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PREFACE

In accordance with the precautionary approaitte objective of th@artagen@rotocolon Biosafety

the safe transfer, handling and use of living medif organisms resulting from modern
biotechnology that may have adverse effects orctmservation and sustainable use of biological
diversity, taking also into account risks to huntaalth, specifically focusing on transboundary
movements® For this purpose, Parties shall ensure tishktassessmente carried out to assist in

the process of making informed decisions regartiungg modified organisms (LMOSs).

In accordance with Article 15 of the Protocol, reskssessments shall be carried out in a scientyfical
sound manner and be based, at a minimum, on infammprovided in accordance with Article 8
and other available scientific evidence in ordeidentify and evaluate the possible adverse effects
of LMOs on the conservation and sustainable usbkiabgical diversity, taking also into account

risks to human health.
Four general principles of risk assessment areifsgeea Annex 111 of the Protocol:

« “Risk assessment should be carried out in a séiealty sound and transparent manner, and
can take into account expert advice of, and guidslideveloped by, relevant international

organizations”.

« “Lack of scientific knowledge or scientific consers should not necessarily be interpreted

as indicating a particular level of risk, an abseotrisk, or an acceptable risk”.

« “Risks associated with living modified organismspooducts thereof should be considered in
the context of the risks posed by the non-modifiedpients or parental organisms in the

likely potential receiving environment”.

¢ “Risk assessment should be carried out on a casadw®y basis. The required information
may vary in nature and level of detail from casedee, depending on the LMO concerned,

its intended use and the likely potential receivémgironment”.

1 “In order to protect the environment, the pretmmary approach shall be widely applied by Statealing to their capabilities.

Where there are threats of serious or irreversibl|mage, lack of full scientific certainty shall i used as a reason for postponing
cost-effective measures to prevent environmentaradition” (Principle 15 of the Rio Declaration dmnvironment and
Development) at:

(http://www.unep.org/Documents.Multilingual/Defaakp?DocumentID=78&ArticlelD=1163 and in line with Articles 10.6
(http://bch.cbd.int/protocol/text/article.shtml?abepd) and 11.8 [fttp://bch.cbd.int/protocol/text/article.shtml?abepl) of the
Protocol.

2 http://bch.chd.int/protocol/text/article.shtml?abepl.

3 Article 15, paragraph hftp:/bch.cbd.int/protocol/text/article.shtml?abeps).
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128 This document was developed by the Ad Hoc TechnkEsbpert Group (AHTEG) on Risk
129 Assessment and Risk Management, with input from @Geen-ended Online Expert Forum, in
130 accordance with terms of reference set out by thh&fe&@ence of the Parties serving as the meeting of
131 the Parties to the Cartagena Protocol on Biosgfe@P-MOP) in its decisions BS-1V/11 and BS-
132 V/12 in response to an identified need for furtigeidance on risk assessment of LMUOs.is

133 intended to be a “living document” that may be updaand improved as appropriate and when
134 mandated by the Parties to the Cartagena ProtocBlasafety.

135 OBJECTIVE AND SCOPE OF THIS GUIDANCE

136 The objective of this Guidance is “to provide aerehce that may assist Parties and other
137 Governments in implementing the provisions of thetétol with regards to risk assessment, in
138 particular its Annex Ill and, as such, this Guidaris not prescriptive and does not impose any
139 | obligations upon the Partie3”.

140 This Guidance addresses LMOs that result from tppliGtion of modern biotechnology as
141 described in Article 3(i)(a) of the Protocol.

142 | This Guidance consists of three paftsut | containing a Roadmap for Risk AssessmemiMOs,, - - { Comment [A3]: CommentRsac |
143 | Part llcontaining guidelines fathe risk assessment of specific types of LM@#aits, andPart Iil_ . { petetea: )

Deleted: for conservation and sustainable

144 | containing guidelines fgmonitoring of LMOSs released into the environmeélrtie topics contamed use of biological diversity in the likely
************************************************** potential receiving (_enwronmem—m—Part I,

145  in Parts Il and IIl were identified and prioritizéxy the Open-ended Online Expert Forum and' the oo Tfor Risk Assessment ot LM

