish, trees and viruses.

» All risk assessments of living modified organisrhewd be conducted on a case-by-case basis as
the impacts depend upon the trait inserted, thpiestt organism and the environment into which
it is released.

» There is a need for additional data on several eésnnecessary to conduct risk assessments for
all four types of transgenic organisms (fish, traésises and pharmaplants). Further research is
recommended to fill the knowledge gaps, inter d&lia specific gaps identified during the
workshop.

» Field trials may be a useful tool to generate datghe impacts of living modified organisms, but
may give raise to particular concerns. Alternativedels for generating data, as well as
containment and confinement measures should beideved when appropriate. Baseline
information on the specific organism in questionesy important for risk assessments.

» There is value in considering the differences betwiighly managed systems such as cultivated
fruit trees and the more variable cases such a® domest systems and animal wildlife, and
whether the recipient organisms are domesticatedji-domesticated or non-domesticated
species.

» Existing guidelines, methodologies, baseline infation and risk assessments should be made
readily available through the Biosafety Clearingus® and other relevant international databases.
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PROCEEDINGS
I INTRODUCTION

1. The Conference of the Parties serving as the ngeefithe Parties to the Cartagena Protocol on
Biosafety considered, at its third meeting, theuésof the need for additional guidance on risk
assessment. Based on the report of the Ad hocnieattExpert Meeting on Risk Assessment under the
Cartagena Protocol on Biosafety, held in Rome fi@nto 18 November 2005, the Conference of the
Parties serving as the meeting of the PartiesddPtiotocol decided that there was no need for iaddit
general guidance but that the provision of spedificdance on risk assessment might be of use.
Consequently the Government of Norway, supportedheyGovernment of Canada, hosted the present
workshop on risk assessment for emerging applicatid modern biotechnology.

2. The workshop addressed the available guidance gin assessment and identified gaps in
information and science that could have and impactboth appropriate risk assessments and the
appropriateness of current models for risk assasswieen applied to emerging applications of modern
biotechnology. It was expected that the presentrtepould be submitted to the fourth meeting of the
Conference of the Parties serving as the meetinghefParties to the Protocol, as an information
document.

I PROCEDURAL REPORT

3. The workshop met from 4 to 6 June 2007 at the Headegrs of the International Civil Aviation
Organization in Montreal, Canada.

4, 62 experts were present, including experts fromregrtbhe Parties to the Protocol, from other
Governments, and from relevant organizations. Alfsi of the participants is contained in annexdl
the present report.

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

She welcomed the participants and thanked the gment of Canada for co-hosting the workshop with
Norway. She also thanked the Executive Secretatii@fConvention on Biological Diversity as well as

the members of the steering committee, the chaitseoworking groups and those making presentations
She noted that the workshop coincided with WorldiEEmment Day, being hosted by Norway on 5 June
2007, and observed that the theme of the workshopo& the World Environment Day were to some

extent related.

6. Ms. Ekeberg said that risk assessment was one afotte elements of the Protocol. It was needed
to contribute to an adequate level of protectioairegt adverse effects on biological diversity, takalso
into account risks to human health, and was thushportant first step in achieving the objectivéshe
Protocol. She observed that risk assessment inddive identification of potential adverse effedte
assessment of the likelihood that such effects avoatur, as well as the assessment of the conseggien
that might arise from those effects should theyuoccThe purpose of the workshop was to identify
available guidance on risk assessment. As risksassmnt required scientific knowledge, it was neagss

to establish what was known and what was not knoWhus risk assessment also had to address
uncertainties, and the possible gaps in existingM@dge, as well as the appropriateness of thesurr
models of risk assessment. The objective of théoPob could only be achieved when decisions on
whether or not to allow production and use of liyimodified organisms (LMO) are based on scientific
knowledge and the precautionary principle in casksscientific uncertainty. The outcome of the
workshop would provide a valuable input for diseossof risk assessment by the fourth meeting of
Conference of the Parties serving as the meetitigeoParties to the Protocol.

7. Ms Pat Dolan, Executive Director of the Outreachd @iodiversity Priority Directorate of
Environment Canada, also welcomed the participantbehalf of the Government of Canada. She said
that the subject of the workshop was both timelg aignificant as governments were being asked why

...



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

dangerous and risky activities were being allow@dvernments had to make decisions on whether new
technologies were acceptable and to achieve tlththeay also needed to have a realistic assessrhent o
the risks posed by new technologies. They neealéx table to make decisions about the types of risk
and the levels of risk involved with science andvriechnologies, and expert advice was needed that
explained both the science and facts, or the ladkais. Ms. Dolan also noted that the sciencesi
assessment was evolving rapidly and she hopedhbatorkshop would provide additional guidance on
that subject.

8. Mr. Charles Gbedemah, welcomed participants on Ibatfathe Executive Secretary of the
Convention on Biological Diversity, Dr. Ahmed Djdgh and extended warm thanks to the governments
of Norway and Canada for organizing and fundingwlekshop. Mr. Gbedemah recalled the guidance
provided by the Sixth Conference of the Partiesh® Convention regarding the priority of providing
training and capacity-building for biosafety-rethtask assessment and risk management. He said that
guidance was also required to deal with risk assess for emerging applications of modern
biotechnology. It was further necessary to idengfps in information or science that could have an
impact on proper risk assessment, and to examieeafpropriateness of existing models for risk
assessment in relation to contained use and emvental release. In closing, Mr. Gbedemah extended
special thanks to the members of the Workshop'sristg Committee, and wished participants fruitful
deliberations.

9. The meeting adopted its agenda on the basis gbrthasional agenda proposed by the steering
committee.

10. Ms Beate Ekeberg (Norway) and Mr. Desmond Mahonné@da) served as co-chairs of the
workshop.

11. Mr. Mahon gave participants a brief overview of tiwerkshop’s context, organization and
objective. He stressed that the workshop was dedidn gather the participants’ specific scientific
advice. No policy issues would be discussed, andcomsensus on the issued would be required.
Mr. Mahon also said that the background documentshe four topics of the workshop that had been
distributed to the participants before the meetimge only intended as introductions to the topars]
were not intended to be definitive or govern th&cdssions. The desired output of the workshopavas
document containing broad recommendations arisirighba fact-based scientific approach informed by
the personal perspective of the experts in atteselafhe recommendations would be compiled and
presented as an information document to the fomebting of the Conference of the Parties serving as
the meeting of the Parties to the Protocol as ifguthe negotiations and discussions on risk assest.

12. At its first plenary session, the workshop estdlglds four working groups: Working Group |,
with Dr. Marja Ruohonen-Lehto (Finland) as chaionsidered the issue of transgenic fish; Working
Group Il, with Dr. Bao-Rong Lu (China) as chair,ns@ered the issue of transgenic trees; Working
Group Ill, with Dr. M. Burachik (Argentina) as clnaconsidered the issue of pharmaplants; and Wgrkin
Group IV, with Dr. H. Gaugitsch (Austria) as chaignsidered the issue of genetically modified \@aus
for the management of animal populations.

13. At its first plenary session the workshop also Hgaresentations on subjects of transgenic fish,
by Dr. R. Devlin, and transgenic trees, by ProMKA. Gartland.

14, At its second plenary session on 5 June 2007 thkslvop heard presentations on the subject of
pharmaplants, by Dr. A. Alvarez-Morales, and onajeally modified viruses for the management of
animal populations, by Dr. T. Traavik.

15. Discussions that took place in the working grouges raflected in section Il A of the present
report.
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16. At its third plenary session on 6 June 2007 thekalnop considered the reports by the chairs of
the working groups on the discussions that hadntgikece on the subjects of transgenic fish and
transgenic trees. The reports of the chairs, db/@aended by the participants, are containeceirtisn

Il B to the present report as the conclusionshefworkshop on those subjects.

17. During the adoption of the report of the workingogp on genetically modified trees, one
participant who had not been present during theudisions of that working group made a comment. In
order to avoid reopening the debate, it was prapbygethe Co-chair that the comment be includedhén t
report of the meeting.

