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INTRODUCTION

1. In its decision BS/11/12, the Conference of the Parties serving as the meeting of the Parties to
the Cartagendrotocolon Biosafetf CORMOP)welcomed the results of the testing of the Guidance on
Risk Assessment of Living Modified Organisms and invited Parties, other Governments and relevant
organizations to test or use, as appropriate, the Guidance in actual cases of risk assessmarnbahd as
for capacitybuilding activities in risk assessment

2. In the same decisiolGOPR-MOP extended thenandate of th®penended Online Expert Forum
on Risk Assessment and Risk Managem@ntline Forum) and the A#Hoc Technical Expert Group
(AHTEG) on Rik Assessment and Risk Management, and expaitsledmposition tancludeone new
member from each region

3. In the terms of reference for the Online Forum and AHTEGRMOP establisheéd mechanism

for revising and improving th&uidanceon the basis of théeedback provided through the testing
processwith a view to having an improved version of tBeidance by its eighth meetinjhe AHTEG

was also requested to make an attempt, while revising and improving the Guidance, to take into account
the topics pridtized by it, on the basis of the needs indicated by the Parties with a view to moving
towards operational objectives 1.3 and 1.4 of the Strategic Plan and its outcomes, for the development of
further guidance

4, In response to decisiddS-VII/12, the AHTEG held its first faceo-face meeting during the
intersessional period in Brasilia from 16 to [96vember2015.At that meetingpn the basis of the work

done by itssubgroup,the AHTEG considered the substantive proposals for changes to the Guidance, as
provided through the testing process and accepted, modified or rejected the proposals, with the necessary
justification, as appropriate.

5. At that meeting, the AHTEG alsconsidered whether and how the topics prioritized by the
AHTEG in document UNEP/CBD/BS/AHEG-RA&RM/5/6 for the development of additional guidance

could be incorporated into the Guidance or be developed as separate guidance, and decided that the
following topics could be addressed prior to the eighth meeting of-l@dOP by adding relevant
information boxes or sentences under the relevant sections of the Roadmap:

(@) “LMOs introduced in centres of origin and
introduction into unmanaged ecosystems” (to be ad
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(b) “LMOs <created t hrtechnigies, engirmeered fto prabdude NIgRNA or
ds RNA" and “LMOs containing RNAiIi ";

(© “I'ntegrating human health into the environ
the topics “Nutritionally altered Il i vi ngcalmodi f i ¢
products”, as appropriate;

(d) “Synergistic impacts of different herbicid
accompanies certain LMOs";

0. Also at its meeting in Brasilia the AHTEG decided to recommend to GBIPP the
development of additional gliance on “ri sk assessment of LM fi st

produced through synthetic biology” -MOPihodestopr epar
facilitate its consideration and further development of the topics as separate guidance

7. As a resulof the work in paragraphs 5 and 6 abatee list of topicgrioritized by the AHTEG
for the development of additional guidance was reduced to the folldiventppics:

@) Risk assessment of living modified microorganisms and viruses;

(b) Risk assesment of living modified animals;

(© Risk assessment of LM insects;

(d) Risk assessment of living modified organisms produced through cisgenetics;

(e) Co-existence between LMOs and RbRIOs in the context of small scale farming.

8. To finalize theprocess asglescribedn decision BSVII/12, the AHTEGheldits second facéo-
face meetingluring the intersessional periodMexico City, from 25to 29 July 2016.

9. The meeting was attended BY members of the AHTEGrom 16 Parties (Austria, Belarus,
China, Colombia, CroatiaFinland, India, Japan, Kenya, Malaysia, Mauritania, Mexico, Norway,
Republic of Moldovaand Slovenia),one other Government (Canada), and three organizations (Bayer
Cropscience, University of CanterbuagdUniversity of Minnesota The list of participats is presented

in annexl.

ITEM 1. OPENING OF THE MEETI NG

10. The meetingvas opened by Mr. Helmut Gaugitsch, Chair of the AHTEG, atr. on25 July
2016

11. In his opening remarks, Mr. Gaugitsch welcomed the participants to the AHihEtBankedthe
Governnent of Mexico for providing financial support and hosting the meeting

12. Ms. Natalhie Campos RealeBjrector of the InteiSecretarial Commission on Biosafety of
Genetically Modifed Organisms (IBIOGEM), welcomed the participants of tA¢diTEG on behalf of
the Government of Mexicand thankedhe Ministry of Foreign Afairs for hostingthe meeting. In her
remarks,Ms. Campos Reales highlighted the importanteisk assessment and risk management of
LMOs to theGovernment of Mexico andommendedhe AHTEGIn its engagemenand exchange of
scientific viewson modern biotechnology and risk assessment method@bgnoted thamportanceof
providing scientifically-soundguidance on this topic to couigswith a view to facilitating their safe use
of LMOs.
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13. Mr. Charles Gbedemah, on behalf of Mr. Braulio Dias, Executive Secretary of the Convention on
Biological Diversity, welcomed thenembers of thHTEG, noting the importance of the work ahead
and thanked the Government MExico for their financial support anthostingof the meetingHe also

noted and thanked the Government ofekdco for hosting the upcomingoncurrent meetings of the
Partiesto the Convention and its Protocols hisremarks Mr. Gbedematexplainedthat the concurrent
meetings wuld provide a opportunity to createsynergies,linkages and interactionsbetweenthe
Convention and its Protocols,and encouraged th&HTEG to take this into accountin its
recommendationto CORMOP.

14. Following the opening remarks, Mr. Gaugitshphasizethe importaice of the work ahead and
elaborated on the nedor moving forward towardachievingthe mandateof the AHTEG as outlined in
its terms of reference in decision B8I/12. He alsoexpressed hisonfidencen the expertisavailable
in the AHTEGand spiritof compromiseamong the member§&urthermore, haoted with regret that
some members of théHTEG were unable to participate in the meetihge to circumstances beyond
their control

ITEM 2. ORGANIZATIONAL MATTERS
2.1. Election of a Rapporteur

15. Ms. Wadzangi Mandivenyi, from South Africa, wasominated and endorsed the Rapporteur
for themeeting

2.2.  Adoption of the agenda

16. The Chairtheninvited theAHTEG to consider and adopt the provisional ageasl@reparethy
the Secretariah documentUNEP/CBD/BSRARM/AHTEG/2016/1/1 The agenda was adopted without
amendments.

23.  Organization of work

17. TheAHTEG thereafteragreed to proceed on the basis of the organization of work contained in
annex lof documenUNEP/CBD/BS/RARM/AHTEG/2016/1/Add.1

18. TheAHTEG further agreed to work in plenary and to break into smaller groups, if needed.
ITEM 3. SUBSTANTIVE ISSUES

19. The AHTEG was invited to deliberate on the substantive issues in accordance with the agenda
for the meeting, taking into account the background documimatswere made available by the
Secretariaprior to the meeting

20. To provide contexfor the substantive discussions,.Mhaugitsch inviteds. Manoela Miranda
of the Secretariat of the Convention on Biological Diversgygive a presentation on th@aysis of the
data as submitted by Parties in their third national repqestaining to Articles 15 and 16 of the
Cartagena Protocol.

21. In her preentation Ms. Mirandanotedthat 38per centof the reportingPartiesindicated that
theywereusing the Guidagefor training in risk assessmermnd 22per cenbof the reporting?artiesalso
indicated that they udethe Guidancen conductingactual risk assessmenthe alsoshowed a cross
analysis between the results of the testing and the answers to theatiorchl report where the majority
of Parties who conducted actual risk assessments also indicated Baidhecewas useful.
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3.1. Improvements tothe Guidance on the basis of the comments and
suggestiongrovided through its testing
22. In introducing theagenda item,he Chairprovided a briefoverview of theoutcomes of the

previousmeeting of the AHEG, including its decisiorto develop information boxes on a number of

topicsto be incorporated into the existing Guidarae well as the development oftlines on the topics

of*ri sk assessment of LM fish” and “ri sk afersessmer
the development of separate guidantiee Chair also reviewed theork planthat wasdevelopedat the

previous meetingoutlining a sees of activitiesundertaken byhte Online Forunand the AHTEGINn

preparation for théaceto-facemeeting of the AHTEG

23. Following his introduction, the Chair invited Ms. Marja Ruohohehto (Finland), on behalf of
the AHTEGsubgroupthat hadworked on daft revisions to the Guidandyy taking into account the input
from the Online Forumto present a summary dfie work of the subgrougsince the last faetw-face
meeting of the AHTEGIn addition to Ms. Ruohonebehto, the subgroup was composed of Ms.
Francisca Acevedo, Mangela Lozan and Mr. Wei Weind was assisted byMs. Ruth Rupreht inhe
provision of examples.

24, Following the presentation by Ms. Ruohoraghto, the Chair of the AHTEGntroduced the
working documentsindinvited theAHTEG to review he proposedhangeswhich were made since the
last faceto-face meeting of the AHTEG in responge commentsfrom the testing. He invited the
AHTEG towork on the basis dhe background document UNEP/CBE%/RARM/AHTEG/2016/1/2

25. In its deliberations, th@HTEG consideredeach of the substantive and editorial proposals for
changes to the Guidance. The proposed changes were accepted, modified or rejected, as appropriate.

26. During a second reading of the Guidance, the Chair invited the AHTEG to corkaler
remaining issues that were outstandingrelation tothe comments from the testing, as well as missing
examplesand invited volunteers to providieem

27. All comments provided through the testing of the Guidance vesiewedand taken omoard to
the extent pssible. The resulting revised and impro@uidance is contained in annexdlthis report

32. Devel opment of an out llivingeoddiedf i Rih®k asses

28. In introducing thisagenda item, the Chair invited Ms. Janne @vrebg Bohnhorst (Ngraay)
behalf of theAHTEG subgroupresponsible fodeveloping a draft outline on the risk assessment of living
modified fish to summarizethe work of the subgroupin addition to Ms.@vreba Bohnhorst, tk
subgroup was composed ofMr. Ossama AbdelKawy, MrHrvoje Fulgosi and Ms. Wadzanayi
Mandivenyi.

29. In hersummary Ms. @vrebg Bohnhorsxplainedthat, following the discussions of the Online
Forum on the issue, treulgroupidentified considerationshat werenotedas particularly relevant to the
risk assessent of living modified fish. Based ondlinformation a draft outline was developdyy the
subgroupand presented to th@nline Forum for their review and feedba&he noted that thdraft
outlineto the AHTEGwasthe result of furthemput from the Ohne Forum

30. Following the introductionthe Chair invited th&AHTEG to work on the basis of the background
documentUNEP/CBD/BS/RARM/AHTEG/2016/1/4The AHTEG, after commending the work of the
subgroupreviewed the proposeditine andagreed on revision®r its improvement.
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31. The resulting outline on t he astanthizedin @aneex s s me n t
the presenteportis to facilitate theconsideratiorof the development of guidance ornstkopic by the
CORMOP

3.3. Developmentd an outl i ne o n livinRrhoslifked as s es s ment
organismsproduced throughsynh et i ¢ bi ol ogy o

32. In introducing this agenda item, the Chair invited Ms. Mirandsutnmarizethe processor the
development of draft outline orthe risk assessment of LM@soduced through synthetic biolaghis
process involvedinput from a subgroup composed bfr. Nobuyuki Fujita, Mr. Chan Kok Gan,
Ms. Maria Mercedes Roca, MRuth RuprehtMr. Hari SharmaMr. Wei Wei, Mr. Jack Heineman and
Ms. Esmeralda Prat

33. Ms. Miranda provided an overview of the discussidhat took placainder the Online Foruno
provideinput to the AHTEGon the topic In her comments, she highlighted that the views shared in the
Online Forum were divergentith regard towhether or not the devgdment of guidance on this topic
was necessary at this time. Mdirandaexplained that the Secretaritdking into account views shared
through the Online Forum developed a background document
(UNEP/CBD/BS/RARM/AHTEG/2016/1)6 containing elements that nya be relevant to the risk
assessment of LMOs produced through synthetic bidiegyniques

34. Following the introduction, the Chair invited tABITEG to a brainstorming session to identify a

way forward on how best tapproachthe development of the draft tine onthe risk assessment of
LMOs produced through synthetic biology, as was agreed at the previous meeting of the AHTEG, while
taking into account the diverging views on the topic.

35. The Chair synthesized the views put forward by ARWTEG and preparedCh ai r 'The t e x t .
AHTEGr evi ewed the proposed Chair’s text and provi de

36. The Chair prepareda secondC h ai r 'oa this agenda itemwhich was considered and
amended by the AHTEG.

37. The resul ti ngskasaessmenhdMO® producdd ehrotigh synthetic bioldggis
contained in annex IMo the presentreportis to facilitate the consideration of the development of
guidance on tis topic by COPMOP.

34. Updating the list of background documentdinked to the Guidance

38. Under this agenda item, the Chair provided a brief overview of the relevant decisions relating to
the updating of the list of background documdimtised to the guidance as well as the way forward that
was agreed upon by th&HTEG at its last meting. Following his introductignthe Chair invited

Ms. Dina Abdelhakim of the Secretariat of the Convention on Biological Diversitgive apreseration

on the progress made towards the indexing and validation of the background documents.

39. In her presentation Ms. Abdelhakimshowedthe proposed locatioria the Guidancavhere the
background documents could be linkadda possible way forward on how to implement the request in
decision B8&VII/12 to indexeach document for author affiliation.

40. In reflecting on the proposal made by the SecretariatAHiEEG supported the way forward that
was presented regarding the new locations where the background docooutshke linked and invited
the Secretariat to continue its warkupdatng and validaing thebackground documents.
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41. TheAHTEG alsonoted possiblehallenges in the process of indexing the background documents
based on author affiliation, particularly in cases where tivere multiple authors or where the author
was unknown. In establishing a wlyrward on this mattethe AHTEG agreed that documents should be
indexed based on thaffiliation of the corresponding author of the document anishstitution taking
responsibility for the documerds appropriate

ITEM 4. RECOMMENDATIONS TO T HE CONFERENCE OF THE PARTIE S
SERVING AS THE MEETI NG OF THE PARTIES TO THE CARTAGENA
PROTOCOL ON BIOSAFETY

42, Under this agenda item, the Chair invited the AHTEG members to formulate their
recommendations, including future actions on risk assessment and risk mamagenu®nsideration by
the Conference of the Parties serving as the meeting of the Parties to the Protocol at its eighth meeting.

43. The Chair established a stepwise approach in which he invited all AHTEG members to
brainstormand share viewsn possible reommendations for COROP.

44, The Chair synthesized the views and proposed a set of draft recommenthatiomgorm of a

Ch ai r 'fa further xxdnsiderationMembersof the AHTEG representin@artieswere invited to
consider t he $medeliberasonthegagteed orthetset of recommendations attached
hereto as annéx for consideration by the Parties at their eighth meeting.

ITEM 5. OTHER MATTERS

45, Under other matters, members of the AHTEG recognized, with appreciation, the significant
cortribution by members of the AHTEG Subgroup in making proposals for revising and improving the
Guidance, as well as the contribution of members who participated in the drafting of the outlines on
living modified fish and synthetic biology. They alegpresed their appreciation tthe AHTEG Chair

and the Secretariat for their leadership and quality of work throughout the process

ITEM 6. ADOPTION OF THE REPORT OF THE AHTEG

46. The draft report was introduced to thEITEG by the Raporteur. The Chair invited memits of
the AHTEGto consider the report, which was adoptedrasly amended.

ITEM 7. CLOSURE OF THE MEETI NG

47. The meetingvasclosed orfriday,29 July 2016t 1:00p.m
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PREFACE

In accordance with the precautionary apprositte objective of the Cartagena Protocol on Biosafety
(hereinafter “ Pr ot ouwaringlaih gdequate levet obprotectiontinrthie field bfehe t o
safe transfer, handling and use of living modified organisms resulting from modern biotechnology
that may have adverse effects on the conservation and sustainable use of biological diversity, taking

also into accountiskst o human heal t h, specificall yYYFdrocusi

this purpose, Parties shall ensure thsk assessmentre carried out to assist in the process

making informed decisions regarding living modified organisms (LMOSs).

In accordance with Article 15 of the Protocol, risk assessments shall be carried out in a scientifically
sound manner and be based, at a minimum, on information provided in accavidhrfaicle 8 and

other available scientific evidence in order to identify and evaluate the possible adverse effects of
LMOs on the conservation and sustainable use of biological diversity, taking also into account risks

to human healtfi.
Four general pnciples of risk assessment are specified in Annex Il of the Protocol:

T “Ri sk assessment should be carried out in &
can take into account expert advice of, and guidelines developed by, relevant intdrnationa

organi zations

T “Lack of scientific knowledge or scientific

indicating a particular | evel of risk, an a
T “Ri sks associated with | isthereofhshooid lkkicansideredinor g a
the context of the risks posed by the mmoadified recipients or parental organisms in the
|l i kely potenti al receiving environment?’
1 “I'n order to protect the environment, the precauti diesary app
Where there i@ threats of serious or irreversible damage, lack of full scientific certainty shall not be used as a reason for postponing
costef fecti ve measures t o prevent environment al degradation”

Developmentht:
(http://www.unep.org/Documents.Multilingual/Default.asp?Document|D=78&ArticlelD=),168nd in line with Articles 10.6
(http://bch.cbd.int/protocol/text/article.shtml?a=epl) and 11.8 lfttp://bch.cbd.int/protocol/text/article.shtml?a=eph of the
Protocol.

2 http://bch.cbd.int/protocol/text/article.shtml?a=eph

Article 15, paragraphi (http://bch.cbd.int/protocdixt/article.shtml?a=cph5).

I |



http://www.unep.org/Documents.Multilingual/Default.asp?DocumentID=78&ArticleID=1163
http://bch.cbd.int/protocol/text/article.shtml?a=cpb-10
http://bch.cbd.int/protocol/text/article.shtml?a=cpb-11
http://bch.cbd.int/protocol/text/article.shtml?a=cpb-01
http://bch.cbd.int/protocol/text/article.shtml?a=cpb-15
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T “Ri sk assessment s h o u-by-dasebbasis.cTher requireddinfoomation o n
may vary in nature and level of detail from case to case, depending on the LMO concerned,

its intended use and the | ikely potenti al r

This document was developed by the Ad Hoc Technical Expert Group (AHTEG) on Risk Assessment
and Ri& Management, with input from the Opended Online Expert Forum, in accordance with

terms of reference set out by the Conference of the Parties serving as the meeting of the Parties to the
Cartagena Protocol on Biosafety (COMP) in its decisions B®//11 and BSV/12 in response to

an identified need for further guidance on risk assessmentof !NIGs. i s i ntended t o
document” that may be updated and i mproved as

the Cartagena Protocol on Bioggfe
OBJECTIVE AND SCOPE OF THIS GUIDANCE

The objective of this Guidance is “to provid
Governments in implementing the provisions of the Protocol with regards to risk assessment, in
particular its Annex lll andas such, this Guidance is not prescriptive and does not impose any
obligations upon the Partied. It may be used by any stakeholder involved in the risk assessment

process, including risk assessors who work at or advise national competent authuditigsk a

assessors representing the applicant or developer of the LMO.

This Guidance focuses on LMOs that result from the application of modern biotechnology as per

definition in Article 3(i)(a) of the Protocol.

It consists of three partdart | containig a Roadmap for Risk Assessment of LM®srt I
containing guidance for the risk assessment of specific types of LMOs or traits, and Part Il
containing guidance for monitoring of LMOs released into the environment. The topics contained in
Parts Il and Il were identified and prioritized by the Opended Online Expert Forum and the
AHTEG in accordance with the terms of reference in decisiont/BS and BSV/12, taking into

account the need of Parties for additional guidance.

4 The Operended Online Expert Forum and the AHTEG Risk Assessment and Risk Managemeere established by the COP
MOP in decision BSV/11. These groups were extended by the eMIPP in decision BS//12. The terms of refence for these
groups may be found in the annexes to decisionr$VBEL and BSV/12
(http://bch.cbd.int/protocol/decisions/decision.shtml?decisionID=11690
http://bch.cbd.int/protocol/decisions/decision.shtml?decision|D=1R 325

5 DecisionBS-V/12.
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PART |
1. ROADMAP FOR RISK AS SESSMENT OF LIVING M ODIFIED ORGANISMS
1.1. BACKGROUND

This®* Roadmap” p r o eniideérdifging gnd ievhlaating ehe potential adverse effects of

living modified organism¢LMOs)° on the conservation and sustainable use of biological diversity in

the likely potential receiving environmetaking into account risks to human health, consistent with

t he Cartagena Protocol on Biosafety ( “the Pro
Il.” Accordingly, this Roadmap supplements Annex Il arayralso supplement national biosafety
policies and legislations. Specifically, the Roadmap is intended to facilitate and enhance the effective
use of Annex lll by elaborating on the steps and points to considdentifying and evaluating the
potential averse effectand by pointing users to relevant background mateiiaks.Roadmap may

be useful as a reference for designing and planning risk assessment approaches. It may also be useful
for risk assessors when conducting or reviewing risk assessmdrds artool for training. Based on

its use, the Roadmap may also be useful for identifying knowledge gaps.

The Roadmap introduces basic concepts of risk assessment rather than providing detailed guidance
for individual casespecific risk assessments.gnar t i cul ar, the “el ements

the Roadmap may need to be complemented by further information during an actual risk assessment.

This Roadmarovides information that is relevant to the risk assessofeaait types of LMOsand
their intended uses within the scope and objective of the Protocol. However, it has been developed
based largely on living modified (LM) crop plants because most of the available knowledge has been

gained from these organisths.

The Roadmap may be applied td @gpes of environmental releases of LMOs, including those of

limited duration and scale as well as léegn and largescale releases. Nevertheless, the amount and

6 Including products thereof, as described in paragraph 5 of Annex Il to the Protocol.
7 Article 15 (ttp://bch.cbd.int/protocol/text/article.shtml?a=ep) and Annex IlI
(http://bch.cbd.int/protocokixt/article.shtml?a=cpi3).

8 Decisions on LMOs may be founiditer alia, in the BCH fttp://bch.cbd.intand links to national and intergovernmental websites
relevant for this purpose. In accordance with BCH recortdheatime of writing, 341 LM crop plants, 10 LM trees, 2 LM animals
(including oneLM mosquito) and 15 LM microorganisms had been approved for release into the environment.



http://bch.cbd.int/protocol/text/article.shtml?a=cpb-15
http://bch.cbd.int/protocol/text/article.shtml?a=cpb-43
http://bch.cbd.int/
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type of information available and needed to support risk assessments of the differendftypes

intentional release into the environment will vary from case to case.

1.2. INTRODUCTION

According to the Protocol, risk assessment of LMOs is a structured process conducted in a
scientifically sound and transparent manner, and oasaby-casebasis inthe context of the risks

posed by the nemodified recipients or parental organisms time likely potential receiving

environmentlts purpose is to identify and evaluate théeptial adverse effects of LMQand their

likelihood andconsequencess well as to make a recommendation as to whether or not the estimated

overall risk is acceptable and/or manageable, tpkito consideration any relevant uncertainty. Risk
assessments serve as a basis for deemaiang regarding LMOs. This Roadmap describes an

integrated risk assessment process in threesscions:
1 Overarching Issues in the Risk Assessment Process
1 Plaming Phase of the Risk Assessment

1 Conducting the Risk Assessment

Inthe suss ect i on “Conducting the Risk Assessment’”,
Annex Ill of the Protocol to describe the risk assessment process as a sequence of five steghs, in wh

the results of one step are relevant to the others:

1 St e p Ildéntification of any novel genotypic and phenotypic characteristics associated with
the living modified organism that may have adverse effects on biological diversity in the

likely potentialreceiving environment, taking also into account risks to human health;

1 St e p EvAluatioh of the likelihood of adverse effects being realized, taking into account the
level and kind of exposure of the likely potential receiving environment to the hvadtified

organi sm’”;
T St epeval uati on of the consequences should th

1 St e pEstination’ of the overall risk posed by the living modified organism based on the
evaluation of the likelihood and consequences of the idehtibdverse effects being

reali zed?”
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1 St e p ReBommehdation as to whether or not the risks are acceptable or manageable,

including, where necessary, identification

Importantly, the steps of a risk assessment mag\isited when new information arises or a change

in circumstances has occurred that could change its conclusions. Sinskubs included in the
‘“Establishing the context and scope’ section b
the rik assessment and again at the end of the risk assessment process to determine whether the

objectives and criteria set out at the beginning of the risk assessment have been addressed.

Ultimately, the concluding recommendations derived from the risk assatane taken into account
in the decisiormaking process for an LMO. In the decisimraking process, in accordance with the
country’s policies and protection goal s, ot her

also be takenintoaccountaad e | i sted in the | ast paragraph o

The risk assessment process according to this Roadmap is illustrated below as a flowchart, which
may also serve as a checklist. The Roadmap also contains a number of text boxes providing

additional information on specific topics (Il ab
In addition to the approach described in the Roadmap, other approaches to risk assessment exist.
»See references relevant to Alntroductiono:

http://bch.cbd.int/onlineconferences/ra quidance references.shtml



http://bch.cbd.int/onlineconferences/ra_guidance_references.shtml

OVERARCHING ISSUES —’

PLANNING PHASE OF
THE RISK ASSESSMENT

Protection goals, assessment
and measurement endpoints
Protection goals and endpoints
are aimed at defining and
targeting the processesin the
risk assessmentby helping
frame the questions at the
beginning of the assessment

Quality and relevance of
information

The required information
should be of acceptable
scientific quality. It may vary in
nature and level of detail from
case to case, depending on the
LMO concerned, its intended
use and the likely potential
receiving environment.