146 AHTEG in accordance with the terms of referenceéegisions BS-1V/11 and BS-V/12, taking thN{Deleted: -In
{Deleted: ,

147 account the need of Parties for additional guidance

on

148

\\
\\

{ Deleted: and
{ Deleted: .
(

Deleted: covers

\

)
)
\\{ Deleted: specific guidance is provided }
)
)
)

4 The Open-ended Online Expert Forum and the AHBE®Iisk Assessment and Risk Management were istatllby the COP-

MOP in decision BS-IV/11. These groups were extdriole the COP-MOP in decision BS-V/12. The termseférence for these
groups may be found in the annexes to decisionf/88- and BS-V/12
(http://bch.cbd.int/protocol/decisions/decision.siraecision|D=11690
http://bch.cbd.int/protocol/decisions/decision.siPaecisionID=1232p

®  Decision BS-V/12.
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PART I
ROADMAP FOR RISK ASSESSMENT OF LIVING MODIFIED ORGA NISMS

BACKGROUND

This “Roadmap” provides guidancen identifying and evaluating the potential adeeeffects of

living modified organisms (LMO&)n the conservation and sustainable use of bichbdiversity in

the likely potential receiving environmefaking into account risks to human health, conststéth | _ - -| Deleted: on assessing environmental ri
T of living modified organisms (LMOS),

ﬂks

the Cartagena Protocol on Biosafety (hereinaftee ®rotocol”) and in particular with its Article 15
and Annex Il (hereinafter “Annex IlI"f.Accordingly, this Roadmap supplements Annex Iltl an
may also supplement national biosafety policies Bgislations. Specifically, the Roadmap is

intended to facilitate and enhance the effective alsAnnex Ill by elaborating on the steps and

relevant background materiahe Roadmap may be useful as a reference for degicand | - | Deleted: The Roadmap may be useful

a reference for risk assessors when

planning risk assessment approaches and identifimageed to develop further guidapce as wel| as | conducting or reviewing risk assessment
******* and as a training tool in capacity-building

reviewing newly developed or adapted guidance. diy mlso be _useful for risk assessors wi en Lactvites.
. z - - . B IDeleted: forto development of further
conducting or reviewing risk assessments and aslddr training,, " [ guidance by risk assessors

—————————————————————— — \

N {Deleted: of help

The Roadmap introduces basic concepts of risk sisssd rather than providing detailed quidarca\{c.,mment [A4]: Comment R2.

for individual case-specific risk assessments.drtigular, the “elements for consideration” lisiad {De'eted= in capacit-building activitie.

}
)
)
)

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

This Roadmap provides information thaj is relevarthe risk assessment of all types of LMOs gnd { Deleted: broadly

Deleted: experience to date with

has been mainly

n-
”””””””””” % environmental risk assessments of LMO

o ‘[Comment [A5]: Comment R180.

The Roadmap may be applied to all types of enviemtal releases of LMOs, including those Of\‘{Comment [A6]: Comment R420

%
J
J
J

and type of information available and needed tgetiprisk assessments of the different types of

intentional release into the environment will véigm case to case.

6

Including products thereof, as described in paugiy5 of Annex Il to the Protocol. |
8 Article 15 pttp://bch.cbd.int/protocol/text/article.shtml?abebs) and Annex Il
(http://bch.cbd.int/protocol/text/article.shtml?abep3d).

¢ Decisions on LMOs may be fouridter alia, in the BCH http://bch.cbd.iftand links to national and intergovernmental wigssi
relevant for this purposdn accordance with BCH records, XX LM crop plan¥X LM trees, XX LM animals and XX LM
microorganisms have been released into the envieahto date.

l...
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INTRODUCTION

According to the Protocol, risk assessment of LMi®sa structured process conducted in a

scientifically sound and transparent manner, and case-by-casasis inthe context of the risks

~

assessments serve jashasisfor decision-making regarding LMOs. This Roadmagsalibes aﬂ//{Comment [A10]: Comment R15

integrated risk assessment process in three stios®de =~~~ - | Deleted: an input
. . . o ‘[Deleted: “
+_Overarching Issues in the Risk Assessment Process (o
+ _Planning Phase of the Risk Assesspent | Deleted: " and "

« Conducting the Risk Assessmjent

- {Comment [A11]: Comment E23¢
o [ Deleted: ".