18. The comment related to the issue of field trialsgefetically modified trees. The participant
expressed his understanding that very high risk® wesolved, and stated that some experts recognize
that it was important to identify high risk casdsgenetically modified trees that should not bedstd
using flowering trees in open field trials

19. At its fourth plenary session on 6 June 2007 thekslwop considered the reports of the chairs of
the working groups on the discussions that hadhtakace on the subjects of pharmaplants and thefuse
genetically modified viruses for the managementwimal populations. The reports of the chairs, as
orally amended by the participants, are containesection Ill B to the present report as the casiohs

of the workshop on those subjects.

20. During the adoption of the report of the workinggp on pharmaplants, it was decided that some
of the proposed amendments that were not incomparaito the final working group report could be
included in the text of the procedural report fug meeting as a whole.

21. One such comment related to the fact that guidémceisk assessment could become unclear
with regard to effects on human health. Particylaith regard to risk assessment of pharmaplanieas
important to remember that humans should be segramof the environment, and that, for instance,
health effects should be seen in the context of faorkers exposed to pharmaplants.

22. With regard to the elements to be included in askessments, one participant stated that, in his
opinion, it was always appropriate to include getadbility, and that gene stability should furthersbe
followed up during monitoring and risk management.

23. In relation to the issue of the risks associateith @xpression of the pharmaceutical compound in
pharmaplants, one participant pointed out thatefiigiency of tissue specificity for expression af
compound could be highly important to considerdlation to potential feeding of animals on somdar
of the concerned plant.

24. In the section on issues to take into considerdbomisk management, one participant wished to
include a statement to the effect that risk managgmethods were typically very important for wial
involving pharmaplants.

25. In the same section, some indicated that ease dffmacy of confinement measures may
increase as scale decreases.

26. At its fourth session the co-chairs also preserdedhair's text for consideration by the
participants as the recommendations of the workshidpe recommendations of the workshop, as orally
amended by the participants, are reflected in@edti C to the present report.

27. The workshop held four plenary sessions and eackimgpgroup held two sessions.

28. After the customary exchange of courtesies, theksfmp was closed at 6:00 p.m. on
Wednesday, 6 June 2007.
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[l. SUBSTANTIVE REPORT
A. Consideration of issues of risk assessment
Transgenic Fish

29. Dr. R. Devlin introduced the subject of living méidd fish , hereafter referred to as transgenic
fish, during the first plenary session of the wiwdqs on 4 June 2007. The issues addressed inctbded
scope of genetically engineered aquatic organigmassgenic fish models for environmental risk
assessment research, the information needs andragpeal approaches for risk assessment, modelling,
the major issues affecting reliability of laboratairiven risk assessment data, containment stegeggid
their efficacy, and the perceptions of the medidustry and the public. He reminded the partidipan
that sixty-eight per cent of all fish extinctiomsthe previous century in North America had resuftem

the introduction of foreign species. The introdetof fish with novel characteristics into ecogyas
was therefore of concern because major ecologisaltions could occur that would be difficult to
predict. Among the issues to be considered weeerifk of escape from physical containment, theddir
effects of escaped fish on the ecosystem, andustised effects of interbreeding and persisterice o
transgenic fish.

30. Dr. Devlin explained that risk assessment dataccaliffer depending upon the traits being
modified. Currently genes were being transferredrémsgenic fish to modify: metabolism, growth,
reporters, development, physiology, susceptibiitylisease and reproduction. He also noted thvahst
neither currently allowed, nor was it desirablerdlease fertile genetically modified fish into thatural
environment for assessment of the ecological caresaps of survival and reproductive fitness. kxdte
individual characteristics would need to be examlinaeder controlled laboratory conditions, or in sem
natural environments. Non-transgenic animal sutesgeould also be used.

31. The limitations of predictions made from laborat@studies resulted from the inability to
determine the magnitude of real-world effects. Gypgp fithess effects arising from the genetic
modification, as well as undetected pleiotropieef§ meant that there were large assumptions assaci
with converting laboratory observations into evétuas of true fithess consequences. He stressed tha
nature was vastly more complex than the laboratog noted that background genetics might also
influence the expression of a transgene. Whilerkatory risk assessment data could identify thed®iat
work, it could not identify their true magnitudesnature.

32. Working Group | took up the issue of transgenib fisd at its first session the chair, Dr. Marja
Ruohonen-Lehto, reminded the participants thatpingose of the workshop was to provide scientific
guidance and suggested that the participants @sedhtral term impact or effects rather than harm o
hazard in their deliberations.

33. In the discussion that followed it was noted thetré were varying perceptions of the benefits of
transgenic fish. One area of concern was the digpand invasion of transgenic fish into new habita
However it was pointed out that it was uncleardms participants whether the dispersal of thedistie
gene was at issue. It was asked whether the emsphas being placed on the pathway or the outcome.

34. What made fish different was that they were not elsticated and that they move freely. Issues
of the containment, management and control of tlggation of fish were therefore of importance. @&en
flow to related species, and effect of transgeisic 6n whole ecosystems, also raised concernst avaki
suggested that data on the food web, disease, titimpeand predators were required. It was aldb fe
that the differences in the effects of aquacultuhe release into the environment and land-based
aquaculture needed to be considered further, aissliés of detection and biomarkers.

35. The specific impact and effect of transgenic figieded to be compared with non-transgenic fish
in the context of each species, but it was notathihnile there was information on salmon, there lgas
information on other species of fish. While basgvlogical studies were needed for all fish, it was
suggested that salmon could be used as a casetstgdyinsight into the broader questions to beds

...
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Others felt that there was a need for case stumigend the study of salmon, and that other geoggaph
areas had to be considered as well.

36. A need for reliable models for ecosystems was iadicated. In the case of salmon, because of
unknown variables, none of the models used in theipus century had predictive value. Models had t
be based on detailed knowledge of the environmieey tepresented and are only as useful as the
information on which they were based. It was sstggthat there was a need for systematic studies o
the environments in question. It was also poimtgttthat models were developed that addresseddiffe
levels of organization, including physiological,otagical, and genetic and for the evaluation of the
ecosystem.

37. Some participants expressed concern that the ingfattansgenic fish on human health was
being overlooked and stressed that it was impottacbnsider how people responded to transgertic fis
as well as the use of transgenic fish as fooevalt also noted that article 26 of the Protocoltdesh the
socio-economic considerations arising out of the afsliving modified organisms and it was suggested
that it was important to consider those issuesels w

38. Some participants also expressed concern at tkeofaclarity in the terms being used and said
that when engaging in risk assessment it was irapbto know what questions were really being asked.
They also wondered whether the working group wadicating the work of theCodex Alimentarius
Commission on transgenic food or of the Organisafar Economic Co-operation and Development
(OECD) on transgenic salmon. Others however notett the work of theCodex Alimentarius
Commission excluded the environmental impacts ariggenic food and that the work of the OECD on
transgenic salmon was a compilation of data anchdidieal with risk assessmqudr se The participants
were informed that the OECD working group had astirted its work on risk assessment considerations,
and that the results of that work would be prestseparately.

39. Following the discussion the chair said that sheld/prepare a text on conclusions reflecting the
issues that had been raised during the discussioprésentation to the third plenary session of the
workshop. She asked those who wished to parteipatthe drafting of the text to meet with her

informally.