Identification and
consideration of uncertainty
An analysis of uncertainty
includes considerations of its
source and nature and focuses
on uncertaintiesthat canhave a

Establishing the contextand
scope

May involve an information-sharing
and consultation process with risk
assessors, decision-makers and
various stakeholders prior to
conducting the actual risk
assessment, to identify protection
goals, assessment endpoints and risk
thresholds relevant to the
assessment, in line with the
country’s policies and regulations.

The choice of comparators

Risks associated with an LMO
should be consideredin the context
ofthe risks posed by the non-
modified recipients or paretntal
organisms in the likely potential
receiving environmett.

Problem formulation

Problem formulation is an approach
to structuring a risk assessment
which starts by identifying
protection goals, assessment

’ CONDUCTING THE RISK ASSESSMENT

Step 1: “Identification of any novel genotypic and phenotypic characteristics
associated with the living modified organism that may have adverse effects on
biological diversity in the likely potential receiving environment, taking also into
account risks to human health ™

Fy

!

Step 2: “Evaluation of the likelihood of
adverse effects being realized, taking into

Step 3: “Evaluation of the consequences

adverse effectsbeingrealized ”

account the level and kind of exposure of  [¢=P| ) <
e should these adverse effects be realized.
the living modified organism ™
Step 4: “Estimation of the overall risk posed by the living modified organism
based on the evaluation of the likelihood and consequences of the identified — |d——

3

Step 5: “Recommendation as to whether or not the risks are acceptable or manageable,
including, where necessary, identification of strategies to manage these risks.”

Evaluate whether the set objectives and criteria were met, and
consider new information or management options

assessmen

significant impact on the endpoints and potential adverse P -Were the objective and criteria that were setat the beginningofthe | _
conclusions of the risk effects. CDHCEW% models are then h Ll risk assessment met? YES
assessment. developed as Worllcmghypothems e NO = | *Hasnew informationarisen that could change the conclusions? VES
scenariosto describe how the LMO *Have new risk managementoptions been identified that address or
may have adverse effects on the NO | remove identified risks? YES
assessmentendpoints.
A
v v v
Related Issues | ERELEEELE p Consideration of Risk Management Strategies, and Decision-making
Figure 1. The Roadmap for Risk AssessmenT he f | owchart il lustrates the risk
“Pl anning phase of the ri sk asses sideatifiyandevauatethe hateatial ddverde efieads ot LM@®son i s k ¢

the conservation and sustainable use of biological diversity in the likely potential receiving environmepglsakinto account risks to human
health. As results are gathered at each step and new information arises, risk assessments may need to be conduatee imamiter where
certain steps may be revisited as shown by the solid and doeddied arros: The box around steps 2 and 3 shows that these steps may
sometimes be considered simultaneously or in reverse order. Dotted arrows indicate the flow to and from issues owgkidsshesment

process.
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1.3. OVERARCHING ISSUES IN THE RISK ASSESSMENT PROCESS

This section provides guidance on matters that are relevant to all the steps of the risk assessment. It
focuses on considerations related to protection goals, assessment and measurement endpoints, the
quality, source and relevance of information to tlesidered in the risk assessment, as well as means

to identify and describe the degree of uncertainty that may arise during the risk assessment.

The need for further relevant information about specific subjects may arise during the risk assessment
processn which case additional information may be requested from the LMO notifier or developer.
Consultative meetings between regulators and the developers of the LMO may be helpful in the
planning phase of the risk assessment and allow for discussions rgdhedapproaches that may be

taken in the assessment. Discussions may also take place during the assessment to facilitate a

common understanding among the different players, and completion of the assessment.

Independent experts with a background in relewsaentific disciplines can serve in an advisory
capacity during the risk assessment process or perform the risk assessment themselves, in line with
Article 21 of the Protocol.

1.3.1Protection goals, assessment endpoints and measurement endpoints

The potentiakffects caused by an LMO may vary depending on the characteristics of the LMO, on
how the LMO is used, and on the environment exposed to the LMO. The effects may be intended or
unintended and may be considered benglic neutral or adverse depending on the impac&aon

protection goal

Adverse effects angrotection goals are closely interlinked conceptotection goals are broadly
defined and valued environmental outcomes (e.glivéosity conservation or ecological functions),

sometimes called general protection goals or generic endpoints.

Examples of protection goals that focus on biodiversity conservation include species of conservation
value or cultural value, species in tHgON Red List and protected habitats and landscapes.

Protection goals that focus on ecological functions include soil, water and production systems.

9 IUCN Red List of Threatened Specidstp://www.iucnredlist.org
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Sustainable ecosystems as protection goals include both biodiversity conservation and ecological

functions

@ Protection goals and the conservation of centres of origin and genetic diversity

Among widely recognized protection goals is the conservation of centres of origin and of genetic

diversity. In accordance with the International Treaty on Plant GeRetsources for Food ar

Agriculture, a "centre of origin" is defined as a geographical area where a plant species

d

, either

domesticated or wild, first developed its distinctive properties, and a "centre of crop diversity" is

defined as a geographic area tadmng a high level of genetic diversity for crop species in in

conditions.

Centres of origin and centres of genetic diversity contain unique genetic resources,saphnaisl
relativesand are important eas for in situ conservation of biological diversity in the contex

article 7(a) and annex | of the CBD.

In line with article 8 of the CBD, with special consideration of article 8(j), it should be recog

that within centres of origin and centresgeietic diversity are important pools of genetic resou
that are valuable to humankind. Given their biological, cultural, social and economic signif
centres of origin and centres of genetic diversity transcend national protection goals aaghje
borders, and are seen as a form of human heritage. They are continuously changing through

domestication and diversification processes through a close and intricate relationship with ind

situ

t of

nized
rces
cance,
pgr
ongoing

igenous

and local communities embodying traditional ltféss with traditional knowledge, innovations and

practices relevant for the conservation and sustainable use of biological diversity.

A consideration to be addressed during the risk assessment is whether wild relatives or lan
the LMO exist in tle likely potential receiving environment and, if so, whether gene flow could
and what would be the consequences. Another consideration is whether the LMO would have
characteristics or would be managed in such a way that could give it antaagvaver othe

organisms and which could lead to adverse effects such as displacement and higher mortality

Jraces of
Dccur

> genetic
"

of other

species (see step 1).
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Risk assessments of the introduction of an LMO into a centre of origin or centre of genetic diversity
should be conacted in such a way that a high degree of certainty is achieved in all steps|of the
process (steps-3) to ensure that no adverse effects on relevant species are expected, while taking

into account the conservation and genetic variability of the origeratygpes.

In order to adequately answer these considerations and to perform a sound risk assessment that can
properly inform decision making, it is fundamental to have access to adéagsatmedata, models
to simulate gendlow, and methods to identify and quantify possible consequences related|to the

introduction of LMOs in centres of origin and centres of genetic diversity.

Due to the importance of centres of origin and centres of genetic diversity as repositories |of wild
relatives, landraces and genetic resources, if any potential adverse effects are identified during the

risk assessment, they are typically considered to have major consequences.

* http://www.planttreaty.org

The choice of protection goals may be informed by the Party's national policies and legislation as
well as Annex to the Convention on Biological Diversity as relevant to the Party responsible for

conducting the risk assessment.

Assessment endpoirsdmeasuremergndpointsare derived from the relevant protection goals.

“Assessment endpoints” and “measurement endpoi

difference between these terms is key to understgniik assessment.

“Assessment endpoints” defi ne, i n operational
protected. An assessment endpoint must include an entity (e.g. such as salmon, honeybees or soil
guality) and a specific attribute of that éytfe.g. such as their abundance, distribution or mortality).
Assessment endpoints are sometimes called specific protection goals or operational protection goals.
Assessment endpoints may serve as startskng po
assessment (see below). Examples could include the abundance of an endangered bird species in a

defined agricultural ecosystem or abundance of bees in the same area.


http://www.planttreaty.org/
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“Measur ement endpoints” is a quantifimmbahde i nd
constitutes measures tlzard and exposure. Examples include fitness, groasidl density of

species being used as assessment endpoints.

Protection goals and endpoints are aimed at defining and targeting the prooesbesrisk
assessment by helping frame the questions at the beginning of the assessment, for example during the
problem formulation phase. The choice of relevant protection goals and assessment endpoints may
change after an objective analysis of the charestics of the LMO or as the risk assessment

progresses and new information emerges.

Using the ecosystem services approach to identify specific protection goals

At the beginning of a risk assessment, components of the envirormspaties, habitatsesvices,
etc.—that are valued by civil society and/or protected by relevant laws or policies are identified. This
exercise establishes the-called environmental policy protection goals: environmental components
that should be protected and taken intwaant when conducting risk assessments to support
regulatory decisiommaking. These protection goals can vary between jurisdictions, but their averall
aim is to limit harm to the environment, including biodiversity and ecosystems, caused by human

activities.

However, policy protection goals, such as protecting biodiversity, are often too generic and vague to
be useful for a risk assessment, and need to be translated into assessment endpoints that are specific
and operational. One way to translate poliogt@ction goals into assessment endpoints for the| risk
assessment of LMOs is to use an ecosystem services approach. Ecosystems support human societies

through functions and processes known as ecosystem services.

Investigating the environment through tharfrework of ecosystem services enables us to recognise
the wide range of benefits to humans provided by ecosystems and biodiversity, to identify how
changes in these environmental components influence humaiewsl, and to account for both

economic andrevironmental considerations.

For example, the European Food Safety Authority (EFSA) is exploring ways to use the ecosystem

services approach to define operational protection goals by: (1) identifying relevant ecqsystem
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services potentially impacted by thee of LMOs; (2) identifying service providing unitstructural
and functional components of biodiversityhat provide or support these ecosystem services; and (3)
specifying the level of protection for these service providing units. The level otpootés defined
by the ecological entity of the service providing unit and its attribute, as well as the maximum

magnitude and spatial/temporal scale of tolerable impact.

The ecosystem services approach provides anteasyerstand tool and a common daage,
which facilitates communication among stakeholders (including government agencies, ditizens,
academia, risk assessment bodies, industry andgoagrnmental organisations). Improved
communication will help to clarify the often divergent positionswdrat is of value and why, and
reveal the underlying values and ideals held by the different actors. Communication jamong
stakeholders will also be essential to reach agreement on operational protection goals, which should
be set before risk assessmentsameducted, as they define the framework in which scientistg and

risk assessors operate when performing the risk assessments.

Source:http://bch.cbd.int/database/record.shtml?docuideth 10897

1.3.2Quality and relevance of information°

An important question in a risk assessment is whether the available information that will be used to
characterize the risk posed by the LMO is relevant, and where possible, supported by dadedce
information, including peereviewed data, as well as specialized knowledge, indigenous and

traditional knowledge.

In some regulatory frameworks, the criteria for evaluating the quality of scientific information are set
out in policies developed by the comgmt authorities. Furthermore, risk assessors will bring
professional expertise and will be capable of making determinations on the quality and relevance of
information using their own experience. A number of points that are typically considered to ensure
the quality and relevance of the information used as well as the outcome of the risk assessment

include

10The tiemfmmr‘mati on” i s being used in a broad sense and includes


http://bch.cbd.int/database/record.shtml?documentid=110897

UNEP/CBD/BSRARM/AHTEG/20164/6
Page25

Criteria for the quality of scientific information:

The information used in the risk assessment should be of acceptable scientific quality and tonsisten
with best practices of scientific evidengathering and reporting. An independent review of the
design andnethods of studiessed in the risk assessment, and of the quality of reporting may be

conducted to ensure appropriate data quality.

Appropriate gatistical methods should be used where appropriate, to strengthen the scientific
conclusions of a risk assessment and be described in the risk assessment report. Risk assessments

frequently use data generated from multiple scientific fields.

The reportingof the information, including itsourceand methods used, should be sufficiently
detailed and transparent to allow independent verification and reproduction. This would include
ensuring that relevant information and/or sample and reference materialsgable and accessible

to risk assessors, as appropriate, taking into account the provisions of Article 21 of the Protocol on

the confidentiality of information.
Sources and relevance of information for the risk assessment:

Information to be used throbgut the risk assessment may be derived from a variety of sources such

as new experiments, pe@viewed scientific literature, expert opinions, data gathered during the
development of the LMOs, as well as from previous risk assessments, in partictiter $ame or

similar LMOs introduced in similar receiving environmeHitsinformation from national and
international standards and guidelines may also be used in the risk assessment, as well as knowledge
and experience of, for example, farmers, growergnsists, regulatory officials, and indigenous

peoples and local communities.

Information is considered relevant if it is linked to protection goals or assessment endpoints, or if it
contributes to the identification and evaluation of potential adversetefdf the LMO, outcome of

the risk assessment or decisimaking.As such, not all information on the LMO or its parental
organisms available in the literature may be considered relevant to the risk assessment. Likewise, not

all sources of information nydbe considered of equal relevance.

11 Risk assessmentan be foundinter alia, in the BCH http://bchcbd.in) and ICGEB fittp://rasm.icgeb.olg
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Sources of information and their relevance

The figure below illustrates how the risk assessor may view the value of some different t
information. The overall value of the data for the risk assessment is ogemt® r i s k

judgment.

Sources of information Relevance
Validated studies conducted according to international protocols meeting defined standards.
Peer-reviewed literature - strongly supported reports, models, theories.

Peer-reviewed literature - single report, model, theory.

Opinion of an expert familiar with the LMO, parent organisms, modified traits, ecology.
General biological principles.

Other technical reports, specialist literature, government reports, etc.

Increasing value

Experience of no reports of a problem.

Unsubstantiated statements.

Source:http://bch.cbd.int/database/record.shtml?documentid=110898

ypes of
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Moreover, information that is considered relevant to a risk assessment wilraarycase to case

depending on the nature of the modification of the LMO, on its intended use, intended re

environment, and on the scale and duration of the environmental introduction, as well as on

assessors | e v e |traitoof orghnésmm being esgessedy wi t h t he

ceiving

the risk

@Information requirements in the case of field trials or experimental releases

For smallscale releases, especially at early experimental stages or in the early steps of envirgnmental

releases of LMOs that are conducted stepwise manner, the nature and detail of the information

that is required or available may differ compared to the information required or available fo
scale or commercial environmental relea3gpically, less information is required, orezvavailable,
for risk assessments where #gosureof the environment to the LMO is limited, for example,

field trials and smalkcale experimental releases, as one of the objectives of such environ

r large

in

mental

releases is to emerate information for further risk assessments. In such cases, the uncertainty

resulting from the limited available information may be addressed by risk management and
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monitoring measures and, therefore, information on measures to minimize the exgotwee o

environment to the LMO is particularly relevant.

Therefore, some of the information identified throughout the Roadmap may not be known or be only

partly relevant in the context of a release for field trial or other experimental purposes where the

environment would have limited exposure to the LMO.

1.3.3ldentification and consideration of uncertainty

Uncertainty is an inherent element of scientific analysis and risk assesRiskrassessments cannot

provide definitive answers regarding safety or riskhasd is always some degree of uncertainty.

There are no internationally agreed guideline
internationally agreed general rules or guidelines to determine its occurrsceuch, the
consideration of urertainty and its importance to effective decision making are subject to much
discussion, and the importance assigned to uncertainty and the determination of its occurrence, are

dealt with differently under different regulatory frameworks.

According toamex Illltot he Pr ot ocol , “lack of scientific Kk
not necessarily be interpreted as indicating a particular level of risk, an absence of risk, or an
acceptable risk” and “wher e tiskitmaybesaddiessedeby t ai r
requesting further information on the specific issues of concern or by implemeppngpriaterisk
managemenstrategies or monitoring the living modified organism in the receiving ermieom t " .
Furthermore, paragraph 6 of article 10 of the
insufficient relevant scientific information and knowledge regarding the extent of the potential
adverse effects of a living modified organism the conservation and sustainable use of biological
diversity in the Party of import, taking also into account risks to human health, shall not prevent that

Party from taking a decision [ ..] in order to a

Considerations and communication of uncertainty may improve the understanding of the outcomes of
a risk assessment, strengthen the scientific validity of a risk assessm@novide transparency in
the decision making procedRelevant considerations inde the source and nature of uncertainties,

focusing on uncertainties that can have a significant impact on the conclusions of the risk assessment.
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For each identified uncertainty, tlmature of the uncertainty may be described as arising from: (i)

lack of information, (ii) incomplete knowledge, and (iii) biological or experimental variability, for
example, due to inherent heterogeneity in the population being studied or to variations in the
analytical assaydJncertaintyresulting from lack of informatio includes, for example, information

that is missing and data that is imprecise or inaccurate (e.g., due to study designs, model systems and

analytical methods used to generate, evaluate and analyze the information).

In some cases more information willtmeecessarily contribute to a better understanding of potential
adverse effects, therefore risk assessors should look to ensure that any further information requested
will contribute to better evaluations of the risk(s). For exampiegrtainties originatg from lack of
information can be reduced or eliminated with more or better data obtained through further testing or
by requesting additional information from the developers of the LMO. However, in cases of
incomplete knowledge or inherent variabilithet provision of additional information will not

necessarily reduce the uncertainty.

In cases where uncertainty cannot be addressed through the provision of more information, where
appropriate, it may be dealt with by the implementatiomisif managemerand/or monitoring in
accordance with paragraphs 8(e) and 8(f) of Annex lll to the Pro{seelstep 5 and Part Ill).
Furthermore, uncertainties associated with specific adverse effects may not allow the completion of a

risk assessment or conclusions regaydhe level of overall risk.

The various forms of uncertainty are considered and described for each identified risk and under the
estimation of the overall riskn addition,when communicating the results of a risk assessriest,
important to descril either quantitatively or qualitatively, those uncertainties that may have an
impact on the overall risk, as well as on the conclusions and recommendations of the risk assessment

in a way that is relevant for decisiomaking.
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Analysis of uncertainty indifferent regulatory frameworks

Different regulatory frameworks have developed approaches to analyzing uncertainties in
assessment of LMOs. These regulatory frameworks share certain common aspects regal
identification and classificationf éhe sources, natures and levels of uncertainties at each step

risk assessment in a systematic and iterative manner.

For example, in Malaysia, the risk assessment shall include a description of the types of unce
encountered and considergdring the different risk assessment steps. Their relative importang

their influence on the assessment outcome shall be described. Any uncertainties inherel

different steps of the risk assessment (steps 1 to 5) shall be highlighted andeguastifar as

possible. Distinction shall be made between uncertainties that reflect natural variations in ec
and biological parameters (including variations in susceptibility in populations or varieties
possible differences in responses lestw species. Estimation of uncertainties in experimental
shall be handled by proper statistical analysis, while quantification of uncertainties in assuf
(e.g. extrapolation from environmental laboratory studies to complex ecosystems) may b
difficult. The absence of data essential for the environmental risk assessment shall be indica

the quality of existing data shall be discussed.
In the European Union, the following are the main steps in uncertainty analysis:

- ldentifying uncertaities: Systematic examination of all parts of the assessment to identify as

sources of uncertainty as possible.

- Describing uncertainties:Qualitative description of source, cause and nature of iden

uncertainties in terms comprehensible to-specialists.

- Assessing individual sources of uncertainBstimation of the magnitude of each source

uncertainty in terms of its impact on the part of the assessment it directly affects.

- Assessing the overall impact of all identified uncertagten the assessment output, tak

account of dependencie€alculation or expert judgement of the combined impact of mul

the risk
rding the
of the

2rtainties
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uncertainties on the assessment output, in terms of the alternative answers they might lead to and

how likely they are.

- Assesisig the relative contribution of individual uncertainties to overall uncertai@gtculation
(sensitivity analysis) or expert judgement of the relative contribution of different sourges of
uncertainty to uncertainty of the assessment outcome, based oalatien between the results of

Steps 4 and 5.

- Documenting and reporting the uncertainty analygisa form that fully documents the analysis

and its results and meets the general requirements for documentation and reporting.

Source:http://bch.cbd.int/database/record.shtml?documentid=118889
http://bch.cbd.int/database/record.shtml?documentid=110900

»See references relevant to nldentification an:¢

http://bch.cbd.int/onlineconferences/ra guidance references.shtml

1.4. PLANNING PHASE OF TH E RISK ASSESSMENT
1.4.1. Establishing the context and scope

Risk assessments are carried out on albgsmase basis in relation to the LMO, its intended use and
the likely potential receiving environment, and start by establishing the context andrseopay

thatisconsi stent with the ¢ oun endpointsriskpthresholelscriski on g

management strategiaad policies.

Establishing the context and scope for a risksae s s me nt |, in |l ine andt h t
regulations, may involve an informati@hmaring and consultation process with risk assessors,
decisionmakers and various stakeholders prior to conducting the actual risk assessment, to identify
protection goals, assessment endpoints and risk threshallel/ant to the assessment. It may also
involve identifying questions to be asked that are relevant to the case being condideredk
assessors should, at the outset of the process, have knowledge of national requirements for risk
assessment and t&ia for acceptability of riskd'hey may also use questions or checklists designed

for the case under consideration to assist in the subsequent steps.
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In establishing the context and scopeveral points may be taken into consideration, as appropriate,

that are specific to the Party involVédand to the particular risk assessment. These include the

relevant:
) Regulations and international obligations of the Party involved,
(i) Environmental and health policies and strategies;
(i) Guidelines and regulatory framevks that the Party has adopted;
(iv) Protection goals, including for example ecosystems functions and services, as well

assessment endpoints, risk thresholds and management strategies derived from (i) to (iii)

above;

(V) Intended handling and use of the LMO,luting practices related the use of the LMO,

taking into account user practices, hahitsltraditional knowledge;
(vi) Availability of baseline information for the likely potential receiving environment;

(vii) The nature and level of detail of the informatioattis needed (see above), which may,
among other thingglepend on the biology/ecology of the recipient organism, the intended use
of the LMO and its likelypotential receiving environmenand the scale and duration of the

environmental exposure (e.g., &her it is for import only, field testing or for commercial use);

(viii) Identification of methodological and analytical requirements, including requirements for
review mechanisms, that must be met to achieve the objective of the risk assessment as
specified, r instance, in guidelines published or adopted by the Party that is responsible for

conducting the risk assessment (i.e., typically the Party of import according to the Protocol);

(ix) Experience and history of use of the frandified recipienbor parental orgnism, taking

into account itecological function

(x) Information from previous risk assessments of the same or similar LMOs and modified

trait(s) in other types of LMQs

12 See Protocol provisions with regard to whose responsibility it is to ensure that risk assessments are carried out.
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(xi) Criteria to characterize the likelihood (stepaBd magnitude of consequences (step 3) of
individual risks and for combining them into the overa#lk (step 4), and the acceptability or

manageability of risks (step 5);

(xit) Proposed limits and controls to restrict the spread and persistence of the LMO

(patticularly relevant for field trials).
1.4.2. Problem formulation

Some risk assessment frameworks combine the process of establishing the context and scope of the
risk assessment with the identification of potential adverse effects associated with the modification

of the LMO into a single step called “Problem

Problem formulations an approach to structuring a risk assessmeunsullly starts by identifying
protection goals and defining assessment endpoints. This is followed by the identifitabtential

adverse effects of the LMO and its use. After identifying the potential adverse effects, conceptual
models are developed as working hypothesis to describe how the LMO may have adverse effects on
the assessment endpoints. This means describhohgnadelling scenarios and pathways on how the
LMO may cause harm to a protection gdabr example, if the protection goal is conservation of
biodiversity, a risk hypothesis could assess what novel characteristics of the LMO might affect
specific assessmeendpoints, such ascomponentf the food web or the population size of certain
species in the likely potential receiving environment. The unambiguous specification of the
assessment endpoints is crucial to focus the risk assessiinatly, an analyis plan is developed for

obtaining the needed data and how to test these hypothetical scenarios andspathway
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Using problem formulation to frame the risk assessment

Problem formulation helps framing the entire process. It also helps identifying aatabmissing
information, and scientific uncertainties that may limit the assessment. Problem formulati

therefore proven adequate to maximise the usefulness of risk assessments formagisign

For example, problem formulation at EFSA involvesveral elements: (1) the definition
operational protection goals, which are explicit and unambiguous targets for protection e
from legislation and public policy goals (see box on protection goals); (2) the identificat
characteristics offe LMO capable of causing potential adverse effects (hazards) and pathy
exposure through which the deployment of the LMO may adversely affect human health,
health or the environment; and (3) outlining specific hypotheses to guide the genenadi

evaluation of data in the subsequent risk assessment steps. Problem formulation also require

identification of methods through a conceptual model and analysis pl#mat will help to direct the

risk characterisation and produce inforroatithat will be relevant for decisiemaking. The
provision of a conceptual model will underpin the usefulness of scientific information to th
assessment. It would explain how the deployment of the LMO could lead to adverse eff

something of vlae through a chain of events taking account of both hazard and exposure.

Source:http://bch.cbd.int/database/record.shtml?documentid=110897
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1.4.3. The choice of comparators

referencedingl ehantcondo e Estaabl ssopeod:

In a comparative risk assessment, risks posed byMiD &re considered in the context of the risks

posed by the nemodified recipients or parental organisms, in the likely potential rece

environment, including local landraces and undomesticated species.

In practice, a comparative approach aims at itl@mg, in relation to the appropriammparator(s)

iving

the phenotypia@andgenotypicchanges of an LMO that may lead to adverse effects, and changes in the

nature ad levels of risk of the LMO. The choice of comparators can have large effects on the
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relevance, interpretation and conclusions drawn from the risk assessment process. Therefore, the one
or more comparators that are chosen should be selected on thefliasis capacity to generate

information that is consistent and relevant for the risk assessment.

To account for variation due to interaction with the environment, the LMO arwbntparator(s)

should ideally be evaluated at the same time and locatiehuader similar environmentand
managementonditions. Moreover, an assessment of the potential adverse effects of an LMO (for
example, a Bt crop) to beneficial organisms (for example, honey bees) should reflect the standard
management practices that agected to be applied to the LMO (for example, different pesticide

types/application regimes).