N o L ) U

The potential effects caused by an LMO may varyedeg on the characteristics of the LMO, on
how the LMO is used, and on the environment exptsdéde LMO. The effects may be intended or

unintended and may be considered beneficial, neutral or mdvelepending on the impact on a

protection goal

What is considered an adverse effect depends dagbian goals and thearssessment endpoiratsd

measurement endpoint3 he choice of protection goals may be informgdhe Party’s national

policies and legislation as well as Annex | to @@vention on Biological Diversity as relevant to
the Party responsible for conducting the risk assest.
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Protection goals, [assessment endpoints and measurement endpoi nﬂs

Protection goals are broadly defined and valuediremmental outcomes (e.g. biodiversity

ecological functions), sometimes called generalguimn goals or generic endpoints.

Examples of protection goals incliide...

‘Assessment endpoints’ and ‘measurement endpaingsimportant concepts and understandin

difference between these two terms is key to unaedsng risk assessment.

‘Assessment _endpoints’ define, in operational terthe environmental values that are to

protected. An assessment endpoint must includentty ée.g. such as salmon, honeybees or

quality) and a specific attribute of that entityglesuch as their abundance, distribution or mioytdl

Assessment endpoints are sometimes called sppoifiection goals or operational protection gog

Assessment endpoints may serve as starting painthéo “problem formulation” step of the rig

assessment.

‘Measurement endpoints’...”

Protection goals and endpoints are aimed at defizind targeting the processes in the f

assessment by helping frame the questions at tfiartieg of the assessment, for example durin

problem formulation phase. The choice of relevaotgrtion goals and assessment endpoints

- {Comment [A12]: Comment R471 ]

pr

_ - ‘{Comment [A13]: Comment R8: add }

examples.
the
be
50il {l Deleted: or |]
o ‘[l Deleted: |]
Is.
K

sk
the

may

change after an objective analysis of the chansties of the LMO or as the risk assessmgnt

progresses and new information emefdes.

- {Comment [A14]: Comment R36. ]

The Roadmap describes the risk assessment pracesseguence of five steps, in which the res

of one step are relevant to the others. This stpsgiructure is drawn from paragraph 8 of Annex|

ofthe Protoco:

i ‘[(‘- t [A15]: Comment R274. ]

_ — -1 Deleted: The Roadmap includes five
steps drawn from Annex Ithat describe a

Llts

I

tiered process in which the results of one
_ - ‘{Comment [A16]: Comments R347 and}

step are relevant to the other steps.
R173

C\ ) ‘[Deleted:

characteristics associated with the living modifiédanism that may have adverse effects

biological diversity in the likely potential recéig environment, taking also into accou

risks to human health;

o ‘[Comment [A17]: Comment R48 ]
on

nt
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» Step 2 Exposure assessment: “An evaluation of itfediHood of adverse effects being

realized, taking into account the level and kincewposure of the likely potential receiving

environment to the living modified organism”;

» Step 3: Hazard characterization: “An evaluationthef consequences should these adverse

effects be realized”;

» Step 4: Risk characterization: “An estimation af thverall risk posed by the living modified

organism based on the evaluation of the likelih@odl consequences of the identified

adverse effects being realized”;

* Step 5: “A recommendation as to whether or notribks are acceptable or manageable,

- {Comment [A18]: Comment R122 ]

Importantly, the steps of a risk assessment mag¥Wisited when new information arises or a Cha[lge‘{Deleted: need to be conducted in an l
a

”””””””””””””””””” iterative manner, where certain steps m

in circumstances has occurred that could changeoitglusions. Similarly, issues included in the
‘Establishing the context and scope’ section bataay be taken into consideration while conducting
the risk assessment and again at the end of tkeasisessment process to determine whether the
objectives and criteria set out at the beginninthefrisk assessment have been addressed.

Ultimately, the concluding recommendations derifredn the risk assessment are taken into account
in the decision-making process for an LMO. In tleeidion-making process, in accordance with the
country’s policies and protection goals, other &l of the Protocol or other relevant issues may

also be taken into account and are listed in thigparagraph of this Roadmap: ‘Related Issues’.