Transgenic Trees

40. Prof. K.M.A. Gartland introduced the subject ofitig modified trees, hereafter referred to as
transgenic trees, during the first plenary sessibthe workshop on 4 Junes 2007. He began his
presentation by pointing out that, for the purpostsisk assessment, trees could be seen as bigger,
longer-lived plants that reached reproductive nigtdater in life. Long experience with genetically
modified agricultural crops could therefore providssons for considering risk assessment of geatigtic
modified trees. He pointed to the various appl@mai of genetically modified trees, highlighting the
relative benefits of genetic modification in cotlirg pathogens, disease and pests, as well as in
increasing food, fuel and fiber production. Envim@ntal benefits also arose from the ability to
genetically modify trees’ processing propertiesxtract products more effectively and with lessteas

41. Prof. Gartland went on to describe trials involviayious genetically modified trees. Although
the technology had proven effective in a laborateeiting, social concerns with regard to trans-gene
stability, gene flow, fitness effects, pathogenstasice, soil ecosystem effects, human and envieoiath
health effects, and ecosystem disruption of nogetabrganisms sometimes prevented deployment of
genetically modified trees in the environment. @Givke potential benefits of genetically modifiedes,

and the need to know more about the actual riskscested with their deployment, it was of the utmos
importance to set up systems for modeling and ssaalle, controlled release of such trees. Apprapria
containment and biological confinement methods wergiired to make it possible to allow transgenic
trees to flower. Long-term monitoring was esseribaheasure the effectiveness of genetic modiboati

in achieving their intended purpose, and to agsesssks involved.
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42. On the specific topic of systems modeling, it wasassary to include components of genetically
modified tree-ecosystem interactions. There wae alsieed to create a meta-model to build on the
fragmentary conclusions of small-scale models. €hidd be followed by small-scale, limited releage
genetically modified trees, perhaps with genetittgrdesigned to prevent fitness effects, to repart
gene expression, and to track gene behaviour. Woiald help validate models and provide better tssul
on which to base risk assessment.

43. Prof. Gartland concluded by saying that the Corigardn Biological Diversity and the Biosafety
Protocol provided excellent risk assessment tootsttie agricultural sector that could be used as an
effective framework for risk assessment of gen#lyicaodified trees. Such a framework had to be Hase
on rational science, and concentrate on key questmd lessons learned from agricultural crops and
from contained models. That way, there could be-tgscase review informed by previous practice.

44, Working Group Il took up the issue of transgenieess. The Chair of the working group on
transgenic trees, Dr. Bao-Rong Lu began the sessiaalling on participants to focus the discussion
what made trees different from plant crops witharegto risk assessment. Participants then heard a
presentation by Dr. Meng-Zhu Lu on risk assessm@ntommercial transgenic poplar plantations in
China.

45, During his presentation, Dr. Lu provided a timelifar releasing transgenic trees into the
environment in China, and outlined the various stepolved in the corresponding laboratory anddfiel
trials. The trials had examined factors such ascitlyx gene stability, soil microorganisms, insect
populations and gene flow. No significant riskshwiegard to any of those issues had been founikein t
transgenic poplar plantations. However, changingabées made findings differ enough to concludd tha
risk assessments of transgenic trees had to beict@wtlon a case-by-case basis. One example of/dsis
gene flow, which was affected by wind, temperatuad, trees surrounding the sites, and other facto
such as competition between transgenic and nosgeanic trees. Further funding and longer-term sgudi
in particular were required to achieve a greateleustanding of how potential risks would be affddbg
trees’ longevity.

46. Following the presentation, a discussion took pliacghich a number of general issues were
raised. The chair of the working group asked thdig@pants for their views. One major issue was
whether the framework for performing risk assessmeas contained in Annex Ill to the Cartagena
Protocol on Biosafety, could be applied to tranggdrees, or whether a whole new paradigm was
required. Several participants expressed the viemt Annex Il provided valid parameters. Their
relevance to transgenic trees depended on the tetdewhich each category of tree give rise to
considerations similar to those that are to bertak® account according to the Cartagena Protocol.

47. It was pointed out that trees, unlike most cropsremperennial. The longevity of trees raised
particular issues with regard to monitoring and lineg-term effects of genetic modification. Another
special characteristic was the existence of botimamimanaged tree plantations and wild tree stands,
which led to different consideration of each tygetree. Finally, the fact that flowering trees were
difficult to contain meant that particular attemtibad to be paid to the risk of potential spread gene
that could render a particular species dominattiématural environment.

48. It was therefore very important to understand tbk of a spread of transgenic trees owing to a
large fitness benefit. Fithess was affected by mamjables, such as the genetically modified tridi,
genetic background of the host organism, the siestructure of the tree population, the geograghic
environment, and even climate change. The impattsuoh a spread into the natural environment
included destruction of biological diversity, and pon-target organisms living within the trees’
ecosystem. The magnitude of the destruction woelceven greater if the spread reached a centre of
origin or centre of diversity of the host tree.

49, Risk assessment for transgenic trees would eritaibfthe knowledge gaps associated with the

above factors. That meant gathering baseline datthe risks linked to genetic changes for different

purposes. It also meant learning more about tidestycles, about the micro-organisms and food sveb
/...
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associated with trees, and about their managectral environments. Furthermore, when it came to
comparing genetically modified trees and genefyqalire trees for risk assessment purposes, a nurhber
additional factors had to be taken into accourthsas any other modifications to which pure treé@hin

be subject, including pesticides and traditionakiiing practices.

50. Non-tree-related considerations for risk assesssriantluded human health impacts and the need
to investigate the relationship between gene mmatifins and the allergenic properties of pollends
also mentioned that the proposed reasons for thetigemodification would have an effect on the
perceived social acceptability of a given risk.

51. Finally, the desirability of conducting field tr&ako gather all of the relevant information was
discussed. Protocols would be needed to circumesauich trials, both to ensure maximum confinement
and to extract the maximum amount of informationriek assessment purposes. A step-wise approach
similar to that used for transgenic plant cropsl@¢de adapted to the special characteristics efstré
would be necessary to proceed on a case-by-case With case categories gradually getting bigger a
the body of knowledge grew. It was also importantry to prevent field trials and deployment from
tipping over from risk assessment into risk manag@mand to keep in mind that long-term monitoring
required substantial resources, which developingtes often lacked.

52. Following the discussion, the Chair of the workigrgup undertook to prepare draft conclusions
taking into account the issues raised. The referatauments mentioned by participants during the
discussions would be included in a bibliographyb® forwarded as an annex to the report of the
workshop meeting.

Pharmaplants

53. Dr. Alvarez-Morales introduced the subject of phaphants, living modified plants genetically
modified to produce pharmacologically active commigy at the second plenary session of the workshop
on 5 June 2007. During his presentation, Dr. Adzaviorales said that several projects for gendyical
modified pharmacologically active plants were beicgnsidered for commercialization by various
biotechnology firms, other organizations, indusind public research groups. Countries that mighe ha
the capacity to develop their own genetically miedifplants faced other constraints as well. Clgtaict
guidelines for risk assessment were necessary,essanch into genetically modified plants for
pharmacological purposes could be used to soh&sioig social problems.

54. Dr. A. Alvarez-Morales proposed that field trialsutd follow the protocols used so far for
experimental release, which exercise very stricttrod to prevent transgene escape through pollem fl

or seed dispersal. There were, however, knowledgs with regard to the effects of new substances on
non-target organisms and animals, and their cuiwal&ffects throughout the food chain. That begged
the question of whether field trials were in faesilable. Contained crop production made it possiibl
control risks far more effectively. It was also gisdy more cost-efficient than research into aaurid-or
chronic exposure of non-target organisms and foedsxo genetically modified material.

55. He went on to describe the risk-assessment proeethplied to a project in Mexico to perform a
field trial of bananas that had been geneticallygified to produce antigens derived from rotavirtise
project had been conducted by a research instiliesh had based its choice of crop on a number of
factors designed to minimize risk. Those factorsentbe absence of wild relatives of the host pltrs,
presence of vegetative propagation, the fact trshgle plant produced enough material for testihg,
feasibility of completely isolating the plant, tlease with which fruits could be accounted for and
controlled, and the ease of post-harvest control.