Choosing the appropriate comparator(s) may, in some cases, be difficult or challenging. On the one
hand, some risk assessment approaches require the mgemodified genotype with a genetic

background as close as possible to the LMO being assessed, (egargsogenic line as the

primary comparator, with additional comparatossich as defined nemodified reference lines,

being used depending on the biology of the organism and types of modified traits under assessment.
In these risk assessment approaches, the-Jisegenic normodified organism is used in step 1 and
throughout the risk assessment, wheréasader knowledge ral experiencewith additional
comparators is used, along with the woadified recipient organismwhen assessing the likelihood

and potential consequences of adverse efféResults from experimental field trials or other
environmental information and p&rience with the same or similar LMOs in the same or similar

receiving environments may also be taken into account.

On the other hand, in some risk assessment approaches, the choice of an appropriate comparator will
depend on the specific LMO being cafesied, the step in the risk assessment and on the questions
that are being asked. These risk assessment approaches do not require thabdifrexh (near

)isogenic line be used as comparator throughout the assessment, and, in some circumstances, may use
another LMO as a comparator (e.g. when assessing an LM cotton in environments where LM cotton

is already the standard cultivated form of cotton). The impact of using additional comparators that are

not (nea)isogenic lines may be taken into consideratitren deciding on appropriate comparators

In some cases, the nomodified recipient organisms or the parental organisms alone may not be

sufficient to establish an adequate basis for a comparative assessment. In such cases, additional
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and/or alternativapproaches and/or comparators may be necessary (for concrete examples and more
guidance, please refer to Part3lection Bof this Guidance)For example, for some indicators such

as the levels of endogenous toxins, the range of values in cultivatedegangty provide more
relevant information than a single (ngeogenic line would. In another example, many LMOs are
developed by backcrossing the original LMO into elite varieties. In such cases, the original non
modified recipient organism is not culdited and may, therefore, not be the most appropriate non
modified comparator-urthermore, it may be necessary to modify the comparative approach when

dealing with LMOs whose recipient organism is, for example adaonesticated species.

An alternativeto the comparative approach may become necessary when considering LMOs
developed through future techniqueghere appropriate comparators will not eXish such
situations, the characterization of an LMO may be similar to that carried out for alien spbeies,

the whole organism is considered a novel genotype in the receiving environment.

Challenges to the selection of comparators

LM plants are being developed with quality traits modified by major modifications in metabolic
pathways, possibly leading &xtensive compositional alterations. Examples include nutritionally
enhanced foods with qualitative and quantitative changes in proteins, amino acids, carbohydrates,
oils/lipids, vitamins and minerals. Other LM plants will have new traits which facibidd@tation tg
environmental stress conditions such as drought or high salinity. These crops may be cultivated in

areas where they have never been grown before.

The selection of appropriate comparators for the risk assessment of these LM plants widx compl
modifications may be difficult. When no appropriate comparator is available, the risk assgssment
should be based primarily on the evaluation of the characteristics of the LM plant and derived

products themselves.

For example, the main focus of an epwmimental risk assessment at the European Food Safety

Authority (EFSA) is on the environmental impacts and the management of the LM plant compared to

what is currently grown and/or against environmental protection goals. Comparators should be

13 For example, see the report of the Ad cHoTechnical Expert Group on Synthetic Biology
(www.cbd.int/doc/meetings/synbio/synbioah2@l 501/official/synbioahte?01501-03-en.dog.
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chosen on a sa&by-case basis. Dependent on the issue(s) under consideration, choices might
include: a norLM line derived from the breeding scheme used to develop the LM plant;-BMign

plant with agronomic properties as similar as possible to the LM plant undesrass&sand/or

nonLM line having other characteristics as close as possible to those of the LM plant, except for the
intended modification. Some of such comparators may be genetically more distant from the LM plant
than the recipient organism, but carl Sterve as appropriate comparators. Additional comparators
could be considered on a cdsecase basis, including plants of other species appropriate to the
environmental conditions. Applicants should justify their choice in all cases and uncertaimy |ari

from these nosstandard comparators should be discussed.

Source:http://bch.cbd.int/database/record.shtml?documentid=101889

1.5. CONDUCTING THE RISK ASSESSMENT

To fulfil the oljective under Annex Ill of the Protocol, as well as provisions under other relevant
articles, a risk assessment is conducted in a stepwise process and in an iterative manner, where any
step during risk assessment can be reviewed to incrementally buildesioys findings, for
example, as a result of ongoing accumulation of information (data from applicant, expert advice,

literature search) or when new information suggests that new issues need to be considered.

Paragraph 8 of Annex Ill describes the kegpst of the risk assessment process. Paragraph 9 of
Annex Il lists and describes points to consider in the process for risk assessment of LMOs

depending on the particular case.

Risk assessment is a sciefi@sed process where steps 1 to 4 of annex llsaremi | lmzardt o *

identificatior’ , expbsure assessménthazard characterizatich , aisk ccharéacterizatioh | as

described in some other risk assessment frameworks. In step 5 a recommendation as toade
whether or not the risks are acceptable or manageable, and, where necessary, strategies to manage

these risks are identified.

In this ction, the steps indicated in paragraph-8x)of Annexlll are described in further detalil
and elements for consideration are provided for each step. Some elements for consideration were
taken from paragraph 9 of Annex lll, while others were addedhenbasis of commonly used

methodologies of LMO risk assessment and risk management insofar as they were in line with the
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principles of Annex lll. The relevance of each element will depend on the case being assessed. The
guidance provided below on the stepsisk assessment is not exhaustive, thus additional guidance
and elements for consideration may be relevant, as appropriate. Lists of background documents

relevant to each section are provided through the links.

e See referencesgréhev&nskt dAsB8€esdeat on

http://bch.cbd.int/onlineconferences/ra guidance references.shtml
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1.5.1. St e p ldentificatipn of any novel genotypic and phenotypic characteristics assiated
with the living modified organism that may have adverse effects on biological diversity
in the likely potential receiving environment, taking also into account risks to human
heal' ho

Rationale:
The purpose of this step is to identifhanges inhe LMO, resulting from the use of modern
biotechnology, that could cause adverse effects on the conservation and sustainable use of biological

diversity, taking also into account risks to human health.

The question that ri swhaas sceosud adr sg oa swkr oinrg ,t hwihsy s
very important in the risk assessment process as the answers to this question will determine what risk

scenarios are considered in all subsequent steps.

In many cases, this step is performed as part oblalggn formulation process when establishing the

context and scope of the risk assessment (see above).

In this step, risk assessors identify scientifically plausible risk scenarios and risk hypotheses to
predict if the LMO could have an adverse effect ba assessment endpoints. This is done by
examining if any of the novel characteristics of the LMO and/or its intended use could give rise to
adverse effects in the likely potential receiving environment. The novel characteristics of the LMO to
be considem can include any changes in the LMO, ranging from the nucleic exdliding any
deletions) to gene expression level to morphological and behavioural changes, as well as changes in
its use and management in relation to the-madlified counterpart. Thehanges are considered in

the context of the nemodified recipient or parental organisrms the likely potential receiving
environment using the environmental conditions prior to the release of the LMO as baseline
Choosing appropriate comparators is ipatarly relevant for this step in order to enable the
consideration of the new trait(s) of the LMO, and any associated changes in management practices

(see section *The choice of comparators above

Furthermore, it is important to define clear linkspathways, both direct or indirect, between the
LMO and possible adverse effects in order to focus on generating information that will be useful in

the decisiormaking. Potential adverse effects could arise, for example, from changes in the potential

14 The bold printed headings of each step are direct quotes from Annex Il of the Protocol.
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of theLMO to: (i) affectnontarget organisms(ii) cause unintended effects on target organisms,

become persistent or invasive or develop a fitness advantage in ecosystems with limite

(i)

d or no

management, (iv) trafexr genes to other organisms/populations, and (v) become genotypically or

phenotypically unstable. Potential adverse effects may be direct or indirect, immediate or delayed,

combinatorial or cumulative, as well as predicted or unpredicted (see below).

Types of adverse effects

The types of adverse effects on the environment or human health may be:

Direct: primary effects which are a result of the LMO itself and which do not occur through a

chain of events;

Indirect: effects occurring through a caushlin of events, through mechanisms such as interag
with other organisms, transfer of genetic material, or changes in use or management. Observ

indirect effects are likely to be delayed,;

Immediate:effects which are observed during the pérad the release of the genetically modifi

organism. Immediate effects may be direct or indirect;

causal

tions

ations of

ed

Delayed: effects which may not be observed during the period of the release of the genftically

modified organism, but become apparent as a direct or ihdifiect either at a later stage or a

termination of the release;

Cumulative: effects due to the presence of multiple LMOs or their products in the recg

environment;

Source:http://bch.cbd.int/database/record.shtml?documentid=101356
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@ Identifying potential adverse effects to human health arising through environme

exposure

Risks associated with toxicity and allergenicity of foods originated from LMOs are typicadlysas
separate from environmental risks (guidance on how to assess the risk of foods derived fro

and exposure through ingestion is available elsewhere

However, food safety assessments do not evaluate potential adverse effects of LMOs to higim
due to environmental exposure through means other than by food consumption and if
ingestion of LMOs. Consequently, and in accordance with the Cartagena Protocol, envirg
risk assessments also examine potential adverse effects to hurtitarahsimg from environment

exposure.

The potential adverse effects on humans due to environmental exposure may be direct 0
such as through dermal contact, inhalation of dust, flour or pollen, consumption of animals

on LMOs not intendd for use as food or feed, or via drinking water.

The kind of experimental studies needed to assess potential adverse effects to human
determined on a cad®y-case basis depending on the nature of the product(s) synthesized

transgene(sthe intended use of the LMO and the likely potential receiving environment.

Identifying potential direct adverse effects to human health during the problem formulation g
in step 1 requires the development of a risk hypothesis and a causal cheentsf even if it is
rather simple chain such as contact (exposure) with the LMO by humans, followed by expre

adverse effects. The remaining of the risk assessment follows the other steps as described b

Identifying potential indirect advegseffects to human health is more challenging as causal ch
events are more complex or the effects may only be expressed after a long period of t
example, people may develop ailments by indirect and/or-termy exposure to an LM(
Monitoring strategies, particularly of lorgrm effects, may play a role in identifying indirect adv
effects of LMOs on human health.

* Seehttp://bch.cbd.int/database/record.shtml?docuided2048and
http://bch.cbd.int/database/record.shtml?documentid=42122
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Elements for consideration regarding characterization of the LMO
(a) Relevant characteristics of the nmodfied recipient or parental organism, such as:

(i) Its biological characteristics and agronomic traits, in particular those that, if changed
or resulting in an interaction with the nggne productsr traits of the LMO, could

lead to changes that may cause adverse effects;
(i)  Its taxonomic relationships;
(i) Its provenance, centre(s) of origin and centre(s) of genetic diversity;
(iv) Its ecological function; and

(v) Whether it is a component of biological diversity that is important #®ictimservation
and sustainable use of biological diversity in the context of Article 7(a) and Annex | of

the Convention;

(b) Relevant characteristics of the donor organism(s), such as:

() Its taxonomic status and common name;

(i)  Its provenance;

(i) Relevant biologicatharacteristics;

(iv) Relevant characteristics of the genes and of other functional sequences, such as
promoters, terminators and selection markers, that have been inserted into the LMO,
including functions of the genes and their gene products in the donaoisongavith
particular attention to characteristics in the recipient organism that could cause

adverse effects;

(c) Characteristics related to the transformation method, including the characteristics of the
vectorsuch as its identitygsource or origin and host range, and information on whether the
transformation method results in the presence of (parts of) the vector in the LMO, including
any marker genes;

(d) Molecular characteristics of the LMO related to the modification, such as tréstcs of
the modified genetic elements, including potential toxicity of the gene products-targen
organisms and clinical significance of any antibiotic resistance genes inserted into the LMO,;
insertion site(s) and copy number of the inserts;ilgiabntegrity and genomic organization

in the recipient organism; specificity of the genetic elements (e.g., transcription factors);
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levels and specificity of gene expression and intendediaimiended gene pducts such as

novel proteins being encoded by sequences put together at the insertion sites or elongation of

the intended protein due to faulty or lacking terminator sequences ;

(e) Genotypic (see point (d) above) and phenotypic changes in the LMO, iiteeded or

unintended, including changes in native/endogenous gene expression and regulation at the

transcriptional, translational and pasinslational levels (for example, toxic products

endogenous upregulated genes).

of

@ Characterization of LMOs dveloped through RNAbased methods

RNA interference (RNAI) refers to a set of pathways that alter gene expression. RNAI pathways

usually inhibit the translation of messenger RNA (MRNA) into proteins and involve different ty
doublestranded RNA (dsRA) such as small interference RNA (SiRNA) and miRA (MmiRNA).

Several LM plants have been developed using RNAI to silence the expression of target ¢
planta (for example the Arctic Apple OKNBZ@J1-8 and OKANB@@2-9) and pests and pathoge

(for example the common bean modified for resistance to Bean Golden Mosaic Virus*’EMBL

1).
The intended outcomes resulting from the use of RNAI is the silencing of targeted gene(
known -aar detn gene silencing”), &bndadoteermRNAO

genes other than those being targeted, based on their sequence complementarity. This ma
t he I ng

unintentional silencing of genes may oceuthin the LMO itself or in organisms exposed to

unintended silenci of -ttalregeodt hgeern e g ¢

LMO, including targeted pests as well as other organisms that may be exposed to the LMO w
not considered pests (i.e. ntarget organisms). Furthermore, A@Inget organisms may expre

genes hat share enough sequence similarity with the genes being targeted for silencing, le

their silencing as well.

Therefore, in addition to the “elements

molecular characterization of LMOs, foer considerations that are relevant to the characteriz
of an LMO that was developed through RNAI
and/ otrargpdtf” genes 1 n the LMO as-tagetdrdanisasi)i

dsRNA and small RNA expression levels in different parts of the LMO; and iii) capacity of
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target organisms to take up the dsRNA and small RNA molecules.
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Bioinformatic tools may be used to analyse the genomes of the LMO, targeted pests and

nornttarget organisms in order to identify if these organisms contain mRNA sequences wh
compl ementary to the dsRNA or smal/l RNA t |
“of &rget” genes t hat coul d Mbe RNAI .nt ¢otwie

technologies, such as transcriptomics and proteomics, could also be used to monitor the e
levels of the dsRNA or small RNA in the LMO, targeted pests andtarget organisms, and

measure the -‘tahpgeét *todarhg eotf” “goenn e s .

Furthermore, additional considerations for the assessment of the interaction between
developed through RNAvased methods and the likely potential receiving environment may ing
i) horizontal transfer of the genetic elemed§RNA and/ or small RNA into other naarget
organisms; ii) persistence of the dsRNA and small RNA in the environment and the effects

persistence.
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Elements for consideration regarding the intended use and the likely potential receiving

environmerntt

(f) Availability of data on thdikely receiving environment which may serve as a basis for the

risk assessment;

(9) The intended spatial scale, duration and level of confinement (such as biological

confinement) of the environmental release, taking into acager practices and habits;

(h) Characteristics of the likely potential receiving environment including relevant ecos

ystem

functions and services, in particular its attributes that are relevant to potential interactions of

the LMO that could lead to adversieets (see also paragraph (k) below), taking into account

the characteristics of the components of biological diversity, particularly in centres of

and centres of genetic diversity;

origin
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Attributes of the receiving environment

Examples ofrelevant atibutes of the receiving environment include, among others: (i) ecos)

stem

type (e.g., agroecosystem, horticultural or forest ecosystems, soil or aquatic ecosystems, |urban or

rural environments); (ii) scale of the introduction (small, medium or largg)p(evious use/history

(intensive or extensive use for agronomic purposes, natural ecosystem, or no prior managed use in

the ecosystem); (iv) the geographical zone(s) in which the release is intended, including cIimEtic and

geographic conditions and theoperties of soil, water and/or sediment; (v) specific characteristi

s of

the prevailing faunal, floral and microbial communities including information on sexually compatible

wild or cultivated species; and (vi) biodiversity status, including the statasrdie of origin and

diversity of the recipient organism and the occurrence of rare, endangered, protected species and/or

species of cultural value.

(i) Potential of pests or pathogens developing resistance to the target trait (e.g. insect or

resistane trait).

disease

() Potential indirect adverse effects to biodiversity as a result of weeds developing resistance to

the herbicide, if appropriate in the particular regulatory framework where the risk assessment

is being conducted.

Elements for consideration reghing the potential adverse effects resulting from the interaction

between the LMO and the likely potential receiving environment:

(k) Characteristics of the LMO in relation to the likely potential receiving environment (e.g.,

information on phenotypic traithat are relevant for its survival, or its potential adverse

effects— see also paragraph (e) above);

() Considerations founmanage@&nd managedecosystemsoncerning the use of an LMO, that

are relevant fothe likely potential receiving environment;

(m)Potential adverse effects resulting from the use of an LMO, such as changes in farm

management practices;
(n) Dispersal of the LMO through mechanisms such as seed dispeisaticayssng within or

between species, or through transfer into habitats where the LMO may persist or proliferate;

as well as effects on species distribution, food webs and changes -gedaieemical

characteristics;
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(o) Potential for outcrossing and transferti@nsgenesvia vertical gene transferfrom an LMO

to other sexually compatible species that could leadttogressionof the transgene(s) into
popuhtions of sexually compatible species, and whether these would lead to adverse effects;

(p) Whetherhorizontal gene transfesf transgenic sequences from the LMO to other organisms

in the likely potential receivingnvironment could occur and whether this would result in
potential adverse effects. With regard to horizontal gene transfer to -onganisms
(including viruses), particular attention may be given to cases where the LMO is also-a micro
organism;

(q) Potental adverse effects on possilientarget organismsuch as toxicity, allergenicity and

multi-trophic effectswhich can affect the survival, development, or behaviour of these

organisms;

() Potential adverse effects of thecidental exposure of humans to (parts of) the LMO (e.g.,
exposure to modified gene products in pollen);

(s) Potential adverse effects of changes in agricultural practices, such as type of irrigation,
number and amount of herbicide applications, methods feesting and waste disposal, that
were induced by use of the LMO. Where use of other regulated products or practices are
changed, interplay with the respective risk assessments and regulations needs to be
considered.

(t) Cumulative effectaith any other LMO present in the environment.

@LM crops and the use of herbicides
In many countries, the safety of the active ingredients found in herbicides is assessed primarily
through regulations for the use of chemical produthese regulations typically assess the usg of
herbicides, both in isolation and mixed with other plant protection products, in the presence or
absence of LMOs. However, regulations related to chemical products may not necessarily require
studies on changes agricultural management practices and their effects on biodiversity. As|such,
changes in agricultural practices due to the cultivation of LM crops, including changes arising from
the use of different herbicides, are evaluated as part of the biosafetynenental risk assessments.

This means that, for LM crops that are resistant to herbicides, their risk assessments should also

evaluate the overall environmental impact arising from expected changes in cultivation practices due
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to the use of the herbas to which the LM crop is resistant, in addition to evaluating the potg
environmental impacts directly associated with the LM crops themselves.
The risk assessment of LM crops may also include considerations of potential consequence
from the use of multiple herbicides since their use in the same area, applied either simultane
in sequence, may result in additive or synergistic adverse effects.

While the considerations noted throughout the Roadmap are applicable to the assessiike
crops with herbicide resistance, the following considerations are particularly relevant dur
assessment of LMOs that may result in the use of two or more herbicides:

* \olunteers and outcrossed relatives may exhibit more persistence andsaneasi ang
require additional measures for control, which may be more difficult if they contain several reg
genes;

« Effects on nortarget organisms may be different due to adverse effects of mixtur
herbicides and additional studies ma&yreeded to both identify and assess those risks;

* The overall adverse effect on biodiversity may arise from different changes, for examp
declines in the populations of a particular species and from changes in the survival of oth
speces.

Detailed information on agricultural practices and the herbicide regime that will be applied
with the cultivation of the LM crop with herbicide resistance are needed in order to ident
differences in relation to conventional practices andaléntify possible adverse effects of herbic|
mixtures. For example, when, how often, and in what combinations will the herbicides be
What is known of the effects of the herbicides being used and their active ingredients when
isolatonand or i n different combinations? What

the environment and could any potential adverse effect be amplified by mixing the herbicides’
In order to answer these questions, the comparative approach for the assegdovl crops with
herbicide resistance may need to be adapted, for instance, by including additional compa

cases where a single comparator cannot be used under different management conditions.
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»See references relevant to fAStep 10:

http://bch.cbd.int/onlineconferences/ra guidance references.shtml
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1.5.2.St e pEva&uatiori of the likelihood of adverse effects being realized, taking into
account the level and kind of egosure of the likely potential receiving environment to the

l' iving modified organi smo
Rationale:

In this step the risk assessors evaluate the likelihood that each of the potential adverse effects

identified in step 1 will occur.

An assessment of exposuige done in this step to determine which organisms in the receiving
environment could be adversely affected by being exposed, directly or indirectly, to the LMO.
During the exposure assessment, factors that may affect the spread, persistence ahdhestablis

the LMO, as well as its potential for outcrossing and expression levels of the transgenes in different

tissues of the LMO are considered.

Questions addressed during the exposure assessment

The exposure assessment describes exposure pathwaiygeasdy, spatial and temporal extent

of co-occurrence or contact. It also describes the impact of variability and uncertainty on
exposure estimates and reaches a conclusion about the likelihood that exposure will occur. The
following questions may helpddress these issues:

— How does exposure occur?

- What is exposed?

— How much exposure occurs? When and where does it occur?
— How does exposure vary?

— How uncertain are the exposure estimates?

— What is the likelihood that exposure will occur?

Source:http://bch.cbd.int/database/record.shtml?documentid=41647

For each of the risk scenarios and risk hypotheses identified in step 1, pathways of exposure to the
LMO and its transgenes are detamned, taking into account the intended handling and use of the
LMO, as well as the expression level, dose and environmental fate of transgene products. Conceptual
models describing relationships between the LMO and pathways of exposure can be buileta def

causal link between the LMO and potential adverse effects in the environment, taking also into
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account risks to human health. For example, for an LMO producing a potentially toxic gene product,

oral, respiratory or dermal pathways of exposure coalcelevant.

Exposure characterisation

Risk assessments of biological systems are often complex and dynamic, and the variable pature of
such systems limits the degree of certainty that can be ascribed to our knowledge of them.|There is
often a degree of wertainty about the mechanisms that may lead to an adverse outcome, making it
impossible to estimate the probability or likelihood of each identified potential adverse effect in

precise terms.

Likelihood of exposure can be expressed either gtiadity using an ordered categorical
description (such as "high", "moderate”, "low" or "negligible”) or quantitatively as a relative
measure of probability (from zero to one, where zero represents impossibility and one
certainy). However, if qualitative terms are used to express such likelihoods, then the link
between likelihood and probability should be accounted for. Thus, whatever term is chosen,
an indication should be given of the range, withinumeric scale of 0 to 1, to which the term is
intended to refer. For e X a mp |-target lepiddpteran spdciesk e | i
t o Bt toxin (Cryl1Ab protein) in field]|marg
this context means within the range 0.1 to 0.4".

Sourceshttp://bch.cbd.int/database/record.shtml?documentid=118888
http://bch.cbd.int/database/record.shtml?documentid=101510

Experimental studies and models may be used for an assessment of the potential level and type of
exposure, combined with the use of statistical tools relevant for each eatexpgerience with

similar situations (e.g., same recipient organism, LMO, trait, receiving environment, etc), if
available, may also be used in assessing the level and type of exposure, taking into account user

practices and habits.

Likelihood may be expresdeguantitatively or qualitatively. For example, qualitative terms could
incl bdegh™, “moder ate” , ‘hligw”l yor i keegligi“bli &’el
“highly wunlikely”. Parties may <consi ssessmedescr

guidelines published or adopted by them.
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In some risk assessment frameworks or when a high level of uncertainty makes it difficult to assess
the likelihood of the adverse effects the order of steps 2 and 3 may be reversed (see above and

Figure 1.

Elements for consideration:
(@)  The relevant characteristics of the likely potential receiving environment that may be a factor
in the occurrence of the potential adverse effects (see also step 1 (f), (g) and (i), taking into account
the variability of tle environmental conditions and letgrm adverse effects related to the exposure
to the LMO;
(b) Levels of expression in the LMO and persistence and accumulation in the environment (e.g.,
in the food chain) of substances with potentially adverse effects pesdyced by the LMO, such as
toxins, allergens and some insecticidal proteins. In the case of field trials, the level of persistence and
accumulation in the receiving environment may be low depending on the scale and temporary nature
of the release, anti¢ implementation of management measures;
(c) Information on the location of the release and the receiving environment (such as geographic
and biogeographic information, including, as appropriate, geographic coordinates);
(d) Factors that may affect spread of ttMO, such as its ecological range and ability to move;
its reproductive ability (e.g., numbers of offspring, time to set seed, abundance of seed and vegetative
propagules, dormancy, pollen viability); and its ability to spread using natural means {edy., w
water) or through human activities (e.g., rearing or cultivation practices, seed saving and exchange,
etc);
(e) Factors that affect presence or persistence of the LMO that may lead to its establishment in
the environment, such as, in the case of LM glalifespan, seed dormancy, ability of LM seedlings
to establish among existing wild or cultivated vegetation and to reach reproductive stage, or the
ability to propagate vegetatively;
() When assessing the likelihood of outcrossing from the LMO to sexc@ihpatible species
as a step in the pathway to an adverse effect, the following issues are relevant:

() The biology of the sexually compatible species;

(i)  The potential environment where the sexually compatible species may be located;

(i) Persistence of the LMQithe environment;

(iv) Introgression of the transgene into the sexually compatible species;

(9) Persistence of the transgene in the ecosystem; and
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(h) Expected type and level of exposure in the environment where the LMO is released, and
mechanisms by which incidentakposure could occur at that location or elsewhere (ege flow
incidental exposure due to losses during transport and handling, intentional spread by people, or

unintentional spread by people via machinery, mixed p@duother means).
»See references relevant to fAStep 20:

http://bch.cbd.int/onlineconferences/ra guidance references.shtml

1.5.3.St e pEvaluatioriof the consequences shouldéhs e adverse effects be
Rationale:

This step, which may also be referred to as *“F
magnitude of the consequences of the possible adverse effects, based on the risk scenarios
established intep 1, which takes into account protection goals and assessment endpoints of the
country where the environmental release may take place, paying special attention to protected areas
and centres of origin and centres genetic diversity. As discussed iretheugsrstep, the evaluation

of consequences of adverse effects may be undertaken at the same time as the evaluation of
likelihood (step 2).