The risk assessment process according to this Ramdsnillustrated irpage XX as |a flowchart,

which may also serve as a checlist -~ { comment [A19]: CommentRa24 |

77777777777777777777777777777777777777777777 ST ‘[Deleted: the annex J
In addition to the approach described in the Roadrather approaches to risk assessment exist and

may be used, as appropriate, e.q. worst case $enad event tree analysis. -~ { comment [A20]: CommentR3s |

» See references relevant to “Introduction”:

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

OVERARCHING ISSUES IN THE RISK ASSESSMENT PROCESS

focuses on provisions related to the quality amelvence of information to be considered in the risk.

‘[Deleted: gives
\{Deleted: issues

o
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299 assessment, as well,as means to identify and Hegod degree afincertaing,that may ariseluring | - - { Comment [A22]: Comment R16
NG ‘[Deleted: the
\\\\{ Deleted: s

301 The need for further relevant information about céfi@ subjects may arise during the rigk {Deleted: ies

300 the risk assessment

302 assessment process in which case additional infmmenay be requested from the LMO notifier pr

303 developer| Consultative meetings between regulatedsthe developers of the LMO may be helpful

304 in the planning phase of the risk assessmaadtallow for discussions regarding the approadtiats

305 may be taken in the assessment. Discussions mayadis place during the assessment to facilitaje a

306 common understanding among the different players,campletion of the assessmient. _ - { comment [A23]: CommentRa71 |

307 |Independent experts with a background in relevaiensific disciplines can serve in an advisofy

308  capacity during the risk assessment process aorpethe risk assessment themselves. _ - { comment [A24]: CommentRss. |

309 Quality and relevance of informatiorLl—d _ - { comment [A25]: CommentR243 |

310 An important question in a risk assessment is wdrettheavailableinformationthat will be usedo |_- ‘[Deleted: presented—i&ef—su#ieientqualil%/
T and relevance

311 characterize the risk posed by the LMQelevant and scientifically sound

312 A number ofpointslare typically considered to ensure the quality exldvance of the information _ - - Comment [A26]: CommentR24: |

313 used as well as the outcome of the risk assessfemexample: { peteted: issues J
314 » Criteria for the quality of scientific information:
315 o [The, nformatiopused in the risk assessment should bacoeptable scientific quality - {Deleted: )
316 land consistent wittbestpractices of scientific evidence-gathering ancbrépg. /An }De'et‘*‘" e %
N~ 7| Comment [A27]: Comment R20
317 independent review of thﬂf‘_g_Si n andne'[hOds pt §[Uﬂle,5§,eg,|[' :[lj@ ,”,Sl,( ,a§§§§5,m§mtv . ‘[ Deleted: should be used in the risk }
- - . '\ | assessment
318 and of the quality of reporting may be conductedrisure appropriate data quéllty. I .
R I \\\\{ Deleted: . Data quality should be J
319 o Appropriate statistical methods should be used iagapropriate, to strengthen th(e:\\{ Deleted: the accepted %
i . . X i i i \\\ | Deleted: and may includ
320 scientific conclusions of a risk assessment andldsxribed in the risk assessment“{ _
\\\\ Deleted: and designs ]
321 report. Risk assessments frequently use data geddram multiple scientific fields; \\{ Deleted: . )
{Comment [A28]: Comment R174. J
322 0 The,eporting ofthe, information, including itsourceand methodsised,should b@JF - Deleted: R )
323 sufficiently detailed and transparent to allow ipeedent verification and { Deleted: data )
324 reproduction. This would include ensuritigat yelevant, information aridg sample | - {lzeletﬁd: the acce(ssibnm'/1 of dat;a STEd b}
‘\\\ the risk assessors (e.g., the availability o
325 and referencenateriab are available and accessible to risk assessoep@opriate " { Deleted: data or

AN {Deleted: , if requested and as appropria
{Deleted: )

€,

A I

19 The term “information” is being used in a broadseand includes, for example, experimental dath, taw and analysed. |
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taking into account the provisions of Article 21tbé Protocol on the confidentiality

of information.