56. In addition to incorporating such factors, movirigead in the area of risk assessment meant
developing a definition of which plants could bengtcally modified. It was also necessary to find
efficient ways to ensure isolated environments thafluded non-target organisms and animals, while
allowing for the production of sufficient amountsgenetically modified pharmaceutical material. lRis
management strategies and contingency plans wetteeaitmost importance, as were strict monitoring

...
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methods and surveillance mechanisms, as well ashanesns to trigger preventive or corrective
measures in a timely manner in the event of tramsgscape. National policies on these issuesctigite

a case-by-case approach based on the particulaleprs of each country, could be a component of risk
management, as long as the regulatory burden dipgregent forward movement in this area.

57. Working Group 1l also took up the issue of pharfaaps. The chair of the working group, Dr.
M. Burachik, asked the working group to begin vathrainstorming session aimed at pinpointing issues
specific to the risk assessment of genetically fiwdiiplants for the production of pharmacological
substances (pharmaplants), to be used as a spambbwr discussion. The issue of scope gave rise to
some debate about what such a risk assessmentdshowér. While many of the risk factors of
pharmaplants were no doubt relevant to other bidcaé@nd industrial applications on a case-by-case
basis, the scope of risk assessments in this cas&wbe limited to plants in which genes had been
inserted for the expression of active pharmaceduta@anpounds for therapeutic, diagnostic and
vaccination purposes.

58. There was also some discussion regarding the fettthe nature of pharmaplants and their
attendant risks blurred the limit between risk asseent and risk management. That was because,
contrary to genetically modified agricultural crofise worst-case scenario for pharmaplant cropstavas
have the bioactive compound enter the food streBinere was also a greater potential impact if
pharmaplants were accidentally released into theér@mment with a gene giving them a selective
advantage. That meant that the focus of risk assggswas containment, not release. The natureeof th
genetic modifications, the types of pharmaplanipsraand the intended use of the pharmaplants all
provided additional elements to be considered vdognrlucting risk assessments.

59. The bioactive compound inserted into the pharma@éected risk in a number of ways. There
was, of course, the compound’s toxicity and allaicjgy. The level of expression of the compoundals
had a direct effect on risk, since the more bialalljy active it was, the greater the effects it \ikaly to

be in the event of release. It was furthermore g to ascertain tissue specificity of the expi@s of
the compound, but to look at the entire plant wassessing risks for non-target effects. The presehc
multiple new genes or genetic maodifications coukehte phenotypic effects other than the desiretéioro
expression. The persistence of bioactive compoundtheir stability in the environment was alsoey k
consideration, as long-lasting bioactive mater@ild have chronic effects. Compounds to be used for
vaccination created the potential of affecting harimamunity, as exposure over time to a sub-unia of
vaccine could increase tolerance and render thein@éneffective. Finally, some bioactive compounds
could reproduce, replicate and recombine, incrgafiair associated risks. It was therefore impdrtan
measure these elements when conducting risk assetsm

60. The nature of the crop used to host the bioactivampaceutical compound had a bearing on both
the effectiveness of the genetic modification asdattendant risk. It was therefore useful to kvalwch
crops could be used and which should be avoidethoAgh pharmaplant crops tended to be smaller in
scale than other genetically modified crops, every small releases could contaminate the food chain
One approach to prevent food contamination waséominor or non-agricultural crops as a platform fo
the genetic modification. While that tended to sabne problem, it created another in the form of laf
familiarity with the basic biology and other chaeatstics of the host crop. That raised the relésde of
what could be used as a baseline to compare rigithé conventional nor genetically modified
agricultural crops qualified in this respect. Imf@tion on all of the above factors was therefareded

for risk assessment.

61. The intended use of the pharmaplant raised a nuraberoncerns. One such concern was
precisely the fact that, although the host plantghirbe edible, in many cases the inserted phamtiaed
compound made them completely inedible. Conversled/possibility of having pharmaplants that could
be eaten as a means of administering the pharnieadecbmpound they contained, e.g. oral vaccines,
raised a series of questions regarding the abiitymeasure the variability of bioactive material
concentration. It also posed difficulties with redj@go safeguards against unintended consumptidheof

...
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bioactive material and possible routes of distidoutand accidental release. If the pharmaplant was
intended to be processed to extract the pharmaetutdbmpound, it was necessary to learn about the
bioactive compound’s potential for escaping thedpation stream, as it is accomplished through good
manufacturing practices.

62. Following the discussion, the Chair of the workgrgup undertook to prepare draft conclusions
taking into account all of the issues raised.

Genetically modified viruses in the management oframal populations

63. Dr. T. Traavik introduced the subject of genetigathodified viruses for the management of
animal populations at the second plenary sessidheofvorkshop on 5 June 2007. In his presentation
Dr. Traavik said it was difficult to extrapolateom cells, and that even virus families were soedéht
that it did not make sense to extrapolate fromwnes to another. He recalled that a Noble Prirener,

A. Lwoff stated that viruses were viruses, therglolcating their unique character.

64. Genetic modifications could be achieved by homolsgrecombination to achieve gene deletion
and by transgenesis, or by both. Some of the efrbging modified werd&oxviridaeincluding orthopox
and avipox; Adenoviridae most commonly human Adenovirus type HAd3erpesviridae and
Togaviridae as well as other host species specific virugésvironmental implications were found in
applications of gentically modified viruses relatito livestock vaccines, wild life reservoir specie
vaccination, pest animal population control, andnan vaccines. Genetically modified viruses maybe
recombinant replicating or non-replicating virusste vaccines. The benefit of recombinant, non-
replicating virus-vector vaccines was that theyjmed good protective immune responses, including a
the mucosal portal-of-entry. They were also sevgid cheap to produce, could provide a rapid respo
to emerging diseases, were resistant to degradatmrd be made non-persistence and and did not
perform or carry out genomic and foreign integmatio Some of them make it posssible to produce
multivalent vaccines.

65. However there were risks and drawbacks to genBticabdified viruses as they could create
non-target infections. It was also unclear wheterh recombinant, non-replicating virus-vectorsewe
really replication deficient. If a virus did napglicate in one cell line that did not mean thatdtuld not
replicate in another. Risks were also posed bypib&sibilty of a double infection with a naturally
occuring virus and a vaccine virus resulting ineavrhybrid. The efficiency of genetically modified
vaccine vectors may be diminished by preexisting\atctor immunity.

66. Dr. Traavik also gave the example of Modified Vai&i Ankara (MVA) being crossed with
cowpox and said that after several passages inbaddnger been possible to detect the transgere. H
also noted a naturally occuring case of a reconmbiaaetromelia and cowpox that had been isolatea in
patient in Norway, although ectromelia was not radty occuring in Norway. International regulatory
groups had also recently questioned the safetgéio existing vaccine constructs and their pradac
systems. Dr. Traavik said that while the main footisesearch has previously been on the functignali
and immunological mechanisms of viruses, work detgaaspects most often was put off until later in
the development process . By then making fundamhemanges to the vaccine to improve its safety
could be costly and time-consuming. He noted that public might also lose confidence in such a
process.

67. In closing Dr. Traavik highlighted a number of gapghe current knowledge of viruses which
related to naturally occurring relatives and némuses created through recombination, non-targetes,
the transboundary and trans-ecosystem spread atarv®f transport such as migrating birds, animals
insects, and ticks. There was also a lack of kadgé concerning the integration of GMV DNA, or
fragments of it, into host cell chromosomes; ad aglconcerns about the genetic stability and el etf
transgenes and the influence of such ecosystengebhas temperature rise and chemical pollutants.
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68. Working Group IV took up the subject of geneticathodified viruses for the management of
animal populations. The chair of the working grop. H. Gaugitsch, asked the participants to take
stock of the current state of the art as well asgihidance available for risk assessment, theablailrisk
assessments and the current research on risk iaesgss

69. In the discussion that followed, it was asked whaetie stability of modified viruses could be
assumed. It was also pointed out that during theeigation campaigns against smallpox other species
had been affected as well. Buffalo pox might heasme from that process and there was evidence to
show that a new cattle pox virus in Brazil mighvéaleveloped out of that vaccination process at wel
There was therefore a need to consider the spieatbn-target species where there could be new
expression of genes.