The evaluation of consequences of adverse effects should be considered in the context of the adverse
effects causetly the noAmodified recipients or parental organisms in the likely potential receiving
environment (see Planning Phase of the Risk Assessment). The evaluation of consequences may also
consider the adverse effects associated with the existing practiceishopractices that will be
introduced along with the LMO (such as various agronomic practices, for example, for pest or weed

management).

In this step, results from tests conducted under different conditions, such as laboratory experiments or
experimenthreleases, may be considered. Moreover, the type, purpose and duration of the intended
use (e.g. laboratory experiments, environmental release) may influence the severity of potential

consequences and should therefore be taken into account.

It is importart to also assess in this step the duration of the potential adverse effect (i.e., short or long
term), the scale (i.e., are implications local, national or regional), the mechanisms of effect (direct or
indirect), thepotential for recoveryn the event ofan adverseeffect, and the expected ecological

scale (i.e., individual organismsfor example of a protected specie®r populations)taking into
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account the attributes of the potential receiving environments (see Step 1, footnote xx) and potential

changes resulting from human activities

The evaluation of the consequence of adverse effects may be expressed qualitatively or

guantitatively. For Il nstance, qgualitatiyv

mi nor/ | ow’ ore” mamaygi bal Usedl i Piablt i es may

their uses in risk assessment guidelines published or adopted by them.

e t e

COon:e

Hazard characterisation

The following are suggested as illustrative and qualitative examples in a very broad sensee
not intended to be definitive or exclusive, but to give an indication of the considerations tha
be taken into account when weighing up the consequences:

— “high | evel consequences

Source:http://bch.cbd.int/database/record.shtml?documentid=10631

mi ght be sacigsmof
other organisms, including endangered and beneficial species in the short or long terr

changes might include a reduction in or complete eradication of a species leading to a

The
I might

fica
m. Such

negative

effect on the functioning of the ecosystem and/or othenecied ecosystems. Such changes

would probably not be readily reversible and any recovery of the ecosystem that did tak

would probably be slow;

moder at e consequences mi ght be signi
organisms, bunhot a change which could result in the total eradication of a species ¢
significant effect on endangered or beneficial species. Transient and substantial cha
populations might be included if likely to be reversible. There could betny efects,

provided there are no serious negative effects on the functioning of the ecosystem;

e place

ficar
DI any

Inges in

l ow | evel C 0 n s e ggigeifitantechadngesnin gdpulatioh densities f other

organisms, which do not result in the total eradication of any populati@pecies of othe
organisms and have no negative effects on functioning of the ecosystem. The only organi

might be affected would be ne@mdangered, nebeneficial species in the short or long term;

r

sms that

“negligibl e cons e qwosigniicans changes hatl ikenmaused in anip @t the n

populations in the environment or in any ecosystems.



http://bch.cbd.int/database/record.shtml?documentid=10631

UNEP/CBD/BSRARM/AHTEG/20164/6
Pageb2

Elementsdr consideration:
(a) Potential consequences based on experience with thenodified recipient or parental
organisms, or with similar organisms in the likely potential receiving environment, and their

interactions with other species, including:

(1) The effects bagricultural practices on gene flow within the same species as well as

with other compatible species;
(i) Pathways for dissemination and spread,;
(i) Abundance of volunteers in crop rotation;

(iv) Changes in the abundance of pests, beneficial organisms such aatqrsllin
decomposers, organisms involved in biological control or soil microorganisms involved in

nutrient cycling;

(v) Pest management affecting ntamget organisms througtesticide applications or

other management approaches while following accepted agiopoactices;

(vi) The behaviour of populations of other species, including interactions between
predators and prey, their role in food webs and other ecological functions, disease
transmission, allergies and interaction with humans or other species;

(b) Potentialadverse effectsesulting from combinatorial and cumulatiegfects in the likely

potential receiving environment;

(c) Relevant knowledge and experience with the LBt normodified organisms with similar

phenotypic characteristi@s similar receiving envonments;

(d) Results from laboratory experiments examining, as appropriate;relssense relationships

or particular effect levels (e.d£Cso, LDso, NOEL) for acute, chronic or suthronic effects

including immunogenic effects;

(e) Results from field trials containing information about the potential for invasiveness and

impacts in the environment; and

() Potential adverse effects resulting from outcrossing/interbreewingexually compatible

species and introgression of the transgene(s).
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e See references relevant to AStep 30:

http://bch.cbd.int/onlineconferences/ra guidance references.shtml

1.5.4.St e pEs#matioriiof the overall risk posed by the living modified organism based on
the evaluation of the likelihood and consequences of the identified adverse effects being

reali zed. 0

Rationale:

The purpose of this step, which may also be refdrred a s ri sk c¢ h atermicetadr 1 z a't
characterize the overall risk of the LMO. This can be achieved by characterising and analysing
individual risks on the basis of an analysis of the potential adverse effects completed in step 1, their
likelihood (step 2) and consequences (step 3), and combining them into an estimation of the overall
risk, taking into consideration any relevant uncertainty that was identified in each of the preceding

steps and how it could affect the estimation of the ovas&llof the LMO.

As indicated in paragraph 8(d) of Annex Ill of the Protptbé estimationof the overall risk is
‘basedon the evaluation of the likelihood and consequences of the identified adverse effects being
realized . The char acall sk is aftant the dest estimateowhieh is derived from the
combination of the likelihood and consequences of the identified individual Rgtsmatrixes, risk

indices or models are typically used for this purpose (see b&low).

A description of theisk characterization may be expressed qualitatively or quantitatively. Qualitative

terms such as “high’, medi um’ , l ow’ |, negl i g
of knowledge) have been used to characterize the overall risk loMén Parties could consider

describing these terms and their uses in risk assessment guidelines published or adopted by them.

The outcome of this step often includes a description explaining how the estimation of the overall

risk was performed.

15 See references in the list of background materials.
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Risk deermination matrix

Likelihood of adverse effect

Highly likely Likely Unlikely  Highly unlikely

% Major High High Moderate Moderate
g g Intermediate High Moderate Moderate Low

g g Minor Moderate Low Low Negligible
cg) (‘: Marginal Low Low Negligible Negligible

Source:http://bch.cbd.int/database/record.shtml?documentid=110899

Elements for consideration:

@) Individual risks and possible interactions among them, susiirgsgisnor antagonism

(b)  Anyrisk management strategies (see step 5) that may affect risk estimates if implemented;
(c) Broader considerations based on the ecosystem services approach, includitativeeim
effects due to the presence of various LMOs in the receiving environmaémnig into

account potential environmental changes caused by human activities.
e See references relevant to AStep 40:

http://bch.cbd.int/onlineconferences/ra guidance references.shtml

1.5.5.St e pRebommedndation as to whether or not the risks are acceptable or manageable,

including, where necessary, identification of strategies to manage these sk
Rationale:

In step 5, risk assessors prepare a report summarizing the risk assessment process, identified
individual risks and the estimated overall risk, and provide recommendation(s) as to whether or not
the risks are acceptable or manageable d@ndeeded, recommendation(s) for risk management
options that could be implemented to manage the risks associated with the LMO. The
recommendation is made in the context of criteria for the acceptability of risk that were identified in

the planning phase ofhe risk assessment, taking into account established protection goals,
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assessment endpoints and risk thresholds, as well as risks posed by -thedifed recipient

organism and its use.

This step is an interface between the process of risk assessmié¢hé gmocess of decisianaking.
Importantly, while the risk assessor provides a recommendation as to whether or not the risks are
acceptable or manageable, the ultimate decision about whether or not to approve the LMO
notification is a prerogative of tke ci si on maker. On the other har
decided at a policy | evel and the threshold of
to country for instance, some countries may choose to accept different levels assmkiated with

the development of a certain technology while others may not

In making a recommendation regarding the overall risk of the LMO, it is important to consider
whether risk management options can be identified that could address identifiedliaddisks and

the estimated overall risk as well as uncertainties. meed, feasibility and efficacy of the
management options, including the capacity to enact them, should be considered ehyecasse
basis.If such measures are identified, theegeding steps of the risk assessment may need to be
revisited in order to evaluate how the application of the proposed risk management measures would

change the outcome of the steps.

Balancing risk acceptability with potential benefits is not laid ouheprovisions of the Protocol.
However, in some jurisdictions threcommendation on the acceptability of riskfsay take into

account any available scientific analysis of potential benefits for the environment, biodiversity, and
human health (e.g., changethe use of crop protection products, reduction of infections in the case

of mosquitoes), anthayalso take into account risks associated with other existing user practices and
habits. Further, the sources and nature of uncertainty that could notrbssadidduring the preceding

steps of the risk assessment can be described in relation to how they could affect the conclusions of
the risk assessment. For assessments where uncertaiaties not be addressediifficulties
encountered during the risk assment may be made transparent to the decision makers. In such

cases, it may also be useful to provide an analysis of alternative options to assist the decision makers.

I n accordance with Annex |11 par agr avelof rigk(itf ) w
may be addressed by requesting further information on the specific issues of concern or by
implementing appropriate risk management strategies and/or monitoring the living modified

organism in the receiving environment?’.
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Environmental moitoring (see Part Ill) can be a means to reduce uncertainty, to address assumptions
made during the risk assessment, to validate conclusions of the assessment on a wider (e.g.,
commercial) level of application, and to establish a causal link or pathwexedrettMOs and
adverse effects. Monitoring may also be used to evaluate whether risk management strategies are
being implemented effectively, including whether those strategies are able to detect potential adverse
effects before the consequences are radliglonitoring can also be applied as a tool to detect effects

that were not anticipated in the risk assessment anetéongadverse effects.

Thei ssues mentioned in the section ‘Establish
consideration again #élhe end of the risk assessment process to evaluate whether the objectives that

were set out at the beginning of the risk assessment have been met.

The recommendation(s) are submitted, typically as part of a risk assessment inghating
strategies forrisk management and monitoring to reduce uncertainty, where approgdate,

consideration in the decisianaking process.
Elements for consideration related to the risk management strategies and/or monitoring:

@) Existing management practices, if appliealihat are in use for the nomodified recipient
organism or for other organisms that require comparable risk management and that might be
appropriate for the LMO being assessed (e.g., physical containment, isolation distances to reduce
outcrossing potdral of the LMO, modifications in herbicide or pesticide management, crop rotation,

soil tillage);

(b) Methods to detect and identify the LMO, and their specificity, sensitivity and reliability in the
context of environmental monitoring (e.g., monitoring &frort and longterm, immediate and
delayed effects; specific monitoring on the basis of scientific hypotheses and estimated causal link(s)
as well as general monitoring), including plans for appropriate contingency measures to be applied if

warranted bagkon monitoring results;

(© Management options and their feasibility in the context of the intended and expected use
(e.g., isolation distances to prevent outcrossing, and the use of refuge areas to minimize the

development of resistance to insecticidal gratg and
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(d) Methods for evaluating the proposed risk management and monitoring strategies for
feasibility, efficacy and effectiveness, taking into account that the proposed risk management

strategies may introduce different risks.
Elements for consideratiaelated to the acceptability of risks

(e) Established criteria and thresholds for determining risk acceptability, including those set out

in national legislation or guidelines;

() Protection goals and assessment endpoints as identified when establistiogtete and

scope for a riskgsessment;

(@  Any relevant experience with the namodified recipient organism(s) or other reference
line(s) (including practices associated with their use in the likely potential receiving environment)

which were used to estalilishebaselingor the risk assessment;

(h)  Scientific benefit analyses, carried out using similar principles of sound science as those used

throughout the risk assessment;

(1 Ability to identify, evaluate, manage and confine adverse effects in the eventethati@is

released into the environment, as well as to take appropriate response measures.

e See references relevant to AStep 50:

http://bch.cbd.int/onlineconferences/ra guidaneferences.shtml



http://bch.cbd.int/onlineconferences/ra_guidance_references.shtml
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1.6. RELATED ISSUES
Risk assessment is one input to decisimaking regarding LMOs. Other issues that may be part of
the decisiormaking process, as appropriate, and that are mentioned in other articles of the Protocol,
include
1 Risk Managenent (Article 16);
Capacitybuilding (Article 22);

1
1 Public Awvareness and Patrticipation (Article 23);
1 Sociceconomic Considerations (Article 26);

1

Liability and Redress (Article 27).

A number of other issues, which are not mentioned in the Protocol (egxistence, ethical issues),
may also be taken into account in the decisiaking process regarding an LMO in accordance with

a country’'s policies and regul ations.
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Annex

EXAMPLE OF RELEVANT ELEMENTS FOR CONSIDERATION UNDER EACH STEP
WHEN ASSESSING A RISK SCENARIO INVOLVING NON -TARGET ORGANISMS

Note: This example shows only the elements to consider under each step that are most relevant for
assessing a risk scenario involving A@inget organisms. Elements for consideration that are not
specific to noftarget organisms, but are relevant for other risk scenarios, are not included in this
example.

The following information was used in this example:

Risk scenario:The LMO, which is a Bt maize producing CrylAc and Cry2Ab2, may have adverse
effects on lacewingopulations

Protection goal: Conservation and sustainable use of biodiversity.

Assessment endpointNumbers and health of green lacewing (Chrysoperla carnea) populations
because they are an ecosystem service

Measurement endpoint:reduction in number oridersity of lacewings; change in lacewing vitality
or behaviour resulting in lower overall predation rates

Proposed risk management strategyRefuge areas to provide lacewings with prey that had not fed
on the LMO.

Step 1: Relevant element for consideration:

Regarding the charcterization of the LMO:

1 Molecular characteristics of the LMO related to the modification, such as characteristig
the modified genetic elements, including potential toxicity of the gene products-targen
organisms...

Regarding the intended use athe likely potential receiving environment:

1 Characteristics of the likely potential receiving environment including relevant ecosystg
functions and services..

Regarding the potential adverse effects resulting from the interaction between the LM(
the lkely potential receiving environment:

9 Potential adverse effects on possible-hoar get or gani s ms

Sep 2: Relevant element for consideration:

1 Levels of expression in the LMO and persistence and accumulation in the environmen
in the food chaindf substances with potentially adverse effects newly produced by the
LMO, such as toxins, allergens and som
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Step 3: Relevant elements for consideration:

1 Potential consequences based on experience with thmodified recipient oparental
organisms, or with similar organisms in the likely potential receiving environment, and {
interactions with other species, including:

Changes in the abundance of .. beneficial

The behavior of populations of other species, includitgractions between predators and
prey, their role in food webs and ot het

1 Results from laboratory experiments examining, as appropriaterelgmense relationships
or particular effect |l evels..

Step 4: Relevant element for considerain:

9 Broader considerations based on the ecosystem services approach, including cumulat
effects due to the presence of wvarious

Step 5: Relevant elements for consideration:

Related to the risk management strategies and/or monitoring:

1 Existing management practices, if applicable, that are in use for th@adified recipient
organism or for other organisms that require comparable risk management and that mi
appropriatd or t he LMO being assessed.. crop r

Related to the acceptability of risk:

1 Protection goals and assessment endpoints as identified when establishing the contex
scope for a risk assessment and/ or point

1 Ability to identify, evaluate, manage andndine adverse effects in the event that the LMQ
released into the environment, as well as to take appropriate response measures
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PART II:

SPECIFIC TYPES OF LM OS AND TRAITS
The guidance contained in this section, Part Il, should be considered in the context of the
Cartagena Protocol on Biosafety. The elements of Article 15 and Annex Il of the Protocol apply
to thesespecific types of LMOs and traits. Accordingly, the methodology and points to consider
contained in Annex Iflare also applicable to these types of LMOs and traits. The guidance in the
subsections below complements the Roadmap for Risk Assessment of,LdyMdhg emphasis
to issues that may be particularly relevant when assessing the risks of the respective types of
LMOs and traits.
Only those considerations that may be particularly relevant to the specific types of LMOs or traits
dealt with in Part Il a further developed below with cressference to related sections or steps
in the Roadmap. Considerations that may be more broadly applicable to different types of LMOs

were described in the Roadmap and will not be repeated in this section.

2. RISKASSESSMENT OF LIVING MODIFIED PLANTS WITH
STACKED GENES OR TRAITS

2.1. INTRODUCTION

Worldwide, a growing number of LMOs with stacked transgenic traits, particularly LM plants,
are being developed. As a result, the number of stacked genes in a single LM plam and t

number of LM plants with two or more transgenic traits is growing.

Stacked LM plants can be produced through different approadheaddition to the cross
breeding of two LM plants, multiple traits can be achieved by transformation with ageoéi

transformation cassetteetransformation of an LM plant or simultaneous transformation with

different transformation cassettes or vectors.

This guidance complements the Roadmap for Risk Assessment of LMOs, mptiags on

issues that are of particular relevance to the risk assessment of LM plants with stacked traits
generated through crobseeding. Some issues already covered in the Roadmap are further
elaborated on this section in an attempt to emphasize pthats may need particular

consideration when assessing risks which may result from the combination of genetic elements

1 Paragraphs 8 and 9 of Annex Il
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from two or more parental LM plants. As such, risk assessments of this type of LM plant follow
the general principles outlined in Annetk &4nd the Roadmap, but also take into account the

specific issues outlined in this section of the present document.

The scope of this document is on stacked LM plants generated tloougéntionabreedingof

two or more pantal LM plants that are either singlansformation eventer already stacked

events. Accordingly, the cassettes containing the transgenes and other genetic elements that were
inserted in the original transformaii events may be physically unlinked (i.e., located separately

in the genome) and can segregate independently.

It is assumed that the individual transformation events making up the stacked event have either
been assessed previously or are being assessednitantly to the stacked event in accordance

with Annex IIl of the Cartagena Protocol on Biosafety and as described in the Roadmap.
some regulatory frameworks, the information requirements in cases of risk assessment of LMOs
with stacked genes mayebadjusted if individual transformation events have already gone
through risk assessments, and if evidence shows that there are no interactions between the

genes/proteins expressed.

This guidance also includes considerations for unintentional stackeds eerihe result of
natural crossings between stacked LM plants and other LM plants or seamalbatible
relatives in the receiving environment.

LM plants that contain multiple geneticaliyodified traits or genes but that are the result of a

single tranformation event, e.g., througl-transformation co-transformationor transformation
with a multigene transformation cassette, are not covered in this part of the guidance document
and would be assessed in accordance with the Roadmappnsidered as single events and

assessed cafw-case.

2 See different processes for producing stackek at http://www.isaaa.org/resources/publications/pocketk/42/.

3 While stacked events are also considered to be LMOs in accordance with Article 3 of the Protocol, the biosafety legislation
of different countries may vary regarding the extent to whickettigpes of LMOs are regulated.
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2.2. PLANNING PHASE OF THE RISK ASSESSMENT

2.2.1. The choice of comparatorf see APl anning Phase of the Ri

ofmmparatorso in the Roadmap)
Rationale:

As seen in the Roadmap, choosing the appropriate comparator(s) is a crucial step for conducting

a comparative assessment. In the case of stacked LM plants, in addition to usmgdifoed

recipient organisms as comp at ors (see “The choi ce,theEM c omp al
plants that were involved in the crdsseeding process leading to the stacked LM plant under
consideration may also be used as comparators, as appropriate and according to national

regulations.

Where parental organisms have highbterozygous genomes significantly differ from each

other, the resulting offspring may display high variability and a vast range of phenotypes. In the
case of stacked LM plantdhis variability should be taken into account when establishing a basis

for a comparative assessment.

For example, stacked LM plants may be the result of multiple rounds oflmeesding among

many different genotypes and possibly involve several stagkedts. In such cases, choosing

the appropriate comparators among the single transformation LM plants and the intermediate
stacked events that gave rise to the stacked LM plant under assessment may not be a straight

forward action and the choice of compgarashould be justified.

(Near)isogenic lines to be used as comparators may be lacking, and this may present challenges
for data interpretation when conducting the risk assessment of a stacked LM plant. Therefore, in
risk assessment approaches that relythe (neajisogenic normodified recipient organism as

the primary comparator, it may be useful to also use the closest availabieoddied genotype

as a comparatomformation on the genetic diversity of the recipient or parental organisms may
be hépful in identifying the best available comparator for a risk assessment whey)igoganic

lines are not available.
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Elements for consideration:

(a) Level of heterozygosity among the norodified recipient organisms used to produce

the parental LM plants;

(b) Phenotypic variability among nemodified hybrids produced through crosses between

the nomamodified recipient organisms;

(c) Number of crossings and the use of intermediate stacked LM plants as additional

comparators.

2.3. CONDUCTING THE RISK ASSESSMENT

2.3.1. Sequence characteristics at the insertion sites, genotypic stability and genomic

organizaton( see AStep 10, APoint to consider (d)
Rationale:

During crossbreeding, changes may occur to the molecular characteristics ohtbeged
genes/genetic elements at the insertion site(s) as a result of recombination, mutation and
rearrangements. Transgenes with similar genetic sequences may undergo recombination, since
homologous recombination acts on genomic regions that have aentichighly similar
sequence. Multiple inserts with highly similar sequences may be less stable and could be more
likely to undergo rearrangements during crbeseding. In many cases, such changes may result

in the loss of the intended phenotype, whitlsome cases may be relevant for the assessment of

risks.

As with single event LM plants, molecular characterization of the stacked LM plant may be
carried out in accordance with step 1 of the Roadmap, point to consider (d). If differences in
relation tothe parental LM plants are found, intended and unintended possible adverse effects
need to be assessed. In addition, changes to the molecular characteristics of the transgenes and
other genetic elements may influence the ability to detect the LM plardhwiay be needed in

the context of risk management measures (see below as well as step 5 of the Roadmap). The
extent to which a molecular characterization of the stacked LM plant is needed may vary case by

case and should take into account the resultiseofisk assessments of the parental LM plants.
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Elements for consideration:

(&) Whether or not methods to carry out molecular characterization are available, for
example PChbased methods, and if they are specific and sensitive enough for the

characterizatioof the stacked LM plant;

(b) Phenotypic changes that may indicate underlying changes to any of the transgenes and
genetic elements present in the stacked LM plant (e.g., loss of a trait present in the

parental LM plants).

2.3.2. Potential interactions among the stacked genes, their resulting phenotypic changes

and effects on the environment and human healtH see fAStep 10, A EI
consideration (e)o in the Roadmap)
Rationale:

The expression level of transgenes or endogenous genes in a stacked LM plaatamayged

as compared to the parental LM plant dug¢réms-regulation Such changes are more likely to
occur if the parental LM plants contain transgenes or regulatory elements that share similarities

among them or witlkndogenous sequences (e.g., same binding sites for transcriptional factors).

The products of transgenes and endogenous genes may also interact. This is most likely to occur
if the gene products belong to the same metabolic pathway or physiologicas®ome of the
interactions may lead to changes that can be detected during the phenotypic characterization of
the stacked LM plant, whereas other interactions may not be detectable through a typical
phenotypic characterization. Previous risk assessnoértke parental LM plants provide useful
information on the mode of action and molecular characteristics of the individual genes as a

starting point to assess the potential for interactions.

In addition to information about the characteristics of thergat&M plant, specific information

on potential for interactions among transgenes and other genetic elements (e.g., promoters and
other regulatory elements), proteins, metabolites or modified traits and endogenous genes and
their products in the stackedVLplant should be considered and assessed, paying particular

attention to transgenes that belong to the same biochemical pathways or physiological processes.
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Elements for consideration:
(a) Effects of the parental LM plants on the environment;

(b) Information ontranscriptional and postanscriptional regulation of genes and their
products that may be predictive of interactions between the novel and endogenous genes

and/or DNA elements in the stacked LM plant;

(c) Whether transgenes with similar functions or beloggothe same metabolic pathways

were stacked;

(d) Levels of expression of the transgenes and their products compared to the parental LM

plants and to the nemodified recipient organisms.

2.3.3. Combinatorial and cumulative effects( s ee A St ep dmsi dieProi (nd) taon o
ARStep 20, APoint to consider (e)o and fASt e

Rationale:

An assessment of the risks of a stacked LM plant to cause combinatorial and cumulative effects

should be considered in the contextla# closely related nemodified recipient organism(s) and

the parental LM plants in the likely potential receiving environment, taking into account the

results of the genotypic and phenotypic assessments outlined above.

Combinatorial effectsmay occur due to interactions among the proteins and metabolites

produced by the transgenes or endogenous genes of a stacked LM plant. For example, the
stacking of various insecticidal proteins in an LM plant could have aggtie effect on non

target organisms that could be broader than the sum of the effects of the individual parental LM

plants. Likewise, the evolution of resistance in target organisms (e.g., insect pests) to such

stacked LM plants could happen faster thia® development of resistance to the parental LM

plants.

The risks of multiple stacked LM plants being cultivated in the same environment to cause

cumulative adverse effects (e.g., due to changes in agricultural practices) may also be considered.