» The relevance of information for the risk assesgmen

N ‘[ Deleted: they

N

on the scale and duration of the environmentabéhiction |as well as on the risk

assessors’ level of familiarity with the trait aiganism being assesised;

. . . . \
Relevant information may be derived from a variety sources such as new
\

experiments, peer-reviewed scientific literatures, well as from previous risk
\

assessments,

receiving environment’sz,

Information from national and international stam¥aand guidelines may be used

in_particular for the same or similOs introduced in similar '

\
\
\
\
\

\
in'

the risk assessment, as well as knowledge and ierperof, for example, farmers,

growers, scientists, regulatory officials, and gehous peoples and

communities;

local

\
\
\

\\*T

case depending on the nature of the modificatiah@LMO, on its intended use, and ' %De""e" or if they can affect the
\ | Deleted: the

‘[Deleted may be
{ Deleted: they are

Comment [A29]: Comments R35 and
R242

Deleted: <#> Relevant information
may be derived from a variety of sources
such as new experimental data, data from

as well as data, experience and outcome:

as of acceptable scientific quality, in
particular for the same or similar LMOs
introduced in similar receiving
environmentsy

<#> Information from national and
international standards and guidelines m

knowledge and experience of, for exampl
farmers, growers, scientists, regulatory
officials, and indigenous and local
communities depending on the type of

| LMO, its intended use and the likely

\‘ potential receiving environmenf] ;

{Comment [A30]: Comment R482 }

I nformation requirementsin the case of field trials or experimental releas&i

For small-scale releases, especially at early éxeetal stages or in the early steps

environmental releases of LMOs that are condugaiesl step-wise manner, the nature and d

of the information that is required or availableynaiffer compared to the information requir

a}

or available for large scale or commercial envirental| releases. Typically, less information

_ {Comment [A31]: Multiple comments ]

of

d

required, or even available, for risk assessmmhltsrm_he exgosureof the environment to the/

\\

\\\

ﬂS\ \U Deleted: such as for some

In such caseshé uncertainty resulting from the limitedailableinformation, may be addresse=d ﬂ Deleted: early-stage

by risk management and monitoring measures. N

12

Risk assessments can be fountkr alia, in the BCH (http://bch.cbd.int) and ICGEB (httpaém.icgeb.org).

\\

ptail

/iS/ {Comment [A32]: Comment R138 J

Deleted: In cases of environmental
releases whose objective is to generat
information for further risk assessment:
and

Deleted: and trials, less information
may be available or required when
performing the risk assessment.

{l Deleted: T

{l Deleted: available in such cas

)
J
\
J
)

relevant peer reviewed scientific literature,

from previous risk assessments if regarde

be used in the risk assessment, as well as

o e )

2w

2y

o
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Therefore, some of the information identified thghout the Roadmap may not be known orj|be

only partly relevant in the context of a releasefiield trial or other experimental purposes whegre

the environment would have limited exposure toltheD.

Jdentification and consideration of uncertainty| _ { comment [A33]: Comments R175 and

I R305: (these two points were moved to tl

. . . . - E . 1|2« | beginning of this section).
Uncertainty is an inherept element of scientifialgsis and risk assessmeftsk assessments do npt I
\

@

Comment [A34]: Comments R156,
R165, R314 (add examples).

1 RN
provide definitive answers regarding safety or, askhere is always some degree of uncertainty.\[The

. . i Deleted: <#> Additional considerations
more knowledgeable and experienced the risk assesse, the more they may be able they|to | withregard to scientific further
|

information: and availability of scientific
expertisef|
<#>The process of risk assessment mal

'
- - . fn o : s : A ! give rise to the need for further relevant
The consideration of uncertainty and its importatceffective decision making are subject to mu\aﬁih information about specific subjects, whicH

It

identify and deal with uncertainty. |

|
|
1

. . . . . . . . ) may be identified and requested during the
discussion. The importance assigned to uncertaimtythe determination of its occurrence, are dgalt ) samont process; a 9

(\\\

with differently, depending on the extent to which regulatory framework incorporatgs,

<#>Independent experts with the relevan
background in the different scientific
. ) disciplines can serve in an advisory
precautionary measurbﬁsﬁ. 7777777777777777777777777777777777777777777777777 W' | function during the risk assessment
‘“,‘ Whether independent experts with the
. . . "1 | relevant background in the different
According toparagraph 8(f) of annex Il tthe Protocol, “where there is uncertainty regardimg | ' | various] scieﬁtmcdiscip”nes are available
. . . . . . |l | to conduct risk assessments or to provide
level of risk, it may be addressed by requestimthér information on the specific issues of concern| input into the risk assessment process or

\ ’
v 11| even perform the risk assessment

or by implementing appropriatésk managemenstrategies or monitoring the living modified, | themselves..