70. It was suggested that for the purposes of risksggsent, viruses could be grouped into diseases
in humans and livestock populations and virusegHercontrol of wild species. In the first casenn
replicating viruses were desirable while in the toginof wild species replicating viruses were nekde
The issue of the effectiveness of genetically medifviruses was also raised, as was the issue host
specificity and the ecological effects of virusksvas suggested that it was important to consiirase
ecology and the interaction between humans, aniaradsother organisms. While data was available
from the science of virology, there was a lackndbimation in field situations.

71. Although viruses had often been seen as a speasal for the risk assessment, it was suggested
that the model of biological control agents coudd the pattern for the risk assessment of genbtical
modified viruses. Others noted that the issudsif assessment was not unique to genetically nemtifi
viruses and that phytosanitary and veterinary @gns were already in place. International steshda
setting organizations were also working on thedssis was a task force of tBedex Alimentarius An

ad hoc group on biotechnology of the World Orgatidzafor Animal Health (OIE) was also considering
the issue, and it was suggested that the work efiriternational Embryo Transfer Society was also a
possible source of guidance on safety issues.Elin@pean Medicines Agency (EMEA) also had in place
guidance on live recombinant vector vaccines foenmary use.

72. One participant noted the use of the vaccinia wvhen targeting rinderpest and stressed that in
east Africa, human and livestock lived in closexmroty. That needed to be taken into consideratam,
did the difficulty of transferring use of smalliaral model to larger hosts such as cattle. It wiae a
reported that in Australia it had been difficultitwve from the laboratory when developing viruses t
control rabbits, mice and foxes. Viruses had haweyween used to vaccinate foxes against rabies in
northwest Europe and raccoons in the United Sttésnerica, although it was unclear how successful
that had been.

73. Little research had been done that gave a holagtigroach to the environmental effects of
viruses, and it was felt that further work in thleawas needed. The participants also felt tleaisdue of
ecological and environmental effects had not bemseng sufficient consideration, and insufficient
consideration had also been given to the spreaiusfes across biological borders. Instead thecidsmd
generally been considered from a medical or vedeyipoint of view. Epidemiological studies hadyonl
studied the incidence of the expression of a deseasl not the existence of the virus in asymptamati
populations. New viral species might not be deobr else they might not show in the form of
detectable symptoms.

74. However it was also noted that new technologiet ,iscPCR allowed for greater refinement in
research into virus types. But better researcls taere also needed, and research capacity had to b
developed. It was also suggested that the usef sells might be a way forward. One participalsd
informed the working group of ongoing work on thfeet of myxoma virus in rabbits on their avian and
animal predators.

75. The Chair thanked the participants for their cdmittions to the stock taking exercise and asked
them for their views on the gaps in information essary to perform risk assessments and the isfues o
note in the risk assessment of genetically modwieases.

/...
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76. The participants were of the view that there wéack of information on the biology of the host
viruses and that there was also a need for reséaiwithe development of viral expression in hosts.
Adequate follow-up of non-clinical carriers of viies was also needed and it was necessary to $ieidy t
effect of regional and seasonal patterns on virasewell as the co-evolution of the viruses withirth
hosts.

77. It was also felt that much of the current reseanthviruses in cell lines was not predictive of Vvira
behaviour in nature and that the portals of entrwiruses was often not adequately investigatedak
suggested that it would be better to use whole alsifor such research. Generally there were seriou
knowledge gaps, especially related to whether icpéar species was permissive or non-permissind, a

it was pointed out that such distinctions ofteniecrwithin the same animal depending on age, sex,
hormones, seasons and other environmental factors.

78. It was also suggested that there was not enoughblit@sdata to make such assessments.
Targeted experiments were needed to gain bettexlkdge of virus ecology and virus/host interactions
There was also a need to study the issues of atiyloig management systems and the socio-economic
effects on populations. There was a need to eageuNorth-South collaboration in research and & wa
also suggested that there was a need for furthesideration of the issues of metagenomics and
bioinformatics.

79. Following the discussion the chair said that he lekquepare a text on conclusions reflecting the
issues that had been raised during the discussioprésentation 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 n$gemic fish were opened with an overview of major
areas of concern specific to this topic. Subjeathsas control and containment of GM fish poputagio
through to interactions of released GM fish wittmpdex aquatic ecosystems were explored. Major gaps
in the knowledge centered on the dearth of infolmnadivailable on the biology and ecology of marshfi
species, creating difficulties in analyzing diffeces one might observe in transgenic fish with [dg& of
comparators. Discussion of methodologies which midyin bridging these gaps included consideration
of models and comparators, as well as near-natbatory experimentation.

2. Considerations for Environmental Risk Assessmertf Transgenic Fish

The general principles and methodologies as destiio Annex Il of the Cartagena Protocol also cove
transgenic fish. The framework for risk assessnuffdared 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 assesameea identified as specific to fish. Fish speaissd
thus far for genetic modification are undomestidateild animals that move easily to different, pbls
large geographical areas and display indetermigede/th. Moreover, fish has the potential for rapid
population expansion and are ectothermic by naturé thus quite sensitive to changes in abiotic
conditions. Introduction of fish into new environmie is highly uncontrolled and fish will interacitiwv
many different species in broad areas through digpdt was noted that no field trials can be ieg@rout
with transgenic fish and this highlights the impaoite of careful laboratory experimentation usingrne
nature conditions and surrogate models.
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Consideration of the GM fish in its environment

The following elements were considered to be ingurin assessment of transgenic fish: speciesainst
of fish; gene construct, insertion site and tradtbgity; pleiotropic effects of the inserted gendife
history traits of the fish including high fecundiipnduced sterility, specific ecosystem in whichk ffsh is
found; environmental context e.g. diversity, vailigh availability of suitable comparators (wilgge or
other strains with similar phenotypes). Data fraosmparators are useful for formulating hypotheseat an
specific questions for risk assessment and arertiaapofor conducting case-by-case risk assessments.

Whole ecosystem effects

Whole ecosystem effects include those occurringotly from introduced animals as well as effects
arising from persistence of these animals in the&irenment through reproduction in nature.
Consequences arise from phenotypic characterigfitke transgenic fish, in addition to their number
(population) in the ecosystem (introduction ratd &mess including ability to reproduce). The emptal
niche which the fish inhabits in the complex aqudiiod web may be affected by introduction of a
transgenic fish. Interactions with the environmesmid other organisms, disease susceptibility,
competition, and effects on predators, prey andtedl species all form part of the total effect the
transgenic fish will have on the ecosystem. Furthbrotic factors such as climate change and potiut
may affect the behaviour or fithess of the tranggésh in the ecosystem, producing downstreamcisfe
on all the factors mentioned above including pdesffects on biodiversity.

In addition it was noted that information on enwineental effects of transgenic fish can benefit fitven
experience that we have on introduction of nongadbus fish species into the environment. Moreover,
research has shown that it is important to studgréain genotype in several ecological milieus eEif
are sometimes only observed under specific ecabganditions.

Invasion, establishment and spread

Release of transgenic fish into the environmeiheeideliberately or through escape, opens a fusbe
of issues to be addressed. One must take into acd@persal behaviour, fitness components of igte f
(e.g. survival, fertility, viability) and introgre®n and gene flow into related populations (bottna-
specific and inter-specific). In addition, bottlekesffects and outbreeding depression are possitiée
effects of the introduced transgenic fish on witghplations in the receiving environment.

A classic scientific approach to fithess would tak® account all the components of fithess such as
fertility, growth, and behaviour. We have to be eavthat pleiotropy (i.e. one genetic factor resigjtin
more than one effect) makes the classical approsmie complex. An alternative approach is the “net
fitness” approach where we don't need to know awémg about a fish, but we just measure the global
fithess of the fish (i.e. the number of offspringguced). Net fitness is difficult to test for iatare, as it

is a long-term measurement taken over a sometiarge lgeographical area. It was instead proposed to
measure net fitness in a near-nature environmesht as laboratory tanks set up to mimic a natural
setting.