An assesment of potential combinatorial and cumulative effects may be performed, with the
stacked LM plant(s) such as compositional analyses and toxicity studies on target -taudjeton

organisms, including monitoring of potential adverse effects to human hieatigh incidental
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exposure. Where appropriate;depth genotypic and phenotypic characterization of the stacked

LM plant may be conducted.

Elements for consideration:

(a) Effects of the use of pesticides, other chemicals or agricultural practices commexhly u

in the cultivation of the parental LM plants;

(b) Phenotypic characteristics compared to the parent LM plants and to threouitfred

recipient organisms;

(c) Interactions between the stacked transgenes or their products, or interactions among the
physiologi@al pathways in which the transgenes are involved, taking into account the
possibility that these interactions could result in potentially harmful substances (e.qg.,
antinutritional factors), some of which may persist or accumulate (e.g., via the food

chain in the environment;

(d) Combinatorial and cumulative effects arising from the presence of two or more
insecticidal proteins that could result in increased toxicity to-tagyet organisms or

faster development of resistance in the target organisms

(e) Effects onnative and local biodiversity.

2.3.4. Crossing and segregation of transgendss ee @A St ep 10, AEl ement f
and A(m)o, AStep 20, AEI ement for consid
consideration (f)o in the Roadmap)

Rationale:

Due to gnetic recombination, the offspring of a crossing will have combinations of genes that
differ from those found in either parent. In the case of stacked events, the number of new
combinations of transgenes that may result from a cross will depend on thernwamsgenes

involved in a crossing, their location in the genome and their distance from each other.

As a result, a set of new stacked LM plants may arise in the environment through crossings
between a stacked LM plant and other LM plants. Successossiogs with nommodified
sexuallycompatible relatives in the receiving environment may also result in the stacking of

genes and traits. These crossings can either be mediated by man or occur naturally through

4 See definitions in the “Use of Terms” section.
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pollination and may result in a range of nstacked LM plants containing new and/or different

combinations of transgenes and other genetic elements.

The larger the number of different sexuatlympatible LM plants, stacked or not, being
cultivated in the same environment, the more variations antplexity of new stacked LM
plants may occur. The presence of sexuatisnpatible LM plants being cultivated in the likely
potential receiving environment of the stacked LM plant under consideration is to be taken into

account when establishing risk sceasaor hypotheses during step 1 of the risk assessment.
Elements for consideration:
(@) Presence of other singéent and stacked LM plants of the same species;

(b) Possible new combinations of transgenes and other genetic elements should the stacked
event undeconsideration cross, intentionally or unintentionally, with other LM plants,

stacked or not, or with nemodified relatives;

(c) Potential adverse effects of the new stacked LM plants, including enhanced fitness as
compared to the nemodified recipient oparental organisms, invasiveness, effects on

norttarget organisms, allergenicity and toxicity to humans;

(d) Scientifically plausible risk scenarios or risk hypotheses involving the stacked events

with different combinations of transgenes and DNA fragments.

2.3.5. Methods for distinguishing the combined transgenes in a stacked event from the

parental LMplants ( see AStep 50, APoint to consider

Rationale:

In the context of paragraphs 8(f) and 9(f) of Annex Ill of the Protocol, some of gke ri
management strategies for stacked events may require methods for the detection and
identification of these LM plants in the context of environmental monitoring. Currently, many
detection methods for LM plants rely on DNbased techniques, such as polyase chain

reaction (PCR) or proteibased ELISA tests.

Several of the current PGBased detection methods, including quantitative PCR (gPCR), are
designed to be specific to a single transformation event. While these methods may be used to
detect and iddify single transformation events, when the analysis is carried out in bulk (i.e.,

mixing material collected from various test individuals), these methods are not sensitive or
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specific enough to differentiate between single transformation events an#tedstaent arising
from a cross between these single transformation events. For example, although some software
may help predict the presence of stacked LM seeds in a bulk samiglejot possible to
unequivocally distinguish a sample containing matefiam different single transformation

events from another sample containing one or more stacked LM events.

PCRbased detection methods that are specific to a single transformation event often rely on the
amplification of DNA sequences that flank the ingertsites and that are unique to a single
transformation event. In the future, it may become a challenge to detect single transformation
events produced through sipecific insertions because the flanking sequences could be the
same among different LMOS.his could become challenging particularly in cases where the

stacked event contains multiple transformation cassettes with similar DNA sequences.

Based on the considerations above, the detection of each and all individual transgenes in a
stacked event,fineeded or required, may become a challenge and may need special

consideration.
Elements for consideration:

(&) Level of similarity/difference between different transformation constructs in the stacked
LM plant;

(b) Availability, specificity and reliability of m#énods to detect stacked LM plants in the

context of risk management strategies.
REFERENCES

See r ef er en cRisk Assessinantvol lnving Modified Plants with Stacked Genes or

Traits” http://bch.cbd.int/onlineconferences/ra quidance references.shtml
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3. RISKASSESSMENT OF LIVING MODIFIED PLANT S WITH TOLERANCE TO
ABIOTIC STRESS

3.1. INTRODUCTION

While the same general principles used in the risk assessments of otheff tyJd€3s also apply
to LM plants with increased tolerance to abiotic stPekgre are a number of specific issues that
may be of particular importance when assessing the risks of LM plants tolerant to abiotic

stresses.

As outlined i n Itihsehisnegc ttihoen coomn t“eEstt aabnd scope”
identifying protection goals, assessment endpoints and establishing scientifically plausible risk

scenarios are some of the first actions to be taken during a risk assessment.

An important congleration in performing a risk assessment of an LM plant with tolerance to
abiotic stress is the possibility of multiple interactions between the new trait and the receiving

environment, and the associated need to design a properly controlled field erperime

In plants, any gene (or gene product) or gene combinations providing increased tolerance to

abiotic stress may haygeiotropic effectson the stress physiology of the plant. For example,

drought, temperature dnsalt stress are interconnected by common metabolic and signal
transduction pathways. Such pleiotropic effects may be classified as "unintended predicted
effects” (see the Roadmap, step 1) and may be evaluated during the risk assessment by
considering thecrosstalk mechanisms between different stress responses of the plant, and by
evaluating whether or not the identified changes may cause adverse effects. Disciplines such as
plant physiology, plant pathology and entomologyynpaovide useful context based on non
modified crops to clarify crosmlk mechanisms among abiotic stress responses and how these
responses may change susceptibility to biotic stresses (e.g., predators, pests and pathogens) in an

LM plant that is toleranto abiotic stresses.

5 For the purpose of this 4vingeharanmental factardwhich arecdetrsnentabts ar ;lsbit ar e n
the growth, development and/or reproductmina living organism. Types of abiotic stresses include, for example, drought,

salinity, cold, heat, acidic or basic soils, soil pollution and air pollution (e.g., nitrous oxides, ozone, highnCéntration).

Increased tolerance to abiotic stress hag loeen a target of plant breeders working towards improved crops that would be able

to cope with the stress. In the context of this document, herbicides are not considered a type of abiotic stress.
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The stress tolerance of the LM plant should be assessed with respect to an appropriate range of
potential environmental conditions that reflect the potential conditions to which the LM plant is
likely be exposed, including for examplariation in the duration and periodicity of the stressor

(e.g., drought, flood, suboptimal temperatures, salinity or heavy metals). These variations pose
difficulties for (i) controlling and measuring conditions in field experiments and (ii)
characterizng the phenotype of the LM plant itself, which in many cases may be subject to the

interaction between external and physiological parameters.

Some of the issues that could arise from the introduction of LM plants tolerant to abiotic stress
into the envirament and which may lead to adverse effects include, for example: a) increased
selective advantage(s), other than the intended tolerance trait, which may lead to potential
adverse effects (e.g., resulting from the introduction of a transcription faaotiadf more than

one trait); b) increased persistence in agricultural areas and increased invasiveness in natural
habitats; c) adverse effects on organisms exposed to the LM plant; and d) adverse consequences
of potential gene flow to wild or nemodified relatives. While these potential adverse effects

may exist regardless of whether the tolerant plant is a product of modern biotechnology or
conventional breeding, some specific issues may be more relevant in the case of abiotic stress

tolerant LM plants.

In this context, questions that may be relevant to the risk assessment of LM plants with tolerance
to abiotic stress in connection with the intended use and the receiving environment include:
1 Does the tolerance trait have the potential to affect otheratmte and/or resistance

mechanisms of the LM plant, for example, via pleiotropism?

1 Does the tolerance trait have the potential to cause an increase of the invasiveness,
persistence or weediness of the LM plant that could cause adverse effects to other
organisms, food webs or habitats?

1 Does an LM plant arising from outcrossing with the abiotic stress tolerant LM plant have
the potential to change or colonize a habitat or ecosystem beyond the intended receiving
environment?

1 Does an LM plant expressing taece to a particular abiotic stress have other advantages
in the targeted receiving environment that could cause adverse effects?

1 What are the adverse effects in regions that have not been exposed to commercial

agriculture but may become exposed to stt@lesant LM plants?
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The following sections elaborate on specific issues that may be taken into account, ehya case
case basis, when assessing the risks of LM plants tolerant to abiotic stress and the potential
adverse effects to conservation and suatdeuse of biodiversity, taking also into account risks

to human health.
3.2. PLANNING PHASE OF THE RISK ASSESSMENT

3.2.1. The choiceof comparators( see fi Pl anning Phase of the Ri

of comparatorso in the Roadmap)
Rationale

As outlined in the Roadmap, the first step in the risk assessment process involves the
characterization of genotypic or phenotypic changes, either intended or unintended, associated
with the abiotic strestlerant LM plant, that may have adverse effectsbmuiversity in the

likely potential receiving environment, taking into account risks to human health.

The identification of genotypic and phenotypic changes in the abiotic stress tolerant LM plant,
either intended or unintended, is typically carried mutcomparison with the nemodified
recipient organism and/or plants which are not LMOs but exhibit a similar abiotic stress
tolerance. The nemodified comparator provides the baseline information for comparison during
trials when it is grown at the sartime and location as the LM plant. Comparisons should also

be made, as appropriate, in a range of environments with different stressor intensities and

durations.

While the comparative approaahould be used to assess whether or not the LM plants with
tolerance to abiotic stress have increased fitnedgantages undenonstress conditions,
additional approaches (and compargtdie risk assessment need to be implemented for

assessing potentiatlverse effects under abiotic stress.

LM plants with tolerane to abiotic stress may present specific challenges in the experimental
design to generate data for the risk assessment. In some cases, for instance, an approach uses
different reference plant lines, which typically include a range of genotypes reptigsenitdhe

natural variation in the plant species. Another important consideration is whether the
experimental design is properly controlled for the effect of the abiotic stress trait. In the extreme
case, when the nemodified plant cannot be grown inegthrange of conditions of the receiving

environment because the abiotic stress conditions prevent or severely affect the growth of the
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norntmodified plant, a comparative approach between the LM plant and thenaodified plant

will need to be adjusted. In &lu cases, nemodified varieties or distant relatives that are tolerant

to abiotic stress may become useful comparators. These may incluseoddied organisms

that share, with the LMO, similar biochemical, physiological or phenotypical responseshender t
relevant stress conditions such as photosynthesis and accumulation of protective pigments, stress
hormones, reactive oxygen species, and-@itlative species. It is noted however that, in
situations where the nemodified recipient organism, or (neasogenic or closely related lines
cannot be used for a comparative risk assessment, the use -tsfogenic lines or distant
relatives as comparators can make it more difficult to identify statistically meaningful

differences.

In situations where a sulile comparator is not available, the characterization of the abiotic
stress tolerant LM plant may be similar to that carried out for alien species, where the whole
plant is considered a novel genotype in the receiving environment. On a case by case basis,

available information from Ao mi cs 0 t e c hfnoorl o geixeasmp | e, “tral

ionomi cs"” , may help to de

met abol omics” and
the production of a novel allergen or antitrient) that cannot be detected using a comparison

with field grown plants under suboptimal conditions.

Where nommodified organisms are unsuitable as comparators, insight may be gained by

comparing LM individuals grown under stress to individuals gramaher normal conditions.
Elements for consideration:

(@) Characteristics of the LM plant with and without the influence of the abiotic stress or

other stresses, if applicable; and

(b) Whether comparators that can generate meaningful data are available andiged be

in appropriately designed experiments.
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3.3. CONDUCTING THE RISK ASSESSMENT

3.3.1Unintended characteristics including crosgalk between stress responsgss e e 11 St e p

in the Roadmap)
Rationale:

The abiotiestresstolerant LM plant may have charadgtics such as tolerance to other types of
biotic and abiotic stresses (i.e., crbalk in biochemical signalling), which could lead to a
selective advantage of these plants under stress conditions other than that related to the modified
trait. For instane, plants modified to become tolerant to drought or salinity may be able to
compete better than their counterparts at lower or higher growing temperatures. The
characteristics of an LM plant with increased tolerance to an abiotic stress may affeatriéd gen
biology (e.g., if the genes alter multiple characteristics of the plant) or its distribution range in the
likely potential receiving environment, which may cause adverse effects. Other changes could
influence seed dormancy, viability, and/or germio@tirates under other types of stresses.
Particularly in cases where genes involved in abiotic stress are also involved in crucial aspects of
physiology, modifications involving these genes may have pleiotropic effects. If the stress
tolerance trait leadsotan increased physiological fitness, introgression of the transgenes for

stress tolerance may occur at higher frequencies than observed ameangdified plants.

The response mechanisms to abiotic and biotic stresses in plants may have interactimssand
talk mechanisms. For that reason, an LM plant modified to acquire drought or salinity tolerance
may, for example, also acquire modified tolerance to biotic stresses, which could result in
changes in interactions with its herbivores, parasitoids atitbgens. Such crosalk between

the different types of stresesponse mechanisms could, therefore, have both direct and indirect

effects on organisms that interact with them.
Elements for consideration:

(@) Any intended or unintended change that may leasktective advantage or disadvantage
acquired by the LM plant under other abiotic or biotic stress conditions that could cause
adverse effects;

(b) Any change in the resistance to biotic stresses and how these could affect the population

of organisms interaictg with the LM plant; and
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(c) A change in the substances (e.g., toxin, allergen, or nutrient profile) of the LM plant that

could cause adverse effects.

3.3.2. Testing the living modified plant in representative environmenty see fiStep 10

Roadmap)
Rationale

LM plants with tolerance to abiotic stress are intended to be cultivated under abiotic stress
conditions. Therefore, in accordance with the general principles of Annex Ill to the Protocol that

risk assessments should be carried out on alpasasebasis, it is of particular importance that

the assessment of potential adverse effects of LM plants with tolerance to abiotic stress be
conducted in relation to the ‘likely potent:i

consideration.

Regional vaation and differences in receiving environments that may influence the
characteristics and the behaviour of the LM plant as well as its interactions with the environment
should be taken into account during the risk assessment. Regions and locationdatéhare
collected or field trials are conducted should represent the range of agricultural, plant health and

environmental conditions the LM plant is expected to encounter.

Different environments may be distinguished, for example, by differenceganaihal fauna, soil
property/chemistry, agricultural practices, climatic and geographic conditions, etc. Relevant
characteristics of a specific region such as agricultural practice, climatic and geographic
conditions should be determined at the start ofrigle assessment as these characteristics may
lead to differences in potential adverse environmental effects which only become evident if

assessed on a regional level.
Elements for consideration:

(@) The likely potential receiving environment where exposurtnéoLM plant may occur
and its characteristics such as information on geographical, climatic and ecological
characteristics, including relevant information on biological diversity, centres of origin

and centres of genetic diversity;

(b) Regional variation andifferences in the likely potential receiving environments that
may influence the characteristics and the behaviour of the LM plant with tolerance to

abiotic stress including, for example, agricultural practices and agronomic structures
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(e.g., input of nrogen fertilizers), cultivation systems (e.g., lllage farming), crop
rotation practices, climatic conditions, occurrence of-tawget organisms, as well as

other abiotic and biotic conditions;

(c) Locations where field trials have been conducted to rgémedata for the risk
assessment, if applicable, and how the conditions of the field trials represent the range
of conditions expected in the likely potential receiving environment(s) in different

regions;

(d) Relatives which can crossbreed with the LM plenthe likely receiving environment
and the possible consequences of introgressing the abiotic stress tolerance traits into

these species;

(e) How the LM plant behaves when the tolerance trait is not expressed because of the

absence of the stressor, e.g., giduolerance under normal water regimes.

3.3.3. Persistence in agricultural areas and invasiveness of natural habitaiss ee A St ep 1

AStep 20, AEl ements for consideration (b)
consideration (e)o in the Roadmap)
Rdionale:

Climate conditions, water availability and soil salinity are examples of factors that limit the
growth, productivity, spread or persistence of a plant species. Expression of the genes for abiotic
stress tolerance could result in an unwanted iseg@ersistence of the LM plant in agricultural
areas. Expression of these genes may also change the capacity of LM plants to establish in
climatic and geographic zones beyond those initially considered as the likely potential receiving

environments.

In the event where the modified gene is a transcription factor conferring tolerance to abiotic
stress, the transcription factor may also affect the response mechanisms to other forms of abiotic
stress. For example, the seeds of a plant modified for droughtioity tolerance may acquire in
addition tolerance to cold resulting in an increased winter survivability of the seeds. Therefore,
an abiotic strestolerant LM plant may acquire the potential to persist better than its non

modified counterpart and othspecies under different abiottress conditions.

Most tolerance traits can be expectewdsuallyo have

an energy cost which may impact the potential for the plant to persist under conditions of low
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selectionpressure (i.e., low abiotic stress). The metabolic cost can have a significant impact on
the potential of the LM plant to survive and persist in an environment over time and should be
taken into account when assessing the potential of the LM plant tstperagricultural areas

and natural habitats.
Elements for consideration:

(a) Consequences of any increased potential for persistence of the modified plant in
agricultural habitats, and invasiveness and persistence in natural habitats;

(b) Need for and feasibiyy of control measures if the abiotic stréeterant LM plant shows
a higher potential for persistence in agricultural or natural habitats, that could cause
adverse effects;

(c) Characteristics, such as prolonged seed dormancy, long persistence of shedsoih t
germination under a broad range of environmental conditions, rapid vegetative growth,
short lifecycle, very high seed output, high seed dispersal anddlstamce seed
dispersal;

(d) Effects of climate change that could change the ecological rartije bM plant; and

(e) Implications of modified agricultural practices associated with use of the LM plant

expressing tolerance to abiotic stress.

3.3.4. Effects on the abiotic environment and ecosystenff see fAStep 30, i EI
considerati athe Roadinappnd (e) o i

Rationale

Changes to the abiotic environment resulting from the use of LM plants will depend largely on
the introduced trait, and may be relevant for LM plants with modified tolerance to certain

environmental conditions.

The development dfM plants with tolerance to abiotic stress(es) may allow for an expansion of
arable lands and cultivation areas of these plants in natural environments. The increase in the area

of land for agriculture and consequences to biodiversity should be assessed.

The cultivation of LM plants with tolerance to abiotic stress may lead to changes at the
ecosystentevel, for example by allowing certain pests associated with the LM plant species to

breed in ecosystems where they were not previously present.
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Elements foconsideration:
(@) Changes in the geography, and extension of arable lands;

(b) Agricultural practices related to the LM plant and how these may change the abiotic

environment and ecosystem;

(c) Modelling tools, if available, to predict how the changes in agriculpretices due to
the LM plant may affect the abiotic environment.
REFERENCES

See ref er encRisk Asseesmeniva bM plant® with Tolerance to Abiotic Stress

http//bch.cbd.int/onlineconferences/ra guidance references.shtml
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4. RISK ASSESSMENT OF LIVING MODIFIED TREES
4.1. BACKGROUND

During its eighth and ninth meetings, t he Con
uncertainties related to the potentialieonmental and socteconomic impacts, including long

term and transboundary impacts, of genetically modified trees on global forest biological
diversity”, recommended “Parties to take a pr
genetically modii ed trees”, and urged Parties to unde
LM trees, such a8 t o d e v-askessmentr criterik specifically for genetically modified

t r e®dMsrdover, forest biodiversity is one of the seven thematic programmeglofwder the

Convention on Biological Diversity (CBD).

According to the Food and Agriculture Organi s
woody perennial with a single main stem, or, in the case of coppice, with several stems, having a
more oress def i diThiseguidance facuses on forest and plantation trees. Some
considerations contained here may also be applicable to risk assessment of orchard trees. This

section does not cover any additional species such as palms, bamboos and shrubs.

4.2. INTRODUCTION &

Tree species belong to many different taxonomic orders and families of angiosperms (flowering
pl ant s; e. g., mahogany, popl ar, apple) and gy
cedar). Trees differ from other plants, Buas annual crops, due to characteristics such as size,

perennial growth habit with a long lifespan, and delayed onset of reproductive maturity.

High fecundity together with seed dormancy, many pathways for dispersal of propagules, and
high seed viabilityare important aspects of the reproductive capacity of many, although not all,
tree species. Moreover, the potential for vegetative propagation in certain trees raises the

possibility that new individuals can be established from propagules, such as branais.

6 See COP decisions VIII/19 paragraphs 2 andht®f//www.cbd.int/decision/cop/?id=11083and IX/5 paragraphs 1(£2)
(http://www.cbd.int/decision/cop/?id=11618

7 “Training manual o fn i myest orgut si de forests ( TOF)
ftp://ftp.fao.org/docrep/fao/006/AC840E/ACB40E . pdf

8 The biology of trees is relevant for risk assessment. Not all aspects of trees biolsgyase unique to them or shared by
all trees but ardiscussed here to focus the risk assessment of LM trees.
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Because of their perennial growth and, in many cases, long lifespan and large size, trees develop
complex, direct, indirect and mulevel ecological interactions with other organisms ranging
from decomposers to birds and from insect pattins to large wild animal3.hose interactions

may span over several generations of the other species if they have shorter litdspaosger,

the root systems of trees can be extensive and are often associated with microorganisms and

fungi, such as myecdhizae (symbiotic associations).

Regarding reproductive maturity and breeding systems, many tree species undergo a distinct
juvenile phase which may last from several years to more than a decade before the onset of
reproductive maturity. As a result, sertree species have gone through only a limited number of
breeding cycles by the time they are planted for commercial purposes. Additionally, some tree
species are dioecious (i.e., plants that are either male or female) and cannot undergo selfing (i.e.,
common practice for increasing homogeneity of many crops), leading to the increased use of
methods for vegetative propagation to ensure uniformity of the propagated trees for plantation
use. By using cuttings from some tree species, in particular somadrst a desirable selected
genotype may be grafted onto a rootstock of a different genotype. For many forest and fruit tree
species, clonal multiplication of identical individuals can be achieved through regeneration of

entire trees from vegetative propdegs such as cuttings or somatic embryos.

Tree species and genotypes are highly diverse and exhibit a wide range of distribution and
complex associations with other organisms, as well as significant ecological, economic,
environmental, climatic and soeeonomic values. Fruit, ornamental, and forest tree species of
economic interest grow in various regions of the world from temperate to tropical climates.
Thirty one per cent of the total global land area or more than 4 billion ha, is covered by forests.
Minimally managed forest habitats and wmoanaged forests like tropical rainforests or boreal
forests are of high conservation value. Accordingly, many countries regard trees as important
components of biodiversity and have protection goals to ensure theservation. Such
protection goals should be taken into account when assessing the possible adverse effects of LM

trees and emphasis should be given to the precautionary approach.

9 Furtherinformation onthe biology of different tree species can be found at
http://www.oecd.org/env/ehs/biotrack/consensusdocumentsfortheworkonharmonisationofrequlatoryoversightinbiotechnologytree
s.htm
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A number of LM trees have been developed through the use of modern badbgyhand
introduced into the environmetft.The majority of these LM trees are species of economic
interest used in managed orchards, forests and plantations. The modified traits include herbicide
tolerance, wood composition (e.g., lignin), growth ratd phenology (including flowering and

fruiting), resistance to pests and diseases, and abiotic stress tolerance.
4.3. PLANNING PHASE OF TH E RISK ASSESSMENT

4.3.1. The choice of comparatoryf see APl anning Phase of the Ri

ofcompaat or so0 in the Roadmap)

Rationale:

As with the risk assessments of any other type of LMO, a comprehensive planning phase is
needed to define, among other things, how a comparative approach can be carried out in the risk

assessment of an LM tree.

In instarces where LM tree species have a long lifespan and high potential for dispersal,
outcrossing and establishment beyond the intended receiving environment (e.g., into natural or

less managed ecosystems) should be taken into account.

In forestry, the use ofrell adapted provenances (i.e., trees that have evolved or been bred within
the region where they will be grown commercidfhis of great importance because they may
show better adaptive capabilities and consequently better performance than unselected
gemplasm*?> These regional provenances, whether naturally occurring, domesticated or
introduced but locally bred and adapted, may provide appropriate comparators for LM trees in

accordance with national protection goals and good forest management practices.

For those LM tree species for which there is little or no information with regard to their
ecological functions and interactions in the likely potential receiving environment, the

comparative approach may be challenging. In such cases, the assessneeaverfaihrisk of the

10 See thdMO registry in the BCH lfttp://bch.cbd.int/database/organisjresid background documents for this section.
24 A comparable concept for crop plants would be regionally adapted crop varieties

12 For example theMinisterial Conference on the Proe ct i on o f For est s Natiwe sfeceas ama docakr e c 0o mme
provenances should be preferred where appropriate. The use of species, provenances, varieties or ecotypes outside their natur
range should be discouraged where their introduction wouldaeger important/valuable indigenous ecosystems, flora and
fauna”
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LM tree may involve a high degree of uncertainty which must be described in the conclusions of

the risk assessment and communicated to decision makers.

Elements for consideration:

(&) Availability of information and knowledge of the bagy and ecological interactions of
the species and/or genotype (including regional provenances or ecotypes as appropriate)

that can be used as a comparator;

(b) Whether one or more suitable comparators are available and the possibility of their use

in the gpropriate experimental design;

(c) Design of field trials in relation to established methodologies for themaified trees,
including for example the length of the period before flowering, the length/age of trials,

testing in different environments aeslposure to multiple biotic and abiotic stresses.

4.4. CONDUCTING THE RISK ASSESSMENT

The information provided in this section aims at covering different tree species and management

practices and may be taken into account on alogsase basis.

4.4.1. Presence of genetic elements and propagation methodss ee fA St ep 10,

consider (b)o in the Roadmap)

Rationale:

The transformation method used may lead to the presence of modified genetic elements in an LM
tree that could be linked to potential advesffects (e.g., some antibiotic resistance genes). The
crossbreeding process (including backossing) is an option to reduce the presence of such

genetic elements.

Many tree species have a long juvenile period and, for the purposes of forestry aatibpnt
their multiplication is typically achieved through clonal and vegetative propagation. In such
cases, the removal of undesirable genetic elements in LM trees throughresdisg would not

be feasible.
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Elements for consideration:

(@) Transformation mihods used which may possibly lead to the presence of genetic

elements that may have an adverse effect;

(b) Propagation method(s) usectrossbreeding (including the degree of bamlossing, if

possible, in that species) and/or vegetative propagation.

4.4.2. Long lifespan, genetic and phenotypic characterisation and stability of the
modified genetic elements( see A Step 10, APoi nt to con:

Roadmap)

Rationale:

In unmanaged ecosystems, the lifespan of some trees can range from seveesl tbesaderal
centuries or longer. Such trees can tolerate and adapt to the different biotic and abiotic conditions
they encounter during their lives. The phenotypic characterization of an LM tree should consider
its developmental stage and a range of remvental conditions. To the extent possible, it may
also be important to consider whether and how management practices, that could affect the

characterization of the LM tree, would change over time.

Taking into account the long lifespan of some treasisigene instability, including those causing

gene silencing and variable expression levels, should be considered in the context of its possible
relevance for risk assessment. Similarly, genetic/environmental interactions, that may play a role
in the expresion level of the transgenes, should be duly considered. Consequently, an assessment
of the stability of the transgenes and their levels of expression at different points during the
lifespan of the LM tree may be important considerations, in particularewtransgenic

approaches are used for containment strategies (e.g., male sterility or ablation of floral organs).

Due to the large size and long lifespan of many tree species, data obtained from glasshouse
experiments may be limited with regard to, for rapde, the number of generations and
experimental replications that can be observed. This may present a challenge when the risk
assessment of an LM tree calls for data to reflect the changing characteristics of the LM tree and
the likely potential receivingnvironment over timeis a result, appropriate modelling may be

particularly useful for the risk assessment of LM trees.
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Elements for consideration:

(&) Changes in the interactions with other organisms, and changes in the ability to maintain

role and functn in ecosystems;

(b) Phenotypic changes over time in response to different stressors and different

developmental stages;

(c) Potential for variability in transgene expression levels, including gene silencing over

time;

(d) Availability of data from glasshouse expedntation (including exposure to biotic and

abiotic stresses).

S5
m

4.4.3. Dispersal mechanismg see fAStep 10, and AStep 20,

(e) and (h)o in the Roadmap)

Rationale:

Forest trees, like other plants, have developed a variety of twagproduce and disseminate via
seeds, pollen and/or vegetative propagules. Trees often produce large amounts of pollen and seed
per individual and propagules may be designed to spread over long distances (e.g., by wind,
water, or animals including inses). The potential for vegetative propagation in certain trees

raises the possibility of establishing new individuals from branches or root parts.

Seeds inside fruits may travel as commodities around the globe and be released at the place of
consumptors uch as road margins, rail ways or tour.i

local gardens.

Many trees are capable of vegetative propagation which increases the exposure of the
environment, both in terms of time and space, particularly in theoddagge trees with a long
lifespan. Therefore, the potential for and means of vegetative propagation are relevant

considerations during the risk assessment of LM trees.
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Elements for consideration:

(8 Available information on the dispersal mechanisms ankilitiaof pollen and seed for

the noamodified and LM tree species;

(b) Potential for and mechanisms of vegetative propagation in thenodrfied and LM

tree species;
(c) Climatic conditions, or management practices that affect reproductive biology;

(d) Potential for dispersal mechanisms from anthropogenic activities (e.g., trade and

consumption of fruits);

(e) Expansion of the distribution area of an LM tree due to dispersal mechanisms

throughout its lifespan.

4.4.4. The likely potential receiving environment(s) ( seet efi S 10, AEl e ment
consideration (f) and (g) o0, AStep 20, nEI e
RnStep 30, AEl ements for consideration (a) .

Rationale:

The identification and characterisation of likely potential reéogivenvironment(s) may be
dependent on the LM tree in question, its habitats, the traits and modified characteristics and its
mechanisms for dispersal. With some trees the intensity of management in the likely potential
receiving environment may be lesathfor some annual plants. The domestication level of some
forest trees may be low and trees can often survive without human intervention. Therefore, the
potential for dispersal of propagative material into environments other than the intended

receiving emironment is an important consideration during the risk assessment.

Many tree species (e.g., poplars and eucalyptus) can propagate through vegetative means. When
characterizing the likely potential receiving environment during the risk assessment ainsuch

LM tree, the movement of seeds as well as the movement of vegetative propagules should be
taken into account. Issues related to unintentional transboundary movements may also be taken
into account in cases where LM trees could cross national bounttameesyh, for example,

pollen or seed dispersal by physical and biological vectors, including the international trade of

fruits with seeds.
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Elements for consideration:

(&) Environments and their degree of management which offer the potential for seeds and/or

vegetative propagules to establish;

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

may hybridize;

(c) Proximity of protected areas, centres of origin and genetic diversity or ecologically

sensitive regions;

(d) Ecosystem furttons and services of the potential receiving environment (e.g., relevant

components of food webs);

(e) Change in landscape patterns and sensitivity of the receiving environment to human

activities.

4.4.5. Exposure of the ecosystem to living modified trees anplotential consequences

(see NStep 20 and AStep 30 in the Roadmag

Rationale:

Some trees remain relatively undisturbed for much of their life cycle and may engage in a variety
of ecological interactions, such as providing habitat for other organisms rettbfung as part

of complex and elaborate food webs. In determining the likelihood of an adverse effect of an LM
tree, an assessment of the exposure to the LM tree should take into account the expected duration

of the trees pr es omme™, the nature lofethe transgenic \traite, ghe e n v i
intended use of the LM tree (e.g., processing, trade routes), as well as dispersal mechanisms.
Given the late onset of reproductive maturity of a number of tree species, pollen and seed

production may notacur during field trials.

The expansion of tree cultivation areas for bioenergy may also increase the diversity of

environments exposed to LM trees including those modified to mitigate potential invasiveness.
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Elements for consideration:
(a) Duration of the pesence of the LM trees in the likely potential receiving environment;

(b) Persistence and potential loteym adverse effects of the LM trees in the environment

including potential for the nemodified recipient organism to be invasive;
(c) Consequences of theadlified trait on invasive characteristics;

(d) Longterm interactions that could lead to adverse effects to other organisms including via

food web interactions;

(e) Consequences on ecosystem functions and biodiversity arising from the changes in land

use for the gltivation of LM trees.

4.4.6. Risk management strategie¢ see fAStep 40, APoint to con

the Roadmap)

Rationale:

The need for risk management strategies designed for LM trees will depend on the results of risk
assessment, and megry depending on the LM tree and the conditions under which it is grown.
When the recommendations of the risk assessment include measures for limiting or preventing
dispersal of forest or plantation LM trees, strategies that may be used include delaying
preventing flowering (e.qg., fagfrowing trees for pulp or biomass/bioenergy production being cut
before reaching the reproductive phase) and biological confinement (e.g., induction of male
sterility or flower ablation). While complete flower ablatiannot desirable for many fruit or
horticultural tree species, male sterility may be appropriate in some species (e.g., apples) where
pollen from a different variety (which could be nomdified) is usually required. However, male
sterility approaches wilhot prevent the production of seeds by LM trees fertilized by fertile
trees. Where applications involve genetic modification of only the rootstock in grafted trees,

dispersal may be managed by ensuring that the rootstocks do not produce shoots or flowers.
Elements for consideration:

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

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

trees);
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(c) Specific effects and risks of any containment strategy achieved through the use of modern

biotechnology.
REFERENCES

See ref er enRiskAssesenied of aNh Treest o “

http://bch.cbd.int/onlineconferences/ra guidance references.shtml
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5. RISKASSESSMENT OF LIVING M ODIFIED MOSQUITOES SPECIES THAT
ACT AS VECTORS OF HUMAN AND ANIMAL DISEA SES

5.1. INTRODUCTION

Living modified (LM) mosquitoes are being developed through modern biotechnology to reduce
transmission of vectdvorne human pathogens, particularly those ¢hase malaria, dengue and
chikungunya. Control and reduction of such diseases is a recognized public health goal. The
impacts of such diseases on human health are staggering. For instance, in 2008, there were 247
million cases of malaria and nearly onelinil deaths: Therefore, specific and comprehensive
considerations should be undertaken with regard to the potential benefits and adverse effects of

LM mosquitoes.

The biology and ecology of mosquitoes, on the one hand, and their impact on public $iealth a
vectors of human and animal diseases, on the other hand, pose specific considerations and

challenges during the risk assessment process.

Two strategies of modern biotechnology, namely-keliting and selfpropagating strategies, are

being developed tproduce LM mosquitoes to control vectwrne diseases.

Seltlimiting strategies are being developed to control mosquito vectors by suppressing their
population or reducing their competence by developing LM mosquitoes that are unable to
produce viable offsring. This can be achieved, for instance, by interrupting larval development

of the offspring. As such, LM mosquitoes developed underlisgling strategies are not

expected to pass the modified trait to subsequent generations. Modern biotechnoluiguésch

for the development of selfi mi ti ng LM mosquitoes popul atio
carrying a Dominant Lethal” or RIDL) are diff

induce male sterility because they aim to produce populatlmtsarebehaviourally sterile

Other sellimiting strategies target metabolic processes of the mosquito vectors and aim at

lowering their fitness and thereby reducing their populations.

Self-propagating strategse also known as se#iustaining strategies, rely @enedrive systems

that promote the spread and persistence of the transgene through populations of the same

mosquito species. As opposed to the-Bediting strategy the modifications in LM mosquitoes

13 WHO (2010) Malaria fact sheet. Availabéehttp://www.who.int/mediacentre/factsheets/fs094/en/
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produced through seffropagating strategies are intended to be heritable and to spread through
the target population and, thus, to persist in the ecosystem at least for the medium term. Hence,
the objective of selpropagating strategies is the replacement of themodified mosquito
population by the LM mosquitoes that have been modified to render them less capable of
transmitting a disease. In a related approach,-deme systems may be used to promote the
spread ba gene that confers a fitness load or a male bias in the offspring ratio. In this way, gene
drive systems may be used to suppress vector population sizes or induce a cascade of population
crashes. An example of such a system is ashi¢dding homing endoclease gene (HEG)

which can be driven into a population at the same time as biasing the offspring ratio towards

males and hence potentially inducing arnadlle population crash.

Another strategy, the stalled paratransgenesis, is under developmentotral, reduce or
eliminate the capacity of vectors to transmit pathogens mainly, but not exclusively, by blocking
the development of the pathogen in the vector. Paratransgenesis focuses on utilizing symbionts of
insects to express molecules, within a gedhat are deleterious to the pathogens transmitted by

the vector. In the case of paratransgenesis for the control of diseases transmitted by mosquitoes,
the mosquito itself will not be genetically modified, but the microorganism that inhabits the
mosquto (e.g. in its mieut) will be the product of modern biotechnology. Such microorganisms
may have a specific, symbiotic relationship with the mosquito, or may be commonly associated
with the mosquito but not have an obligate relationship. Paratransgeaedie used as a self
limiting strategy for population suppression or as a limited-melpagating strategy for

population replacement (see above).

The mosquitoes developed through the different strategies will differ, for example, in their ability
to pesist in the environment and to spread the inserted transgenes into the local mosquito
population, or even into other organisms. Therefore, the risk assessment requirements and criteria

will depend on the specific characteristics of the LM mosquito ansttategy used.

Since this guidance is not focused on one particular type of technology or genetic mechanism,
additional and more specific guidance may be necessary when conducting the risk assessment of
a particular LM mosquito depending, among othendhj on the strategy used. The risk
assessment of LM mosquitoes performed on albgsase basis may also benefit from a broader

approach using laboratory and confined field tests together with mathematical modelling.
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5.2. OBJECTIVE AND SCOPE

The objectve of this section is to give additional guidance on the risk assessment of LM
mosquitoes in accordance with Annex lll to the Cartagena Protocol on Biosafety. Accordingly, it
complements the Roadmap for Risk Assessment of LMOs, giving emphasis to sgso#fscthat

may need special consideration for the environmental release of LM mosquitoes.

This section focuses on the risk assessment of LM mosquitoes of the @annciglag developed
through seHimiting and selfpropagating strategies to be usedthe control of human and

zoonotic diseases such as malaria, dengue, chikungunya, yellow fever and West Nile.

This section does not consider the potential adverse effects of LM microorganisms released into

the environment. Thus, paratransgenesis is nibieirscope of this guidance.
5.3. PLANNING PHASE OF THE RISK ASSESSMENT

In addition to the considerations raised in the Roadmap, the risk assessment of LM mosquitoes
focuses on ecological and epidemiological processes that may be adversely affected by the
introduction of the LM mosquito, taking into account the species of the mosquito, the LM trait,
the intended and unintended receiving environment, and the objective and scale of the intended
release.The biology and, to some extent, the ecology of the mitisgspecies that transmit
malaria and dengue are rather well known in many regions of the world. However, in certain
regions and in the environment where LM mosquitoes are likely to be introduced, more
information may be needed depending on the naturseald of the LM strategy to be deployed.

In many of these environments few studies have lbeaeducted to examine gene flow among
diseasdransmitting vectors, their mating behaviour, the interactions among vectors sharing one
habitat, how pathogens respbto the introduction of new vectors, etc. Such information may be
needed to establish a baseline in order to assess the risks of LM mosddtdiésnally,

methods for the identification of specific ecological or environmental hazards are also needed.

Identification of the likely potential receiving environment of an LM mosquito will depend on
several factors, including whether specific release sites have been planned and whether natural or
artificial barriers are present that could limit the dispeo$dhe LM mosquito. In some cases,

risk assessors may need to consider the entire national territory or even neighbouring countries as
the |l ikely potenti al receiving environment

below).

(S
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5.3.1. The choice & comparators ( see APl anning Phase of t he

choice of comparatorso in the Roadmap)

Rationale:

The line/strain used as a recipient organism for transformation may serve as a comparator for the
risk assessment of LM mosquitoes. The apphoof using a (negrsogenic line may be a
challenge. Where successive passagesused talevelop a strain of the LM mosquito, the

parental LM strain may be used as an additional comparator.

5.4. CONDUCTING THE RISK ASSESSMENT

5.4.1. Characterization of the living modified mosquito( See A Step 10 in the
Rationale:

Description of the mosquito species should include itsspdties and strains, including their
bio-geographical distribution, ecological niche, and capacity to transmit the patlaogemay
include the use of reliable molecular markers.

Elements for consideration:

(@) Description of the genetic modification, atite molecular characterization associated
with the relevant technologiewith particular attention to sequences which might

influence the mobility of the insert in the mosquito (such as transposable elements);

(b) Stability of the transgen@nd the likelihood of mutations in the transgene(s) and

changes in the insertion site(s) (in the case of mobile DMWAesponse to selection in

the receiving environment.

5.4.2. Unintended effects on biological diversity (species, habitats, ecosystems, and

ecosystem function and servicegs e e A St ep 20 and HStep 30 i

Rationale:

The role of mosquitoes imatural ecosystems should be assessedhasrelease of LM
mosquitoes may have unintended effects on the target vector and pAtlamgeather nottarget
species which may lead to adverse effeBistential unintended effects will vary from case to

caseand may include:

14 For the purposefo t

hi gui dance, the term “target vector"” refers |
pathogehh i s t he di

s
sease causing agent transmitted by the target
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1 New or more vigorous pests, especially those that have adverse effects on human health:

The released LM mosquitoes may not function as expected, for example due to gene
silencing or undetected failures in the development ofligeiing LM mosquitoes, which
could result in the release of sexually competent mosquitoes and thus increase the vector

population or disease transmission.

Mosquito species are currently able to transmit several pathogens, such as viruses and filaria,
to human bmgs and animals. An LM mosquito, in which the capacity of transmission of one

of these pathogens has been modified, may enhance the transmission of other pathogens.

Suppression of the target mosquito population might cause the population of another vecto
species to increase, resulting in higher levels of the target disease or the development of a
new disease in humans and/or animals. These other vector species may include other

mosquito vectors of other diseases.

The released LM mosquito may become aemigorous pest by, for example, becoming a

host to a broader range of pathogens.

The released LM mosquitoes may cause other pests to become more serious, including
agricultural pests and other pests that affect human activities. For example, the replacem
of Aedes aegyphy Aedes albopictusould occur as the result of a release. Such risks should

be monitored through time and at the appropriate geographical scale.
1 Harm to or loss of other species:

The released LM mosquitoes might cause other spfoesmstance, birds, bats or fish that

rely seasonally on mosquitoes for food) to become less abundant. These include species of
ecological, economic, cultural and/or social importance such as wild food, endangered,
keystone, iconic and other relevant dlifie species. Ecological effects might result from
competitive release if the target mosquito population is reduced, or from trophic
consequences of species that rely on mosquitoes for food at specific times of the year. Effects
may also occur if (i) thearget mosquitoes transmit a disease to animal species, (ii) the
released LM mosquitoes transmit a disease to animal species more efficiently, (iii) another
vector of an animal disease was released from control when the target mosquito population

was redue d , or (i v) the target pat hogen’s abunc
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effects on other organisms that interact with it, for example, by changing the population of

another animal that hosts the pathogen.

Mosquitoes, like other insects, typicalpve strong reproductive isolating mechanisms that
will not allow interspecific gene flow. However, if interspecific mating between released LM
mosquitoes and other mosquito species occurs, it could disrupt the population dynamics of
these other species.dveover, cessation of transmission of pathogens to other animals (e.qg.,
West Nile virus to birds, Rift Valley fever virus to African mammals) might change the

population dynamics of those species, favouring increases in their numbers.
Disruption of ecologial communities and ecosystem processes:

The ecological communities in the ephemeral, small aquatic habitats occupied by-ti non
mosquitoes are unlikely to be disrupted beyond the possibilities already addressed above
under “harm toeoredossHowewdrh,eri fspthe rel ea
inhabit natural habitats (e.g., trbeles), disruption of the associated community is a
possibility.

The introduction of LM mosquitoes may have adverse effects on valued ecosystem processes,
oftenrd erred to as “ecosystem services’, such
normal ecosystem functioning. The adult male and female mosquitoes feed on nectar of
flowers and participate in the pollination of plants in a similar way as butterflies,
Hymenoptera and other Diptera. In cases where mosquito species are significant pollinators,
mosquito control of any kind may reduce the rate of pollination of some plant species or

cause a shift to different kinds of pollinators.

Moreover, mosquitoes, Hotadults and larvae, are a food source for many predators (e.g.,
insects, lizards and birds), and are responsible for the transfer of large amounts of biomass
from aquatic to terrestrial ecosystems. As such, habitats in which mosquitoes are the
dominant isect fauna (e.g., high Arctic tundra) could be affected if mosquitoes were
eliminated. However, common target vector species are usually associated with human

activity and therefore not as closely tied to ecosystem services.
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Elements for consideration:

(&) The natural dispersal range and seasonality of the host mosquito in relation to the likely

potential receiving environment where the LM mosquito may be released;

(b) Effects on the target mosquitoes and pathogens resulting from the management and use of
the stategy under consideration;

(c) Whether the LM mosquitoes have the potential to cause adverse effects on other species
which may result in the other species becoming agricultural, aquacultural, public health
or environmental pests, or becoming a nuisanceheath hazard,;

(d) The effect of the transgene on the fithess of the LM mosquito in the receiving
environment, including the areas to which the LM mosquito may spread, in particular if
a selfsustaining technology is implemented,;

(e) Whether the target mosquitoespes is native or exotic to a given area;

( The normal and potential habitat range of the target mosquito species and whether the

habitat range is likely to be affected by climate change;

(g) Whether the LM mosquitoes would be more susceptible to infectiooth®sr vector

borne disease pathogens;

(h) Whether the mosquito is a member of a species complex in whickspdgeific mating

OCCUrs;

() Whether the introduction of LM mosquitoes is likely to affect other mosquito species that

are pollinators or otherwise knovm be beneficial to ecosystem processes;

) The conseguences of |l i kely mutations resu
other organisms in the environment, and any potential changes in its response to abiotic

stresses;

(k) Whether the LM mosquitoes ariély to affect organisms in other trophic levels (e.qg.,
predators of mosquitoes), and whether that could lead to an adverse effect (e.g., on the

food chain);

() Whether, in the absence of the target mosquito, niche displacement by other disease
vector specig may occur, and if so, whether that can result in an increased incidence of

the target disease or other diseases in humans or animals;
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(m) Whether the LM mosquito has potential for natural tdiggjance transboundary dispersal

or transport by anthropogenic a@nisms (e.g., used tires, aircraft, ships);

(n) Whether changes in land management in the receiving environment (e.g., wetland
drainage, irrigation practices) could occur as a result of the introduction of LM

mosquitoes, and what consequences these chamgjedshave on biodiversity.
5.4.3. Vertical gene transfer(See A Step 20 and MHStep 30 in the

Rationale:

For selfpropagating LM mosquitoes, gedeve systems for moving genes into wild populations
may be the initial focus when assessing the likelth of vertical gene transfer from LM
mosquitoes to nehM mosquitoesthrough crosgertilization. The likelihood of vertical gene
transfer in selimiting LM mosquitoes is likely to be lower than for selfopagating LM
mosquitoes, but should be asseseada casdéy-case basis (see below). Various factors may
influence gene flow and any associated adverse effects, such as the strategy used in the
development of the LM mosquito, characteristics of the transgenes, characteristics of the gene
drive system,the stability of the trait(s) carried by the mosquito over generations, and

characteristics of the receiving environment.

Some LM mosquitoes are being developed to spread the introduced trait rapidly through the
target mosquito population. For instancéew introduced intd\nopheles gambia¢he trait may

be expected to spread throughout the gambiaespecies complex. Other LM mosquito
technologies are designed to be 4ieliting and, in such cases, spread of the transgenes or
genetic elements in thergget mosquito population is not intended or expected. For the self
limiting technologies, the potential for an unexpected spread of the introduced trait should be
considered by focusing on the assumption that any management strategy to limit the sjdead cou
fail. The likelihood and consequences of this hazard can be evaluated by assessing the fitness of
the LM mosquito with the transgene should the-keliting mechanism fail to prevent spread of

the transgene. .

Gene flow between different species maycbasidered for all of the LM mosquito technologies
in spite of the fact that mosquitoes, like other insects, typically have strong reproductive isolating
mechanisms that will not allow interspecific gene flow. Identifying the key reproductive isolating

mechanisms and possible conditions that could lead to the breakdown of such mechanisms is of
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particular importance in the risk assessment of LM mosquitoes with this trait. In addition, the
fitness (dis)advantage conferred by the introduced trait to the Latjao and frequency of the
introduction of the LM mosquito into the environment will affect its population size as well as

the likelihood and rate of spread of the transgenes or genetic elements.

For seltsustaining strategies, the initial numbers of lodvbsquitoes released may be small,

however their persistence in the environment will provide continuing opportunities for novel
interactions and mutations that may not be detected in limited trials. Although sexual sterility
(cytoplasmic incompatibility) maprevent the transfer of the microorganism to some species, the

risks due to rare exceptions to the normal mating pattern should be considered.
Elements for consideration:

(&) Whether LM mosquitoes have the potential to transfer the modified traits to wild
mosquito populations (when it is not an intended strategy), and if so, the occurrence of
any potential undesirable consequences;

(b) Whether LM mosquitoes have the potential to induce undesirable characteristics,
functions or behaviour within the target mogquspecies or a sexually compatible

species complex.
5.4.4 Horizontal gene transfer
Rationale:

LM mosquitoes may be associated with symbionts and/or parasites such as microorganisms. In
particular, potential adverse effects as a result of the interactetwden LM mosquitoes and
Wolbachiacould warrant attention because mosquitoes are currently infested by these bacteria.
Empirical evidence suggests that horizontal gene transfer between mosquitdAsliaachia

may occur. Sinc&\olbachiaseems to reduce bbfitness and to hamper virus transmission, such

as for the Dengue viruses, potential adverse effects Maheachiacould change the capacity of

the mosquitoes to transmit diseases.
Elements for consideration:

(a) Presence of symbionts and parasites & [tM mosquitoes and whether there may be

exchange of genetic information between the host and the microorganism;
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(b) Whether LM mosquitoes have the potential to induce undesirable characteristics,

functions, or behaviour in other organisms, particularly indsacliving in symbiosis;

(c) Nucleic acid sequences in the LM mosquito which might influence the mobility of the
insert and transgenes (such as mobile elements) through recombination with genes in the

microorganisms.

5.4.5. Persistence of the transgene irhe ecosystenfSee A Step 20, APoi nt
and AStep 30, APoint to consider (a)(iii)o
Rationale:

Some of the transgenes in LM mosquitoes are designed not to persist in a population whereas
others are exgrted to spread rapidly and/or persist in wild populations. In cases where LM
mosquitoes have been found through the risk assessment process to have the potential to cause
adverse effects to biological diversity, taking into account human health, methoetfute the

persistence of the transgene in the ecosystem need to be considered.