Containment and other management strategies

Containment is one type of management strategyhwprovides the most control over transgenic fish.
This may be achieved through physical approaches as land-based growing facilities or improved net
pens, or through biological approaches. Biologaggroaches include sterility via triploidy or trgesic
approaches, or impaired viability through engindatependence on an introduced nutrient source. When
containment is not possible, mitigation of issuesenvironmental release must be considered, and
includes use of, for example, detection methodstemaharkers.

Scale of the risk assessment

The scale of risk assessments undertaken depensksveral issues including geographical and temporal

considerations. Geographical considerations incladenectivity of waterways and specificities of

aquatic ecosystems. For example, freshwater hahiia particular environments which may be more
/...
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vulnerable to invasions. Temporal consideratiormdunte the life stage of the fish released and wdreth
the fish are sterile, with a limited lifespan, oe @ble to reproduce through successive generafidres
magnitude of the release, whether deliberate agsaape, and the total number of animals must @so b
considered.

Methodological needs

In order to carry out adequate environmental riskeasments on transgenic fish, collection of basic
biological data on fish species, including theiolegical niches and local genotypes, is a critiitat step

in collecting baseline data. Case studies usingreete species (e.g. salmon, tilapia) may help to
elucidate effective scientific approaches to datdhering. Suitable experimental designs, ideally
mimicking conditions in nature, would help in thevélopment of protocols for risk assessment.

It was noted that more empirical data is neededrfodeling studies. Models can take several forms:
logical models are qualitative, mathematical modeie predictive and quantitative, and models of
interactions focus on the synergies and antagoni€omsponents of the model may include population
density, genetic diversity, life history parametarsd abiotic factors. Studies will reveal interact
between factors and an analysis of the varialilitiactors leading to sensitivity analysis.

Special attention should be paid to the identifwatof critical life stages and critical environntain
variables and fithess components. These criticaitpaan be identified from a combination of mordgli
approaches and experimental data. Simulation aedigiive models cannot fully replace experimental
approaches to scientific data gathering. Indeeddatimng provides indicators as to the types of
experiments which will yield the most useful datilodeling, laboratory experimentation and
observations in nature are synergistic compondntseocomprehensive scientific assessment and ghoul
be implemented in parallel.

Additional Considerations

The following issues were also brought up in trecdésions but were not further elucidated becaese t
main focus of the session was on science-basedoanwental risk assessment: Balance and weight of
evidence evaluation, including quantitative datd goalitative observations (expert opinions); degre
uncertainty in scientific data, human health aspedj. fish as food; and socio-economic aspects.

3. Recommendations for Additional Research and Sp#ic Data Needs

Some research needs were identified, and althdweghst below is not exhaustive it represents thiatg
which were most highlighted by the participantshaf transgenic fish session.

* Method development needs are compiled in the papagrabove.

» Develop different worldwide scenarios on the intraiibn of transgenic fish into the environment
by a group of experts in, for example, ecosystéisis physiology and fish genetics.

* Perform sensitivity analysis in models to identdyitical life stages, fithess components or
environmental variables for which we do not yetdhany experimental data.

» Identify other likely candidate model fish for use case studies for environmental risk
assessment.

» Development of case-by-case protocols for transgisti risk assessment.
4. Available risk assessments and guidelines

+ Biology of Atlantic Salmon, a draft developed byetrOECD working group on
harmonization of regulatory oversight in biotectogyl, 2007

* Global Industry Coalition (GIC) compilation of enenmental risk assessment guidance:
transgenic animals (including fish), 2007
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* Canada Department of Fisheries and Oceans workshiput from 2004 on environmental
risk assessment of GM fish

* Codex Alimentariu€ommission task force on food safety of genetyaalbdified animals

* Abstracts of the OECD workshop on the biology @& #tlantic Salmon, Moscow, Russian
Federation, 2004.

Transgenic trees Session
Chair: Bao-Rong Lu

Dr. Bao-Rong Lu set the scene for the discussiorhighlighting the differences displayed by trees
compared to annual crop plants: they can grow mamaged conditions, have a long life expectan&y, ar
broadly undomesticated. Dr. Lu then presented thjectives for the discussion: to identify what is
known, what new knowledge is required specificédly trees; based on scientific facts, avoiding @oli
issues.

Dr. Meng-Zhu Lu shared his experience and knowlegigieed over almost 10 years with poplar (P.
nigra) transformed with a Bt gene for insect tabee and with a white poplar hybrid transformedhveit

Bt gene and a proteinase inhibitor gene. Dr. Lus@méed the gradual steps involved (laboratory
bioassays, small scale field release, commerctadizg the steps of government oversight; the ganer
location and climatic conditions of the growingesit and the risk assessment parameters assessed ove
one year: toxicity, gene stability; effect on swmilcroorganisms; effect on insect populations; gitme
(pollen and seed).

Adequate Framework in the Protocol

An important point that was consistently raisedthat the general principles and methodologies as
described in Annex Il of the Cartagena Protocsbatover trees. The framework for risk assessment
offered by the CBD can therefore be used to addspscific issues raised by trees. The way thesess

are addressed for trees may be specific, but thesament framework remains the same and no new
paradigm is required.

Specific characteristics of trees

Specific characteristics of trees were outlinedepaial, large population size, often many yearf®tee
the first flowering, complex ecological backgroundsuge range of domestication, from non-
domesticated (forest trees) to highly managed éstant); trees are perennials and release maybe o
the long-term; trees are often the dominant specidbe environment; wind pollinated trees produce
large amounts of pollen some of which can potdgtiaavel long distances; some trees are potentiall
vulnerable species; there can be issues relatgidmtations themselves compared to natural regeoera
requirement for a deployment strategy involvingesal’ genotypes. It was consistently noted thatstore
species that may have large wild stands in closgimity to cultivated stands, and fruit trees that
highly bred and manipulated for sterility, fruitajity, disease resistance etc. for many yearse nasy
different issues.

Key issues

The considerations to be taken into account in Agly assessment of living modified organisms
according to the Cartagena Protocol are also imapbiit the risk assessment of transgenic treee gen
stability; interactions with microorganisms; nongiet effects; gene flow — distances traveled byepobf
wind pollinated species and tree populations comgeover large areas; evolution of insect resiganc
allergenicity issues; fitness and long-term foabveffects.

Comparator/counterpart

To evaluate the relative magnitude of effects i émvironment, one approach of risk assessment is t
compare the effects with trees produced by conepalibreeding that we are familiar with. A key

...
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component in risk assessment is what you compardérdmsgenic tree to, in terms of the composition,
phenotypic and agronomic/forestry aspects. In thednto look at a comparator, management systems
must also be considered (e.g. use of herbicideeciitides, defoliators etc.); do not look at tgpamsc
trees in isolation.

Baseline information

To evaluate the relative magnitude of effects mehvironment, one must have a realistic undersignd
of the state of the environment before the intréidacof these trees. The assessment and evaluaition
indirect effects in the context of food webs requgtrong baseline knowledge, that is currentlyitagkor
semi-domesticated and unmanaged systems. More mgdsystems would be helpful to inform
decisions.

Case by case assessments

Participants consistently agreed that a case by @agroach to the evaluations was extremely impgrta
using the existing framework. There was discussioer what a case by case assessment really means.
Suggestions were to categorize the risks (biodityergene flow, non targets, resistance evolutgsue);
categorize the genes (such as “neutral” genednligroperties modification, hormone regulation,.etc
categorize the species (dominant species in unmeanagosystems, species that require human
intervention for survival, etc.). There was no gahe@greement on the definition of a case, e.gnteve
based case by case assessments. To facilita@sssksment it should be identified to what extiisises

of genes can be considered safe in a given spaetescosystem. Interestingly, a comment was made th
what is case by case will be determined on a casade basis; it will be different in each caseeteling

on familiarity. You can go from very specific todader and broader as you gain familiarity, usirg th
same principles as with crop plants.