Elements for consideration:
(&) Any undesirable consequence should the transgene persist in the ecosystem;

(b) Methods to reduce the persistence of the transgene.

5.4.6. Evolutionary responses (especially in target mosquito vectors or pathogens of

humans and animalsY\See @A Step 10) in the Roadmap
Rationale:

Any strong ecological effect also exerts an evolutionary selection pressure on the human and
animal pathogens and the mosquitetees. The main evolutionary effects of concern are those

that could result in a breakdown in the effectiveness of the technology and the resumption of
previous disease | evel s. Some LM mosquito st
ability to transmit diseases by altering its physiological mechanisms. An evolutionary effect
resulting in the development of resistance to modified physiological mechanisms in the targeted
pathogen might occur when modifying mosquito vector competence. This might thar
effectiveness of the strategy used and result in a population of pathogens that may be transmitted

more easily by additional vectors.
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Other evolutionary effects could be hypothesized, including effects resulting from climate
change, but they wouldirét imply the occurrence of some adverse effect on a species,

community or ecosystem.
Elements for consideration:

(&) Whether the target mosquito vector has the potential to evolve and avoid population
suppression, regain vector competence or acquire n@nhamnced competence against
another disease agent, and if so, the occurrence of any possible undesirable
consequences;

(b) Whether the trait has the potential to evolve and thus lose its effectiveness, or the
pathogen to evolve and overcome the limitation gdsethe genetic modification, and

if so, the occurrence of any possible undesirable consequences.
5.4.7. Unintentional transboundary movements®

Rationale:

Mosquitoes, being LM or not, have very broad geographical distribution. Individual mosquitoes
howeve within their lifetime have dispersal distances commonly of less than 5 km and for some
urban species, as short as 200 meters. Confinement will therefore be highly dependent upon the
species and the strategy used to develop the LM mosquitelirSiglig sterile male types of
technologies are expected to be highly confined temporally and spatially. On the other extreme,
confinement of selpropagating LM mosquitoes to a particular receiving environment or to a

country is unlikely and may result in transbdary movement between countries.

The risk of dispersal due to anthropogenic activities, such as transport and trade of potential
sources of breeding sites such as tyres or lucky bamboos should be considered. The consequences
of water management practicesich as irrigation or sewage water treatment, on the introduced

LM mosquito strains should also be taken into account.

In cases where LM mosquitoes are modified with ginee systems, confinement may not be
possible even when efforts are made to redoog-distance dispersal due to anthropogenic

activities.

15 SeeAtrticle 17 of the Protocolhttp://bch.cbd.int/protocol/text/article.shtml?a=epbH).
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Elements for consideration:
(&) The type of strategy used in the development of the LM mosquito (i.elinsiéiig or
self-propagating with gendrive systems);
(b) Presence of natural or artificial bams that could limit the spread and unintentional

transboundary movement of the LM mosquito.
5.4.8. Risk management strategie§See A St ep 50) i n the Roadmap

Rationale:

Where a risk has been identified that warrants a response through risk managememe or whe
there is uncertainty regarding the overall level of risk of the LM mosquito, risk assessors may
consider recommending strategies such as monitoring the LM mosquitoes to ensure that the
technology is functioning as intended and to identify unintendedrae\effects. Strategies for
halting release or recalling the LM mosquitoes, as well as mitigation methods if an unanticipated
effect occurs, should be considered. Careful implementation of the technology including the
planning of mitigation measures (suih an alternative set of control measures should a problem
occur) and the integration of other population control methods should also be taken into account.
In some circumstances methods to reduce the persistence of the transgene in the environment or
to mitigate adverse effects resulting from the expression of the transgene might be needed.
Monitoring during and after the environmental release of the LM mosquitoes to enable prompt
detection of unexpected adverse effects may also be considered.

In the deelopment of LM mosquitoes, male and female mosquitoes are commonly segregated at
the pupal stage, according to the size of pupae. Soménsitilig strategies rely on releasing

male LM mosquitoes only and require that no female LM mosquitoes are released.
Understanding and measuring the reliability and failure rate of this segregation process and

having quality control measures in place will be important in such cases.

Elements for consideration:
(a) Availability of monitoring methods to:
() Measure the efficacyand effectiveness of LM mosquito technology, including
genedrive systems and segregation of male LM mosquitoes;
(i) Detect the transgene and other markers that distinguish the LM mosquito from

nonLM mosquitoes in the receiving environment;
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(i) Detect the spreadf the transgenes into mosquito strains other than the target
strain, for example by using reliable molecular markers to distinguish the strains;

(iv) Assess the potential evolutionary letegym effects of the LM mosquito
technology (monitoring for transgestability and proper function over time);

(v) Determine the level to which the identified adverse effects may be realized,
including detection of unexpected and undesirable spread of the transgenic trait
(e.g., monitor for undesirable functions or behaviouithiw target species and
other wild related species);

(b) Availability and feasibility of mechanisms to recall or confine the LM mosquitoes and
transgenes in case they spread unexpectedly (e.g., mass releasetyfemiwbsquitoes
above a certain thresholdteanative control methods including genetic control);

(c) Effectiveness and availability of conventional methods of mosquito control (e.g.,
insecticides, larval site destruction, trapping) to conttM mosquito strains as
compared to the nemodified strain;

(d) Availability of methods for managing the dispersal of the LM mosquitoes and ensuring
that they do not establish themselves beyond the intended receiving environment (e.g.,
vegetatioAfree zones, traps, high threshold geinge systems);

(e) Availability of methods to manage potential development of resistance (e.g., in the target
vector or pathogen);

() Whether the release of an LM mosquito would affect pest control activities, such as the
use of personal protection and insecticides that control other vectors.

5.4.9. Containment of the living modified mosquito

Rationale:

Different strategies for the containment of LM mosquitoes can be applied, including physical,
biological and chemical containment. In cases where there are uncertainties with regard to the
potential adverse effects of a widespread release of LM mosquitoes into the environment, a
release limited to in a particular geographic zone may be desirable. Any containment measures
used as a means of limiting the release of the LM mosquito, either ifoloca in duration,

must be taken into account in each of the steps of the risk assessment.

Elements for consideration:

(@) The containment strategy (physical, biological and chemical) and its effectiveness;
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(b) Success rate of separating sexes ordtidn of sterility in cases of biological
containment, as appropriate;

(c) Potential for spread of the genes responsible for the biological containment.
5.5. RELATED ISSUES

There are other issues that may be taken into consideration in the decisionifonraental

releases of LM mosquitoes which are not covered by Annex Il of the Protocol. They encompass,
inter alia, the potential social, economic, cultural and health benefits associated with the use of
LM mosquitoes to control wildype mosquitoes thare vectors of human and animal pathogens

and parasites or, alternatively, the use of chemical pesticides or other means to achieve the same
result. The use of LM mosquitoes will require broader considerations of howdégase risk

affects human belviour, veterinary medicine, public health practices and national health
priorities in order to address the risks to human and animal health caused by the exposure to

wild-type mosquitoes that are vectors of pathogens and parasites.
REFERENCES
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PART Il

6. MONITORING OF LIVING MODIFIED ORGANISMS R ELEASED INTO THE
ENVIRONMENT

In accordance with the terms of reference for the AHTEG, this document provides guidance on
monitoring of living modified organisms released in the environrtfeanhd complements the
Roadmap for Risk Assessment of Living Modified ®&gi s ms (see sections o

and consideration of wuncertainty” and “Step 5°
6.1. INTRODUCTION

Ecosystems are constantly changing as part of natural processes without necessarily causing
adverse impacts on biodiversity. Howeveronitoring of living modified organisms (LMOSs)
released into the environment may allow for the identification, in a timely manner and as early as
possible, of changes that have led or that could lead to adverse effects. Monitoring may also
inform on the eed for appropriate response measures such as changes to risk management
strategies, emergency response measures, a new risk assessmesdyatmaten of prior

decisions.

Paragraph 8(f) of Annex I 11 to t hyegegdrdingthe c o | S
level of risk, it may be addressed by requesting further information on the specific issues of
concern or by implementing appropriate risk management strategies and/or monitoring the living
modi fied organism i n Artblel6ofdhe €rotecol armgl, ineparticular,o n me n
paragraphs 2 and 4 may also be relevant with respect to the implementation of monitoring. The
Convention on Biological Diversity (CBD) <cove
Monitdring”.

6.2. OBJECTIVE AND SCOPE

This document aims at offering scieAdza&sed practical guidance for monitoring adverse effects
of LMOs released into the environment that could affect the conservation and sustainable use of

biological diversity, taking into accounisks to human health. In this guidance, monitoring of

16 Decision BSIV/11 of the Conference of the Parties serving as the meeting of the Parties to the Protocol
(http://bch.chd.int/protocol/decisions/decision.shtml?decision|D=11690

17 SeeCBD article 7(a) to (d)http://www.cbd.int/convention/articles/?a=cbd).
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LMOs refers to the systematic observation, collection, and analysis of data undertaken based on
the risk assessment and following the release of an LMO into the environment, and in accordance
with the djective of the Protocdf This guidance may be applicable to all types of LMOs, and

scales of release into the environment (i.e., sraalll largescale releases).

Although monitoring of potential adverse effects to human health is within the conteéhe of t
Cartagena Protocol, it is not the focus of this section of the Guidance, and requires additional

methods or approaches.

This document does not address decisions as to whether or not monitoring should be

implemented, or who bears the responsibility emsts for implementation.
6.3. MONITORING AND ITS PURPOSES

As established in Article 7 of the CBD, Parties shall, as far as possible and as appropriate,
monitor the components of biological diversity important for its conservation and sustainable
use, andidentify processes and categories of activities which have or are likely to have

significant adverse impacts, and monitor their effects through sampling and other techniques.

For the purposes of this docugpeificchrpnimooi it ©g'l

“general *Yhonitoring”.

Casespecific monitoring may be conducted to address uncertainty in the level of risk for effects
anticipated in the risk assessment. The purpose ofspesific monitoring may vary, depending
on the type, duration (@, short or longterm) and scale (e.g., smadnd largescale) of the

release, as well as on uncertainties regarding the level of risk or its management:
A Monitoring dur kemngandor gmalbcalereavirdanadntal reledses r t

Monitoring can generate data during experimental, sieom and smalscale releases in

order to provide supporting information (e.g., to test specific risk scenarios) for future risks
assessments that may involve a larger scale of release of the same LMO. When
environmental releases of an LMO are conducted in a-wie@ manner, monitoring at
smaller scales may increase the scientific strength or certainty of risk assessments for

subsequent larger scale releases.

18 See Atrticlel of the ProtocolHttp://bch.cbd.int/protocol/text/article.shtml?a=epb

19 Some expertsintheOpennded Onl i ne Forum and AHTEG are of tgareofvi ew
this Guidance

t

h :
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A Monit or i aem ahd/ar largesrald evitorgnental releases

During longterm and largescale releases of an LMO (e.g., for commercial purposes),
monitoring may be conducted in order to gather further information to address uncertainties
regarding the level of risk, or to confirm that conclusiof the risk assessment are accurate
once the environmental release has taken place. In some cases, effects may be identifiable
but difficult to estimate or address in the framework of a risk assessment (e.g., these may
include longterm, multitrophic, or cumulative effects, as well as changes to management
practices and effects on human health). Using broader approaches to monitoring may be

useful in such cases (see considerations on general monitoring below).
A Monitoring to eecifidriskananagementestratediesi cacy of sp

In cases where risk management strategies are implemented along with an environmental
release, monitoring may be used to evaluate the effectiveness of these risk management

strategies.

General monitoring is used in sonm@peoaches to account for effects that were not anticipated in

the risk assessment. General monitoring starts with general observations of changes in indicators
and parameters, such as assessment endpoints, which are often defined within national protection
goals or are related to the conservation and sustainable use of biological diversity, taking into

account risks to human health.

General monitoring may utilize existing environmental monitoring networks, including those that
may not focus primarily on bsafety, for the surveillance of broader protection goals and
assessment endpoints that are relevant to identifying adverse effects linked to LMOs. In case
changes that could lead to an adverse effect are detected through general monitoring, possible
causs for the observed changes are examined and, where appropriate, a more specific hypothesis
is developed and tested to establish whether or not a causal relationship exists between LMO(s)

and the adverse effect, and be followed up by-spseeific monitorig or further research.
6.4. DEVELOPMENT OF AMONITORING PLAN

A monitoring plan is developed when the recommendation of a risk assessment and/or the
national biosafety policy calls for monitoring activities to be carried out in conjunction with the
envirormental release of the LMO. In such cases, the competent authority(ies) or the entity

responsible for the risk assessment may outline the requirements of a monitoring plan (including
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the reporting of monitoring data). The monitoring plan should be tramgpafescientific quality
in the context of well constructed hypotheses, and in sufficient detail so that the relevance of the

data can be appraisél.

If a monitoring plan is to be developed by the notifier, it may be evaluated by the competent
national athority and may be subject to modification before a decision for release is granted.
Importantly, the proposed activities for cesgeecific monitoring should be relevant to the
identified uncertainties regarding the level of risk posed by the LMO undsidepatior?
Information relevant for developing the monitoring plan may be available from the risk
assessment and, if applicable, from previous monitoring activities, including those from other
countries. For example, the choice of protection goals asessment endpoints (which may
include the selection of indicators and parameters) may often be derived from the context and
scoping phase of the r Establishmg dessmomantex({SaadRasa
scientific and technical details ofetspecific LMO, including detection methods, would in many
cases be available from the information required for conducting the risk assessment as outlined in

Annex lIl of the Protocof?
When developing (or evaluating) a monitoring plan, the following neagdmsidered:
1. Choice of indicators and parameters for r

2. Monitoring methods, baselines including reference points, and duration of

monitoring (“how to monitor?”),;
3. Monitoring sites and regions (“where to
4. Reportinppf moni toring results (“how to commu

The sections below address these issues in terms of rationales and elements for consideration.

20See Roadmap “Overarching issues in the risk assessment proc
21See Roadmap “Overarching issues in the risk assessment proc
22 See paragrapB of Annex Il to the Protocolhttp://bch.cbd.int/protocol/text/article.shtml?a=ef8).
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641. Choice of indicators and parameters for mo
Rationale:

Monitoring for potentialadverse effects of an LMO involves the observation of changes to
indicators(e.g., species, populations, soil, environmental processes, etc.) padoreterdi.e.,
a component to be measured in the observation of an indicator, such as species abusddnce

organic matter).

Results obtained from monitoring may assist in evaluating the estimates of environmental
exposure which were made during the risk assessment (see step 2 in the RoHdenefoye,
monitoring the exposure of the environment to @Mmay be a highly relevant element of an

overall monitoring approach.

The selection of indicators and parameters to be monitored will vary from case to case,
depending on the LMO, characteristics of the likely potential receiving environment, spskific ri
scenarios established during the risk assessment, (see the Roadmap), and on the protection goals

and biosafety legislation or policies of each country
Elements for consideration:

(a) The potential of the indicators and parameters to signal changes telatheerse effects

as early as possible and/or before the consequences are realized,;

(b) Characteristics of the indicators and their level of exposure to the LMO, as well as

parameters for the distribution and abundance of those indicators that are organisms;

(c) Quantitative and qualitative variability of the indicators and parameters to be observed
and how this variability could affect the ability of these indicators and parameters to

signal changes that may lead to potential adverse effects;

(d) The usefulness of ¢hcandidate indicators and parameters to establish relevant baselines,

including reference points;

(e) The importance of the candidate indicators and parameters to relevant key ecological

processes and functions or to the identified protection goals;
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() Whether ampling and analysis would be easy or difficult and how these would affect the

choice of indicators and parameter.

6.4.2. Monitoring methods, baselines including reference points, and duration of

monitoring (Ahow to monitor?0)
i.  Selecting monitoring method
Rationale:

Monitoring methods are largely dependent on the indicators and parameters chosen in the
preceding step, as well as the ability of these indicators and parameters to address uncertainty
regarding the level of risk and to signal changes thatdctead to an adverse effect. The
selection of monitoring methods should also take into account the level of sensitivity and/or

specificity needed to detect changes in the indicators and parameters.

The description of the monitoring methodology includes teans for sampling and observing
indicators and parameters, and for the analysis of the resulting data. Appropriate methods for
collecting monitoring data may include observations, descriptive studies and questionnaires
addressed to those who are expose or are handling to the LMO. For ecological issues, or
effects occurring outside of the receiving environment, additional knowledge and tools may be

required to gather relevant data.

In some cases, the harmonization of methods, data formats, andcahalyproaches facilitates
the comparison of results from monitoring in different environments. When the use of existing
surveillance programs is to be considered, the monitoring plan should guide the choice and use of

these programs.

Elements for consatation:

(a) Relevance of the monitoring methodology to generate the necessary information to

address uncertainty related to the level of risk;

(b) The nature of the effect to be monitored (e.g., whether-sbotongterm, delayed or

indirect, cumulative, etc.)

(c) Relevance, suitability and adaptability of existing surveillance programs, as well as the

accessibility to those data, in the context of broader environmental monitoring;
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(d) The specification of the range or magnitude of changes in a parameter or intlicator

signal changes that could lead to an adverse effect;
(e) The scientific quality of the sampling, analytical and statistical methods to be employed:;

() The availability of relevant standardized methods, and whether and how these could be

taken into account;
() Whether methods are adequate to meet the objectives of the proposed monitoring plan;

(h) The availability and use of descriptive studies or questionnaires, taking into account their

replicability and verifiability;
(i) Findings from ongoing and/or other monitorirgiiaities, if relevant;

() Relevant local, regional and international monitoring practices.
ii.  Establishing baselines, including reference points
Rationale:

The establishment of relevant baselines, including reference points is necessary for observing and
analysng changes during monitoring. A baseline is a measurement or description of the existing
conditions of the likely potential receiving environment, and/or comparable reference
environment, including the relevant indicators and parameters. Therefore, tthedategy by

which the baseline is derived should be described in the monitoring plan in order to verify that it
will provide useful information in relation to the environment where the LMO may be released.
Natural and human induced variation that may odoubaseline data should be taken into

account when analysing monitoring data.

Elements for consideration:

(@) The scientific quality of methods used for generating baseline data including reference

points;

(b) The appropriate spatial scale of the baseline diwtureference points to be established;

23 See also considerationsn “ Qual ity and relevanepee of information” in the
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(c) Effects of temporal and spatial variation (i.e., human induced or natural variation in the

physical environment);

(d) The scale of the likely potential spread of the LMO.
lii.  Establishing the duration and frequency of monibring
Rationale:

The duration of the monitoring, including the frequency at which observations or measurements
need to be made, is determined on a-tgsease basis and will depend on the type of changes
that may lead to adverse effects that are to beitoved (e.g., immediate or delayed, shant
long-term), the type of LMO (e.g., short or long life cycfésransgenic traits introduced), and

the duration of the proposed environmental release. Where general monitoring is used, the type
of changes to bmonitored may be broader to account for unanticipated effects. The duration or
frequency of monitoring may be adjusted, if appropriate, on the basis of the resultgahgn

monitoring activities.

Elements for consideration:
(a) How long it would take forltanges in a parameter to likely become apparent;

(b) Characteristics of the indicators to be measured or described (e.g., persistenygelelife

and generation time of species when used as indicators);
(c) Life-cycle and generation time of the LMO as it is baisgd in the environment;

(d) Whether variability in the monitored parameters over time could affect the results and

conclusions of monitoring;
(e) Potential for environmental changes, both biotic and abiotic.

6.43.Choice of monitoring )sites (fAwhere to moni

Rationale:

Monitoring sites are selected on a cagecase basis depending on the geographical location of

the release in the likely potential receiving environment, the parameters and indicators that will

24 See articlel6.4 of the Protocohttp://bch.cbd.int/protocol/text/article.shtml?a=epf).
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be used in the monitoring, as well as the ineehdse of the LMO, and taking into account the

associated management practices.

The choice of monitoring site may include areas beyond the intended receiving environment

where the LMO may be introduced.

Relevant information regarding the sites to be rwmwed includes, for example, specific

locations, their size and relevant environmental characteristics. In this context location registries

(e.g., national and regional databases) may be a useful information tool fermdwiibring and

the selection of relvant monitoring sites or regions.

Elements for consideration:

(@)

(b)

(€)

(d)

(e)

(f)

()

(h)

(i)

Dissemination and establishment of the LMO in the likely potential receiving

environment;

The type of LMO as well as indicators and parameters to be monitored and, in case of

indicators that & species, their biological or ecological characteristics and life cycles;

Appraisal of suitable, relevant reference sites where the LMO is not present for

comparison over the duration of the monitoring, if applicable;
Pathways through which the envirormhés likely to be exposed to the LMO(s);

The distribution patterns, including seasonal distribution (e.g., migration), of the selected
indicators that are species, in the likely potential receiving environment for consistent

detection and observation;

Appraisal of protected areas and centres of origin and genetic diversity or ecologically

sensitive regions, particularly in the context of monitoring the presence of LMOs;

The appropriate number of monitoring sites and the statistical power of the camglusio

that can be drawn,;
The continued availability of the monitoring sites throughout the duration of monitoring;

Current management practices and possible changes to those practices over the duration

of monitoring.
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() Sites that were previously used for fidlihls or experimental releases.

6.44. Reporting of monitoring results (fAihow to
Rationale:

Reporting of monitoring results serves four main objectives: i) to inform competent authorities of
any changes that can be related to adverse efi@cte allow verification of the quality and
relevancy of data derived from monitoring to ensure the activities have been carried out in a
manner that meets the intended objectives set out in the monitoring plan; iii) to indicate, if
appropriate, the néefor changes to the monitoring plan and/or other risk management strategies
(or for follow-up studies or risk assessments); and iv) to recommend, if appropriate; the re

evaluation of a decision and the necessity of any emergency measures.

The report of ronitoring activities may be communicated in different forms, for example,
depending on the target audience. From the report, the regulatory authority should be able to

interpret the results and decide whether or not a specific action is required.

Elemens for consideration:

(a) Reporting requirements set out by the competent authority(ies) or in national biosafety

regulations, if available;

(b) The completeness of the report, including transparency in presentation of methods, data

and analytical tools used to @r&onclusions;
(c) Accessibility to raw data accrued during the monitoring activities, taking into account
information that may be confidential.
REFERENCES

See r ef er en Mesoring ef LMOs Relehsed irdo tHe Environmnient

http://bch.cbd.int/onlineconferences/ra guidance references.shtml

25 See article2l of the Protocolhttp://bch.cbd.int/protocol/text/article.shtml?a=epD.
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USE OF TERMS

This section provides a working glossary of key terms used in this document. An attempt was
made to adapt definitiorthat are used in internationally accepted risk assessment guidance to

the context oenvironmental risk assessment conducted under the Cartagena Protocol

Antagonism1 An interaction of elements that when combined produce a total effect that is less
than he sum of the effect of the individual elemefg§o e ¥

Assessment endpoint An explicit expression of the environmental value that is to be protected,
operationally defined as an entity (such as salmon oryhees, soil quality) and its attributes
(such as their abundance, distribution or mortality). (Adapted from IPCS, 2001, Integrated Risk

Assessmentttp://www.who.int/ipcs/publications/me issues/ira/epf2ackothe et

Baseline— A description or a measurement of existing conditions of an environment, or its
attributes or components without the LMO under consideration and taking intanactfberent
practices in use (e.g., agricultural practices). The baseline description or measurement may
provide quantitative (e.g., number of organisms, variability of abundance) and/or qualitative
information about the receiving environment as a refaedor estimating effects of the LMO or

its use including, if applicable, information on the assessment end the tejt

Behavioural sterility — A type of reproductive sterility that is caused by changes lraeur
rather than to physiological changg&*othetelt

Caseby-case— A commonly accepted approach where each LMO is considered relative to the
environment in which the release is to occur and to ttended use of the LMO. (Adapted
IUCN, 2003, An Explanatory Guide to the Cartagena Protocol on Biosafety,
http://bch.cbd.int/database/recard.shtml?documentid=414y§acktothe teit

Combinatorial effectsi Effects that arise from the interactions between two or more genes in

one organism. The effects may occur at the level of gene expression, or through interactions
between RNA, or among gene guxts. The effects may also be referred to as antagonistic,
additive or synergistic efdistinctoy!”¢ e also “ Cu

Comparator T Non-modified recipients or parentatganisms of the LMO. A comparator is used

as an element to establish the basis for a comparative assessment in accordance with Annex .
[back to the te}t
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Consequence(of the adverse effect) The outcome, extent andveeity of an adverse effect

associated with exposure to an LMO, its handling and use, or its products (in the context of
Annex |ll paragraph 5jPacktothe teit

Conventional breeding— Not involving the use of moderndiechnology as defined in Article 3
of the Cartagena Protocol on Biosafegy<o he et

Co-transformation i Techniques of modern biotechnology using two or more transformation
vectors to produce an LMdpacktothe teit

Crop wild relative — Crop wild relatives include crop ancestors as well as other species more or
less closely related to crops. They are a critical source of genes for resistance to diseases, pests
and stresse such as drought and extreme temperatures, among otlkeosn:

o the

http://www.bioversityinternational.org/uploads/tx_news/Crop_wild_relatives 121 7%

text]

Crosstalk i Instances in which one or matemponents of a signal transduction pathway affect

a different pathwayPacktothe test

Cumulative effects— Effects due to the presence of multiple LMOs or their products in the

receiving environmertal( sedd ealt 88" &' midiirsati nct i

EC50 (median effective concentration}- A concentration that is statistically or graphically
estimated to cause a specified effect in 50% of a group of testismgamnder specified
experimental conditions. (IPCS, 2001, Integrated Risk Assessment,
www.who.int/ipcs/publications/new_issues/irajgffekothetelt

Ecdogical function — the role of an organism in ecological processes. The relevance of specific
ecological functions in the risk assessment will depend on the protection goals. For example,
organisms may be part of the decomposer network playing an impatarnh nutrient cycling

in soils, or may be important as a pollen source for pollinators and pollen f&&ggpdhe el

Exposure — The route and level of contact between the likely potential receivimgoement
and the LMO or its product@acktothetelt

Exposure assessment Evaluation of the exposure of the environment, including organisms, to
an LMO or products thereofAdapted from WHO, 2004, IPCS Risk AssessmBgriminology,


http://www.who.int/ipcs/publications/new_issues/ira/en/
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http://www.who.int/ipcs/methods/harmonization/areas/ipcsterminologypartsland 35 fo-he
texq]

Gene-drive systemi Method of introducing and spreading a desired gene into populations, e.g.,
mosquito. (Adapted fromHood E, 2008, Selfish DNA versus Vectorne Disease,
Environmental Health Perspectives 116: AB9;
www.ncbi.nlm.nih.gov/pmc/articles/PMC2235231/pdf/ehpGaDB066. pdflPack o et

Gene flow 1 The transfer of genetic material from one organism to another bicaleor

horizontal gene transfer; or the movement of an organism from one environment to &i8ther.
to the text

Gene product—The RNA or protein that results from the expression of a géfeehetelt

Genotypic (characteristics-Re | at i ng t o
an organismpacktothe text

genotype” as all or

Hazard — The potential of an organism to cause harm to human haadifor the environment.

(UNEP, 1995, International Technical Guidelines for Safety in Biotechnology,

www.unep.org/biosafety/Documents/Techquidelined Jgfk o the text

Hazard characterization — The qualitative and/or quantitative evaluation of the nature of the
adverse effects associated with an LMO. (Adapted from CODEX, 2001, Definitions of Risk
Analysis Terms Related to Food Safety,
http://www.fao.org/DOCREP/005/Y2200E/y2200e00 Jtffk o the tekt

Hazard identification — The identification of the type and nature of adverse effects tHaviéan
could cause to an organism, system or (sub)population. (Adapted from WHO, 2004, IPCS Risk
Assessment Terminology,

http://www.who.int/ipcs/methods/harmoniiat/areas/ipcsterminologypartsland2)ptfckto-the

text]

Heterozygous (genomes) Having different alleles at the corresponding chromosomalf88i.
to the tex}

Horizontal gene transfer— The transfer of genetic material from one organism to another

through means other than inheritance from parent to offspring (i.e., veffRe&ff.hetelt


http://www.who.int/ipcs/methods/harmonization/areas/ipcsterminologyparts1and2.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2235231/pdf/ehp0116-a00066.pdf
http://www.unep.org/biosafety/Documents/Techguidelines.pdf
http://www.fao.org/DOCREP/005/Y2200E/y2200e00.htm
http://www.who.int/ipcs/methods/harmonization/areas/ipcsterminologyparts1and2.pdf

UNEP/CBD/BSRARM/AHTEG/20164/6
Pagell6

Introgression i Movement ofa gene or genetic element from one species into the gene pool of

another species or population, which may result in a stable incorporation or some fertile
offspring. [back to the tej}t

Isogenic line, (Neaf) — Isogeniclines: two or more lines differing from each other genetically at

one locus only; neasogenic lines are two or more lines differing from each other genetically at
several |OC[baCk to the teft

LD50 (median lethal dose)- A statistically or graphically estimated dose that is expected to be
the text

lethal to 50% of a group of organisms under specified condiffgfigehetes

Likelihood (of the adverse effect)— Probability of the adverse effect ocdng, taking into

account the level and kind of exposure of the likely potential receiving environment to the LMO.
[back to the tej}t

Multi -trophic (effects)i Involving more than two trophic levels in a food wegktothe et

Non-target organismsi All living organisms that are not meant to be affected by newly
expressed compounds in LMOs, and that can be potentially exposed, directly or indirectly, to the
LMO and/or its produst in the ecosystem where LMOs will be released or in adjacent habitats
(adapted fromAr pai a S. , 2010, Genet i ctadrlgyet rho da rf g aendi
analysing the functioning of the agesosystem. Collect. Biosafety Rev. 5: -8@,
http://lwww.resarchgate.net/publication/228421663_Genetically_Modified_Plants_and_Non
Target_Organisms_Analysing_the_Functioning_of the Aspasystem)Racktothe text

No-observedeffect level (NOEL)— Greatest concentratioor amount of a substance, found by
experiment or observation, that causes no alterations of morphology, functional capacity, growth,
development, or life span of target organisms distinguishable from those observed in normal
(control) organisms of the s® species and strain under the same defined conditions of
exposure. (IUPAC, 2007, Glossary of Terms Used in Toxicology, 2nd edition, Pure Appl. Chem.
79: 11531344 http://sis.nlm.ih.gov/enviro/iupacglossary/frontmatter. hyrfppcktothe text

AOmi cso t e-cAaooledtian gi-eisually highthroughput- techniques to study an
organism or group of organisms at the level of the genome, gene ipgg)sproteins or
met abolites, which depending on the | evel ar e
and “ me®*LBE omics”, respectively

proteomics


http://sis.nlm.nih.gov/enviro/iupacglossary/frontmatter.html
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Outcrossing — The transmission ofjenetic elements from one group of individuals (e.g.,
population, crop variety) to another. In plants, outcrossing most commonly results from cross

pollination. (Adapted from GMO Compassww.gmocompass.org/ See al so “ Ver't

tran @a*kt%tqgt@}t)

Phenotypic (characteristics)— Rel at i ng t o phenotype” as t h

biochemical characteristics of an organism, as déteanby both genetic and environmental
factors [Rackto the text

Pleiotropic effects— Effects of a single gene on multiple phenotypic tréftgtethe et

Potential receiMng environment — The range of environments (ecosystem or habitat, including
other organisms) which are likely to come in contact with a released organism due to the
conditions of the release or the specific ecological behaviour of the organism. (Adapted f
UNEP, 1995, International Technical Guidelines for Safety in Biotechnology,

www.unep.org/biosafety/Documents/Techquidelined Jgfk o the text

Protection goal -Defined and valued environmental outcomes that guide the formulation of

strategies for the management of activities that may affect the enviroM#éeex

Re-transformation i Use of modern biotechnology, as defined in the Protocol, to produce an
LMO where the recipient organism is already an LNféskothetext

Risk — The combination of the magnitude of the consequenca$atard and the likelihood that
the consequences will occur. (Adapted from UNEP, 1995, International Technical Guidelines for

Safety in Biotechnologywww.unep.org/biosafety/Documentschquidelines. plf2ackto-the eyt

Risk assessment The process of estimating risks that may be associated with an LMO on the
basis of what adverse effects may be caused, how likely the adverse effects are to ocaair, and th
consequences should they occur. (Adapted from UNEP, 1995, International Technical Guidelines

for Safety in Biotechnology,www.unep.org/biosafety/Documents/Techquidelines.pRisk

assessment is often considered as part of a bi

include considerations such as risk management and risk communi@agigHhe el

Risk characterization i The qualitative and/or quantitative estimation, including attendant

uncertainties, of the overall risk. (Adapted from CODEX, 2001, Definitions of Risk Analysis


http://www.gmo-compass.org/eng/glossary/83.out_crossing.html
http://www.unep.org/biosafety/Documents/Techguidelines.pdf
http://www.unep.org/biosafety/Documents/Techguidelines.pdf
http://www.unep.org/biosafety/Documents/Techguidelines.pdf
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Terms Related to Food Safehgtp://www.fao.org/DOCREP/005/Y2200E/y2200e00. hitf§7ek-©
the text

Risk management— The measures to ensure that risks identified in the risk assessment are
reduced, controlled, or eliminated. (Adapted from UNEP, 19Bfiernational Technical

Guidelines for Safety in Biotechnologyww.unep.org/biosafety/Documents/Techqguidelineg.pdf
[back to the te}t

Risk threshold — The level of tolerance to a certain risk or the level of change in a particular
to the te

variable beyond which a risk is considered unaccept@fgiotheteit

Stability (of the transgene)i Permanence of theainsgene in a defined genomic context and

without changes to its structure or phenotypic expresSfgHenetelt

Synergismi An interaction of elements that when combined produce a total effect that is greater
than thesum of the effect of the individual element&tohetelt

Transformation cassettei A transformation cassette comprises a group of DNA sequences (e.g.,

parts of a vector and one or more of the following: a promthtercoding sequence of a gene, a
terminator, other regulatory sequences), which are physically linked and often originated from
different donor organisms. The transformation cassette is integrated into the genome of a
recipient organism through methods afodern biotechnology to produce an LMO. A
transformation <cassette may al so be called
expression pattern is ai med 2&¢efee « pNA cassett

Transformation event — An LMO with a specific modification that is the result of the use of

modern biotechnology according to Article 3(d) of the ProtocolPacktothetext

Transgene— A nucleic acid sequence in an LMO that results from the application of modern

biotechnology as described in Articl€iB(a) of the Protocofackto the eyt

Trans-regulation T Transcriptional regulation of gene expression bylagry elements that
were themselves transcribed in a different region of the genome. For example, a transcriptional

factor transcribed in one chromosome may regulate the expression of a gene located in another
chromosome[b“k to the teft

Unintended effects— Effects that appear in addition to, or in some cases instead of, the intended

effects. Some unintended effects may be foreseen while others are unanti ex


http://www.fao.org/DOCREP/005/Y2200E/y2200e00.htm
http://www.unep.org/biosafety/Documents/Techguidelines.pdf
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Unintended gene product- Gene products (e.g., RNA, proteins), which are different from those
originally intended!backtothe tejt

Unmanaged and managed ecosystenisA n unmanaged eoosyseyshatasm” i s

free from significant human intervention. As

the tej}t

ecosystem affected by varying degrees of human actiVRgegehetet

Vector i In the context of genetic modification, a vector is an organism (e.g., virus) or a DNA
molecule (e.g., plasmid, nucleic acid cassettes) used to assist the transfer of genetic material from
a donor organism to a recipient organism. (Adapted from UNEP, 19@5nadtional Technical

Guidelines for Safety in Biotechnologyww.unep.org/biosafety/Documents/Techguidelineg.pdf

In the context of epidemiology, a vector is an organism, often aropad (e.g., mosquito), that

transmits a pathogen (e.g., plasmodium) to a host (e.g., hu the tejt

Vertical gene transfer — Transfer of genetic material from one organism to its offspring via

asexual, parasexualr sexual reproduction. A|RgengeEs oy ed


http://www.unep.org/biosafety/Documents/Techguidelines.pdf
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Annexill
OUTLINE OF GUIDANCE ON A RI SK ASSEGF.BEME MODIFIEDF | SHO
INTRODUCTION

Living modified (LM) fish are produced for a variety of purposes, including gremthancement,
infection resistance or cold toleranchuman food production in aquaculture, biological control of
nuisance species, recreational fishing, monitoring water quality to detect conteanasabieactories to

produce commercially valuable compounds such as human pharmaceuticals, cancer models (oncofish),
xenotransplantation, identification of potential new drugs and ornamental aquarium market. Several
species have been genetically malf such as Atlantic salmon, channel catfish, goldfish, tilapia,
zebrafish, carp and medaka.

There are several issues that are unique or particularly relevant to fish and warrant further consideration
during the risk assessment of LM fish. These issudsdle:

(a) Fish live in aquatic environments and some are highly mobile;

(b) Potential to escape from containment facilities and spread to natural environments and across
national borders;

(© Potential interspecific and integeneric hybridization;
(d) Presence of vemo toxins;

(e) Some species may be protected by national law, for example several countries protect species of
wild salmon;

() Phenotypic plasticity;
(9) High number of species/varieties (around 30.000) and high intraspecific genetic variability.

As for the risk asssment of other LMOs, the cabg case approach must also be applied to the

risk assessment of LM fish. It is suggested that any guidance to be developed on risk assessment
of LM fish would be applicable to all types of LM fish and not focused on paaticnbdification
methods, receiving environments, intended uses or species. Therefore, the risk assessment criteria
and requirements will not be equally relevant in all cases.

Gaps ininformationthatis of possible relevance for the risk assessment of isMificlude

(a) Lack of empirical evidence of LM fish behaupinvasiveness, fithess (survival and
reproduction) and genetic stability in the wild

(b) Lack of data on GenotypeEnvironment (GXE) interactions
(© Limited understanding of the whole genome of fisbcips
(d) Pleiotropic effects

(e) Potential impacts under climate change scenarios

() Migratory and mating behawio of LM fish

(9) Change in habitat range of LM fish
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OBJECTIVE AND SCOPE

This outline was prepared to facilitate consideraipl OR-MOP concerning the el for
developing guidance on risk assessment of LM fish to complement the Roadmap for Risk
Assessment of Living Modified Organisnidhe outline focuses on aspects that are unique or
particularly relevant to LM fishincluding freshwater, marine, catadramscand anadromous fish,
as well as aquarium species

PLANNING PHASE OF TH E RISK ASSESSMENT

Protection goals, assessment endpoints, as well as theories or models on predicting the environmental
fate of transgenes or the transgenic fish, such as spready ési s hment , “purging”, anc
may be included in this section.

In addition to the considerations raised in the Roadmap, this section could also include considerations of
the likely potential receiving environments, including unintentional bremsdary movements to other
countries.

The choice of comparators could also be discussed in the context of:

(a) Parental line, wild relatives and other relevant species

(b) Experience and history of fish in cultivation, taking into account its ecological function

(© Centers of origin and centers of genetic diversity

(d) Current distribution areas and habitats where the-maodified fish and its sexually compatible
relatives may persist or proliferate

CONDUCTING THE RISK ASSESSMENT

This section should provide information ssues of particular relevance for conducting risk assessment
of LM fish, with reference to the steps in the Roadmap, as appropriate, such as:

(a) Testing the living modified fish in representative environments (see Roadmap step 1)

Regional variation and ddrences in the environment may influence the characteristics and the
behaviar of LM fish. Experimental trials should be performed in as representative conditions as
possible.

(b) The likely potential receiving environment(s) (see Roadmap step 1, stesteprg)

The identification and characterization of potential receiving environments may be dependent on
several factors including whether natural or artificial barriers are present that could limit the
dispersal.

(c) Vertical and horizontal gene transfer retpotential receiving environment (see Roadmap step 1,
step 2 and 3)

Ecological, evolutionary, and stochastic factors that could affect the transgenes, survival of
DNA/RNA from LM fish in water and spread of transgenes are relevant issues.

(d) Persistence andvasiveness (see Roadmap step 1, step 2 and step 4)

Of relevance could be to identify if metabolism and/or other biological parameters remain
unchanged for LM fish. If they are different, identify how growth, fish health/welfare are
affected.
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T he ness$ traifi dat@ on real transgenic individuals and theirnmodified counterparts.
Rel evant fitness components (fecundity, fertild@i
success, and longevity) should be considered.

(e) Dispersal mechanisms (sBeadmap step 1 and step 2)
LM fish have a variety of ways to reproduce and disperse.
() Target/nortarget organisms (see Roadmap step 2, 3 and 4)

Harm to species of special concern, such as endangered species or economically or culturally
important species.

(9) Fish pathogens, infections and diseases (see Roadmap step 3)

Identify if LM fish that are resistant to fish pathogens, infections and diseases can be carriers of
the same diseases and hence by escape spread the same diseases.

(h) Unintentional transboundary mements (article 17)

Fish have a broad geographical distribution, although that will vary depending on the species.
Confinement will be dependent on the species and the strategy used to develop LM fish.

® Risk management strategies including containmeatesiies (see Roadmap steps 2 and 5)

In this section relevant strategies to reduce the identified risks could be included. A short
overview of different containments strategies and their efficacy of relevance for risk assessment
of LM fish could also be icluded. For example: physical containment, physicochemical
containment and reproductive containment, such as methods to induce sterility. Potential
consequences arising from escape and/or incidental exposure of humans and other animals to LM
fish under cotainment conditions could be explored, for example, LM fish intended for
biopharming.

BIBLIOGRAPHIC REFERE NCES

References to relevant guidance and scientific papers on risk assessment of LM fish.
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AnnexiV

OUTLINE OF GUIDANCE ON A RI SK AS SEGF.MNENWODIFIED ORGANISMS
DEVELOPED THROUGHSYNTHETI C Bl OLOGYDO

BACKGROUND

The CORPMORP, in its decision B¥II/12, recommended to the COP a coordinated approach among the
two Governing Bodies on the issue of synthetic biology taking into account that the gswisithe
Cartagena Protocol may also apply to living organisms resulting from synthetic biology.

The CORP, in its decision XIll/24, noted the recommendation of the-l@OP, and wjed Parties and
invited other Government® ttake a precautionary approachgao establish, or have in placeffective

risk assessment and management procedures and/or regsiaimydo regulate environmental release

of any organisms, components or products resulting from synthetic biology techniques, consistent with
Article 3 of the Convention. The COP also, among other things, established an AHTEG on Synthetic
Biology with terms of reference annexed to that decision.

The AHTEG on Synthetic Biology met in September 2015 and, among its conclusions, recommended to
t he C @rge Parties to address synthetic biology in a coordinated manner within the context of the
objectives of the Convention and its Protocols, particularly by tapping into existing processes, such as the
AHTEG on Risk Assessment and Ri sk Management " .

At its meeting held in November 2015, in response to paragraph 2 of its terms of reference to take into
account the previously prioritized topics for the development of further guidance, which included RA of
LMOs developed through synthetic biology, the AHTEG askRRAssessment and Risk Management took

into account the recommendations to work in a coordinated manner with other processes under the CBD,
and decided to recommend to the CRPP the development of additional guidance on the topic.
Furthermore, pendinghé outcomes of the twentieth meeting of SBSTTA that could impact the
development of further guidance on the topic, the AHTEG also decided to prepare an outline on the topic
for the COPMORP in order to facilitate its consideration on further developmettieotopic as separate
guidance.

At its twentieth meeting held in April 2016, the SBSTTA, in its recommendation XX/8, noted that (i) the
general principles and methodology for risk assessment under the Cartagena Protocol and existing
biosafety frameworks pwide a good basis for risk assessment regarding living organisms developed
through current and near future applications of synthetic biology, but such methodologies may need to be
updated and adapted for current and future developments and applicatsymshetic biology, and (ii)
coordination is needed among current and future processes under the Convention and its Protocols,
including with the AHTEG on Risk Assessment and Risk Management.

Following the outcomes of the SBSTTA meeting and to providetitgpthe AHTEG on Risk Assessment

and Risk Management, the Online Forum on Risk Assessment and Risk Management disssisied p
considerations during the environmental risk assessment of LMOs developed through synthetié¢®biology
During the online discigsons, views diverged as to whether or not guidance on risk assessment of LMOs
developed through synthetic biology was presently needed.

INTRODUCTION

At its meeting held in July 2016, taking into account the recommendations for a coordinated approach
with other processes under the CBD and with a view to moving towards objective 1.3 of the Strategic

Pl an for the Cartagena Protocol to “put in plac
Protocol fully operational” & iort sk asgessnent tawdorisie of
management including guidance on new devel opment s

26 The discussion is available kttp://bch.cbd.int/onlineconferences/onlineconfersifoeum_ra/discussion.shtml
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Assessment and Risk Management developed an outline containing specific considerations regarding the
risk assessment of LMOs devesmpthrough current and nefature applications of synthetic biology.

It is noted that some members of the AHTEG were of the view that guidance should be developed as
soon as possible to update and adapt risk assessment methodologies to LMOs develogkd thro
synthetic biology. Some other members of the AHTEG were of the view that it is premature to develop
guidance on LMOs developed through synthetic biology. The latter AHTEG members were of the view
that current methodologies of risk assessment are aetpuaddress risks of LMOs developed through
synthetic biology, and that monitoring of the advances in synthetic biology would be a more appropriate
way forward.

This outline and specific considerations for the development of guidance, as containatkixt gextion
of this document, aim at assisting the CRIPP at its eighth meeting in deliberations under agenda
item11.

SPECIFIC CONSIDERATIONS

Synthetic biology has both aspects of continuity and novelty in relation to modern biotechnology. It may
lead to the development of LMOs containing new significantly different features from those in the
original organism or from organisms existing in nature.

@) The choice of comparators

The comparative approach may not be suitable or sufficient for the rislksmssgenf LMOs developed
through synthetic biology in cases where the depth or kind of intervention result in LMOs whose
genomes differ substantially from those in existing organisms, such as LMOs with novel genes from
multiple sources. The lack of suitalidemparators or the need to use multiple comparators may require
special consideration by risk assessors.

Particular attention needs also to be giveddanovogenes andle novometabolic pathways, or where
new traits may be introduced into the environtneither intentionally or unintentionally.

(b) LMOs being developed faster and with an increased number of modified traits

Synthetic biology aims at increasing the precision and the predictability of the changes in the resulting
organisms, and may alsoakb to a faster development of LMOs through the use of automation and to
more numerous and complex changes and novel traits. The evaluation of the overall risk of such LMOs
may become more complex.

With the increased rate and complexity of these new dewveots, current risk assessment
methodologies may not be adequate and may need to be adapted.

(© Potential to alter wild populations, species and ecosystems

Synthetic biology techniques may make efficient
modify traits that are intended to be passed on to entire wild populations, instead of only to some
members of the populatioGene drive systems may be able to address serious threats to health and
ecosystems by, for example, eliminating diseases andtatiad invasive alien species, but gene drives

may also cause irreversible adverse effects on beneficial organisms and ecosystems by, for example,
causing “gene erosion’”.

Tools that support synthetic biology, such as high throughput DNA sequencing apdtatbomal
analyses, may make it easier to develop LMOs containing gene drive systems. Risk assessment
methodologies may need to be adaptedrder tofully assess thpotential adverse effects gene drive
systems

(d) LM microorganisms resulting from synthetic biology

Some applications of synthetic biology aim at developing microorganisms for intentional release into the
environment. Current risk assessment methodologies may not be adequate to assess environmental risks



UNEP/CBD/BSRARM/AHTEG/20164/6
Pagel25

of complex LM microorganism dewgbed through synthetic biology and therefore may need to be
adapted.

(e) Increased accessibility to techniques of synthetic biology

In some countries, synthetic biology approaches are becoming more accessible and easy to use by the
gener al putilityout Bebtigyhciti zen scientist projects
have regulations to limit their use or the means to ensure compliance to existing regulations.

The increased number of LMOs developed outside of formally establishedtiatyofacilities may
change thavay in which public awareness and risk management methodologies are used to avoid or
minimize the potential adverse effects of such LMOs.

LMOs developed by citizen scientists may escape containment and be introduceéd eneitbnment.
Therefore, considerations of the risks of such LMOs may guide future policy makers in adopting
measures to ensure the safe handling and use of such LMOs.

) Detection of LMOs developed through synthetic biology using genome editing

Synthetc biology may use genome editing to modify organisms. Methods to detect and identify LMOs,
and their specificity, sensitivity and reliability are a point to consider in Annex lll of the Protocol.
Genome editing may create multiple simultaneous changessattr® genome. The resulting LMOs may
not be easily characterized or detected through methods that are currently in use for this purpose.

It may be difficult to assess the rate of outcrossing of LMOs containing smadirgéit changes at the
DNA level duing premarket risk assessments and to detect such LMOs duringmaolset risk
management and monitoring.
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AnnexV
RECOMMENDATIONS
1. Having concluded its work as mandated in its terms of reference in decisidfil/BS the

AHTEG makes the following reconendations to the Executive Secretary;

(a) Finalize the editorial revisions to the Guidance and updates to the background
documents, and present the revised and improved Guidance Gotiference of the Parties serving as
the meeting of the Parties to the @aena Protocol on Biosafety an appropriate usériendly format;

(b) Describe the process of revising and improving the Guidance during the past
intersessional period in a transparent manner for consideration Kpttierence of the Parties serving
as tle meeting of the Parties to the Cartagena Protocol on Biosdfésyeighth meeting;

(© Organize a sidevent during the eighth meeting of tGenference of the Parties serving
as the meeting of the Parties to the Cartagena Protocol on Biosafegsenthe Guidance in its revised
and improved version.

2. Furthermore, the AHTEG makes the following recommendations tGahéerence of the Parties
serving as the meeting of the Parties to the Cartagena Protocol on Biasafesighth meeting:

Regardingthdi Gui dance on Risk Assessment of Living Modi
Context of Ri sk Assessmento

(a) Endorsing the Guidance and inviting Parties, other Governments and relevant
organizations to use the Guidance for conducting actual risk assesaneotpacity building activities;

(b) Inviting Parties to share their experience in using the Guidance through their national
reports with a view to monitoring and ensuring applicability of the Guidance in relation to scientific
progress;

(© Requesting the Exetiue Secretary:

(1) To make available through the BCH a description of the process of revising and
improving the Guidance and its outcomes, and to facilitate the sharing of experience in
using the Guidance among its users;

(ii) To conduct capacity building actiws in risk assessment of LMOs using the Guidance
subject to the availability of funds.

(d) Requesting the GEF to provide funding for a global capacity building project on risk
assessment and risk management with an emphasis on the use of the Guidance.

Regardimg the development of further guidance on specific topics of risk assessment

(e) Establishing a process for the development of guidance on the following topics on the
basis of the outlines developed by the AHTEG:

0] “Ri sk assessment of |iving modified fish?”;

(ii) “RiMssksessment of LMOs developed through syn
processes under the CBD.

() Extending the Opeended Online Expert Forum and the AHTEG to develop guidance on
the topics listed under paragraph (e) above, and to take into a@wtditibnal topics, including those
identified by Parties in their submissions and by the AHTEG.