Field trials

A key consideration in gathering the necessarynsifie data is the way the field trials are condhett
Genotype by environment interactions are a key idenstion. Field trials are important for risk
assessment work together with baseline informatiReliable answers to some questions will only be
obtained with field trials including flowering. Fdrees, greenhouse trials are more limited, thesefo
relevant data needs to be gathered from open tiigs. Testing in the field needs to be over saver
years and often in several locations, due to stypotgntial weather variations from year to year and
important genotype by environment interactionst thidl affect fitness and reproductive fithess. ngo
participants recognized that moving to field trialsd flowering trees did pose concerns especially w
regard to monitoring gene flow to either other gdapans of the same species or to wild relativedicke

16 (4) of the Protocol states that each Partyl gimaleavour to ensure that any living modified aigan
has undergone an appropriate period of observiatris commensurate with its life-cycle or generat
time before it is put to its intended use. Decisianll need to consider the risks and benefithmfuture
developments.

Biological containment

Male and female sterility are interesting candiddite containment, provided potential pleiotropifeets

are considered. Effective biological containmerhtelogy may be important Many of the biological
containment methods may involve genetic modificatiand will therefore themselves also be subject to
risk assessment. It is also important to comMieeisk assessment with risk management measures.

Fitness

Fitness (both increased and decreased) was discagtansively as a key component of risk assessment
especially if there is introgression into wild pdgtions. This was seen as a very challenging area t
study, with ambient conditions changing over timattmake it difficult to identify local fitness ovéhe
long-term. The concept of relative fithess and alisofitness was presented. The issue of spread of
alleles is a question of relative fitness; buthiérie are concerns about a species becoming weedy or

...
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invasive in the environment, absolute fitness ipantant. Fitness changes across genetic backgruohd
environment, and conditions change over the yeamrsre@singly so with global change and the
introduction of exotic pests and diseases). Thesges can be considered by using modeling appreache
A weakening fitness integrated into wild populatomas seen as an important risk to consider, while
increased fitness might lead to changes in invasisg. If there is no introgression into wild spscsach

as in some fruit trees, then estimating relatiimeis would be inappropriate. Some participants
recognized that it is important to identify higkkicases that should not be used. Some participzinés

the special case of restoration of ecosystems ¢bastnut, English elm) as an example where gene fl
to natural populations would be encouraged.

Centres of origin

In centres of biodiversity and origin extra cautioay be required (ex. eucalyptus in Australia), smahe
indicated that experiments and releases shouledideud

Available knowledge

There is a wealth of experimental information oedaling developed for the past 50 years. The Eunopea
Advisory Committees on biosafety met in Ljubljanalfla month ago to discuss deliberate release of
GMOs. The final report from that meeting is expdctoon. The United States Department of
Agriculture (USDA-APHIS) has carried out 12 envinoental assessments for field trials of transgenic
trees, and also assessed and deregulated 1 tyfreitofree; virus resistant papaya; the OECD has
produced biology documents that have a wealthfofimation for tree species. The OECD also organized
a workshop on transgenic trees in 1997 with clemmommendations that need to be taken into
consideration. The National Academy of Sciencesidsiged a chapter on tree confinement systems in
their 2004 Report on biological confinementhe Advisory Committee on Releases to the Enwiremt
(ACRE) in the United Kingdom has produced a docuns@rManagement of Footprint of Agricultgre

Knowledge gaps
- How to properly measure fitness for risk assesgme
- To have effective risk assessment in a timeliitas
- Define case in a correct way, by use, by prodtuatproper and transparent manner
- Pleiotropic effects
- Genotype by environment interactions
- Study of mychorrhizae and other interacting nflora
Recommendations
- Treat trees in the managed and wild habitatefitly
- How to produce effective risk assessment forstiae timely fashion given the life cycle of trees

- Effective measurement of fitness suitable foesre

* http://www.mop.gov.si/en/areas_of_work/environmelitectorate/sektor_za_biotehnologijo/2nd_meetifigearo
1 http://mwww.nap.edu/books/0309090857/html/
1 http://www.defra.gov.uk/environment/acre/fsewidsties/pdf/acre-wi-final.pdf
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Pharmaplants Session
Chair: Dr. Moisés Burachik

1. Scope of the Session

Discussions on environmental risk assessment omapdants were opened by the Chair by inviting
participants to identify key issues of discussidxgreement was reached to limit the discussiorldatp
producing therapeutics, diagnostics and vaccinaesyithstanding that there are related risk assessme
issues with other modified plants for the productd industrials, diagnostics, nutraceuticals, etc.

There was additional discussion related to linkdgews/ieen risk assessment and risk managemengaslit w
agreed that the distinction between assessmentramégement is not always clear in the context of
pharmaplants.

2. Issues to take into consideration for the RisRssessment

It was recognized that the general principles arethodologies as described in Annex Ill of the
Cartagena Protocol also cover issues relevant aonmplants. This will include, for instance, biojog
data of the plant, gene expression levels, tispeeificity and timing of the expression, etc. The
framework for risk assessment offered by the Carntag’rotocol can therefore be used to addresdispeci
issues raised by pharmaplants. The following aneae discussed:

i.  No special restrictions to date have been geneagltged to concerning plants that should not be
used for the production of pharmaceutical produdtswxever, Mexico has restricted the use of
maize for pharmaplants. It was recognized thatube of crop plants may pose a risk of the
pharma protein entering the food chain in casenaflvertent release into the environment and
this consideration may also play a critical rolerisk assessment. On the other hand, plant
species which are not commonly used as food/feattes are often less known with regard to
relevant biological properties, such as fithesgrele of domestication, weediness, dormancy,
dispersal, persistence in the environment. Thaspaint was identified as a relevant knowledge
gap in the development of a pharmaplant indusiryerefore, some participants proposed that a
set of criteria for the selection of the approgriptant species, on a case-by-case basis, should be
considered.

ii. As expression levels of the protein of interedt ggnerally be higher in pharmaplants compared
to first generation genetically modified plantsg tissue of potential toxicity to non-target
organisms may need to be considered and approgéatels of non-target organisms may be
useful to consider. Similarly, worker safety/humaposure to the relevant protein(s), during
harvest and processing, for example, may requirprogpiate assessment of toxicity,
allergenicity, and other potential health effedéhere appropriate, attention should be paid to
chronic low-dose effects of the compounds on thectreity of the immune system and its
susceptibility.

iii. Persistence in the environment, as well as mecmani®r protein degradation and derived
products, may also be considered. Also, environaledegradation of the pharmaceutical
protein versus its persistence in the environmeotilsl be distinguished with supporting data.

iv.  When appropriate, gene stability should be includedhe risk assessment and followed up
during monitoring and risk management.

v. Release into the environment of the plant or plaati(s) may require consideration of the
biological activity and in addition the oral acity of the protein being produced. For example, a
host animal consuming a monoclonal antibody willhdifferent consequences compared to the
consumption of an antigen against a feed-bornexskse
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vi.  Special attention may need to be given to the ptisgiof gene flow to wild relatives in the
context of non-target effects and overall biodiugrsffects.

vii.  The level of expression/dose relationship and dotot variations were also identified as risk
assessment issues.

viii. Several participants recognized that the high esgioa of the pharmaceutical product itself may
have phenotypic effects on the plant in additioexpression of other auxiliary genes introduced
in the construct. Supporting data relevant to tis&k mssessment should be included in the
application.

ix.  Certain risk assessment data for pharmaplants woelldimilar to the information requirement
for genetically modified crop plants, in generélowever, it was identified by some participants
that for some pharmaplants, the comparator in ifle assessment may not necessarily be the
non-modified plant species (as it is used in curganetically modified crop plant species),
because it is not intended to be used as a faal$eurce, but the production of a specific
pharmaceutical protein. However, when evaluatirfgot$ on natural biota, agriculture may be
the appropriate comparator.

3. Issues to take into consideration for the Risk ldnagement

Since it is recognized that the distinction betwdsk assessment and risk management in the cooitext
pharmaplants is not always clear, participantsudised the following issues as appropriate compsenent
of a risk management framework:

Scale of production: Safeguard measures emplaygdalitative and quantitative terms (e.g., redumda
overlapping confinement/containment measures)vaity depending on scale.

I.  Confinement/containment measures: Every possiiterand level of exposure (e.g., to rodents,
insects, and other non-target organisms) may havebd considered when designing
confinement/containment measures to minimize exgosiithe pharmaplants to the environment.
Appropriate systems of confinement are to be deterthon a case-by-case basis, considering the
plant, climate conditions and the product beingtlsysized. Efficacy of confinement measures
are important to consider inter alia in relatioresdreme weather conditions.

ii.  Good manufacturing practices (GMP): Careful desifjstandard operating procedures, detailed
registration of all operations, traceability and@mtability of materials, validation of methods,
continued training of personnel and strict biosafaeasures were considered important elements
of GMP in the case of pharmaplants intended torbegssed to obtain the active product.

iii.  Consumption/unauthorized use: Special measuresddsheumplemented to prevent unauthorized
use or.direct consumption of the plant. Availdbithay need to be strictly controlled.

4. Conclusion

While a number of general risk assessment elemapidy equally to pharmaplants and non-
pharmaplants, there are certain special charattsri®r pharmaplants that may require additionsk r

management approaches necessary to prevent orer¢oieiaisks to biodiversity and consider risks to
human health. It was recognized that most of tis=gees can be addressed with available methodslogie

In particular, knowledge gaps were found, includimghe following areas:
» The process by which pharmaplant products inadvigytenter the food/feed chain
» The phenotypic and pleiotropic effects of high levaf newly expressed proteins

» The potential effects of different and novel expeswutes of pharmaplants or their products to
human, animal and non-target organisms, includimgpict on foodwebs

» The potential for occupational hazards
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» The handling of pharmaplants when the intendedaudeir direct consumption
= The potential impact of disposal of pharmaplants the environment
» The efficacy of containment measures when traresfieis different country contexts.
GM Viruses for Management of Animal Populations
Chair: Helmut Gaugitsch (Austria)
1. Summary of Session

Discussion in the group followed the structureha background document on GM viruses. Contents and
recommendations of the background document asasethe presentation in the plenary on the subject
were generally endorsed by the participants. Theurfocused its discussion on environmental
applications of GM viruses for management of anipapulations but also took into account human,
livestock and wildlife health considerations wheppropriate.

2. Current state of the art / available science

While there is some experience with ‘intended’ asks of viruses, it is necessary to also look at
experience from other sources including animal lamdan disease epidemics and from data arising from
vaccination programs (the examples of small poxadehovirus were given). Two categories of possible
application were identified: vaccination againstmam and livestock diseases and vaccination of wild
species. In the first case, non-replicating vectme preferable from a safety perspective whilehin
second case, replicating vectors would be needed.

Several participants expressed the view that virase different from most other micro-organismshwit
respect to transboundary movement, persistenaedhateinfectous processes and basis for host
preferences. They were also of the view that vewse biologically unique in other respects as,veed).
frequency of mutation, recombination and horizoggaie transfer.

We should also consider experiences from cultureghich there is a close relationship between hisman
and animals (regarding viral transmission acrossigg barriers).

There is very little data or information on envinoental effects of GM viruses for management of ahim
populations; previous focus has been on humanioradmealth only. For example, biological contodl
rabbits in Australia was partially effective in ¢miling their population but with little study ofirus
ecology that included interactions between intr@duand natural strains, and there was little invthg

of measuring possible environmental effects. O#amples with foxes and mice were not further
pursued because of doubts regarding host spegifini efficacy. Recombinant rabies vaccines aed us
in baits in Europe and North America; again envinental monitoring of effects was limited.

It was mentioned that food safety work undertakewen the Food and Agriculture Organisation
(FAO)/World Health Organisation (WHOXodex Alimentariustaskforce as well as the World
Organisation for Animal Health (OIE), may be uséfuthe environmental context.

3. Available guidance and risk assessments includingesearch

In general, such guidance for environmental effe€t®lease of viruses (e.g. non-target effectgjtiser
non-existent or limited. Some international bodigsch as OIECodex Alimentarius EMEA, WHO
provide partial guidance by focussing on clinicgpects. For example, some issues like viral singcoi
the environment will have relevance for both clatiand environmental assessment.

New analytical methods such as meta-genomics, @idfdrmatics, when validated, offer a means to
measure and assess viral diversity and effectsirmvironment.

It was suggested to put risk assessment into comt@k social and economic considerations, but
implementation was not discussed. The need fardmating the work of different organizationstiis
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area was recognized. Risk assessment should b@lemented by meaningful monitoring and
surveillance programs.

There are only a few examples of research undeimvthys area.
4, Summary points based on discussion on gaps

There is minimal knowledge of biology of virusesicerning ecological interactions and thereforeaher
is a need for:

» developing consensus documents summarizing thérexlsody of knowledge e.g. vaccinia,
adenovirus

» identifying groups of viruses according to theieus

» developing or using existing international databggeg. relevant academic databases,
international virology databases, Biosafety Cleqktouse, Biosafety Information Resources
Centre)

In addition, there is minimal knowledge of indigesoviruses (in the environment of intended
introduction), in which case existing viruses, plolysalso including plant viruses, may be a sounte
possible recombination. In cases where regulategysions have been made, the BCH or other database
could be used to fill that gap. Also, there is imial knowledge of virus/host interactions (e.g.thasige,
co-evolution, cytopathogenicity). Therefore a ttkrecase-by-case approach, e.g. laboratory studies
followed by animal studies and/or field studiesidtidbe followed. In order to allow for a comparativ
assessment such an approach should be used fomidtiype and modified viruses. Caution was
however raised concerning extrapolation from latmoyaexperiments to field situations.

It was pointed out that techniques have becomdadlaj e.g. quantitative PCR-based techniques and
DNA-chip hybridization techniques, that will makeore detailed assessment of field situations passibl
in a cost-effective way.

Models for integration and generation of informatfor risk assessment can be used where availatle a
validated but confidence in them is dependent aeiiae knowledge and existing animal management
systems. Epidemiological models may be particulaglpful.

Where there have been releases, lack of followsapriitoring or surveillance data is an issue.

Finally it was recommended that international cdhmation and collaboration be encouraged within
existing organizations. The Convention on BiobadiDiversity or OIE could play a role here. This
could include encouraging research and capacitydibgi (North / South collaboration) and multi-

disiplinary themes.

C: Recommendations of the workshop

» The general principles and methodologies for rideasment contained in Annex Il to the
Cartagena Protocol also apply to transgenic fistest viruses and pharmaplants.

» There is insufficient guidance on how to perforskrassessment for GM fish and viruses.

» There may be a need to develop specific methodedaand specific protocols for generating data
necessary to conduct risk assessments for theefapplications of modern biotechnology,
especially for transgenic fish, trees and viruses.

» All risk assessments of living modified organisrhewd be conducted on a case-by-case basis as
the impacts depend upon the trait inserted, thipiestt organism and the environment into which
it is released.

» There is a need for additional data on several @ésmecessary to conduct risk assessments for
all four types of transgenic organisms (fish, treférsises and pharmaplants). Further research is

...
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recommended to fill the knowledge gaps, inter tleaspecific gaps identified during the
workshop.

Field trials may be a useful tool to generate datthe impacts of living modified organisms, but
may give raise to particular concerns. Alternativedels for generating data, as well as
containment and confinement measures should bedeved when appropriate. Baseline
information on the specific organism in questionasy important for risk assessments.

There is value in considering the differences betwiaighly managed systems such as cultivated
fruit trees and the more variable cases such ae smmast systems and animal wildlife, and
whether the recipient organisms are domesticatedi-domesticated or non-domesticated
species.

Existing guidelines, methodologies, baseline infation and risk assessments should be made
readily available through the Biosafety Clearingus® and other relevant international databases.
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