! \ .
organism in the receiving environmegiEurthermore, paragraph 6 of article 10 of the Groitstates| ' \\[ Deleted: <>
(Comment [A35]: Comment R156.

7777777777777777777777777777777 \ Vo
that, “Lack of scientific certainty due to insuféat relevant scientific information and knowledge ', \‘(

regarding the extent of the potential adverse &ffenf a living modified organism on thg\ !
‘l\ {Comment [A36]: Comments R156 and

-

Deleted: s

conservation and sustainable use of biological rditye in the Party of import, taking also intp '\ | gogs.

J
)
Deleted: andintegral J
J
J

W\
VA

account risks to human health, shall not preveat Barty from taking a decision [...] in order {o \{Delete*g
{Deleted: in accordance wit

avoid or minimize such potential adverse effécts”. {c EIAST]:C R316
****************************** 1 ommen: : Commen

Considerations of uncertaintgay strengthen the scientific validity of a risk assesstand provide Deleted: Whether and to what extent

there is scientific uncertainty is therefore
. - . . . itical in th text of risk t.
transparency in the decision making procgeevantconsiderationincludethe source and NatUre | There is no intemationally agreed definition
.. . .. g . . \ of “scientific uncertainty”, nor are there
of uncertaintiegfocusng on uncertainties that can have a significant irhpacthe conclusions of, internationally agreed general rules or
j\ W\ | guidelines to determine its occurrence.

)

)

)

I

the risk assessment. “\\\\\\\\{ Comment [A38]: Comment R276 ]
)

)

)

)

W
n \{Deleted: Thest
\ \

\
\\\{ Deleted: considerations of its

lack of information, (i) incomplete knowledge, afid) biological or experimental variability, for \{Ddeted: and

For each identified uncertainty, timature of the uncertainty may be described as arisingnfr()

example, due to inherent heterogeneity in the mdjmnl being studied or to variations in the  Deleted: es

analytical assays. Uncertainty resulting from latknformation includes, for example, information
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that is missing and data that is imprecise or ineate (e.g., due to study designs, model systewhs an

analytical methods used to generate, evaluate galgizze the information).

In some cases more information will not necessaniytribute to a better understanding of potential

adverse effects, therefore risk assessors shookdttoensure that any further information requested

\
\

accordance with paragraphs 8(e) and 8(f) of Aniieo the Protocol (see step 5 and Part Ill).

Deleted: may be irreducible. In such
cases, instead of reducing uncerta

\
\
wh \{
\ \

Deleted: may actually give rise to new
uncertainties

N
\ \\\\{ Deleted: the nature of the
\ . . ..
The various forms of uncertainty are considered destribedor each identified risk and under the\\{ Deleted: implies that it
. . . . . . . \\{ Deleted: data duriig the risk assessmi
estimation of the overall riskn addition, when communicating the results oisk assessment, it is (
*********************************************** RN Deleted: necessary

\

impacton theoverallrisk, as well aon the conclusions and recommendations of th@ﬁisbssmdgt\ ’

in_a way that is relevant for decision-makifféurthermore, uncertainties associated with sme\o\i\f'ﬁ\

o G .

R275.

Deleted: in each step of the risk
assessment, especially those that could
affect the overall risk

. . . . W \ .
potential adverse effects may not allow the conmhedf a specific assessment or the drawing of any\{ Deleted: what impact

conclusions regarding the level of overall fisk.

o
W\

Deleted: y

)
)
~ \\{ Comment [A41]: Comment R27 ]
AN { Deleted: estimated level of }

\ )

RSN { Comment [A42]: Comment R317
\ ~

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

» See references relevant to “ldentification andsideration of uncertainty”: v

http://bch.cbd.int/onlineconferences/ra_guidandereaces.shtrml \

PLANNING PHASE OF THE RISK ASSESSMENT L

Establishing the context and scope VA

Risk assessments are carried out on a case-byaaisein relation to the LMO, its intended use and

N

that is consistent with the country’s protectioralgo assessment endpointisk thresholds risk D

NN

W

\
\ {Deleted: its
AN
{Deleted:

Comment [A43]: Moved up for better
flow as this paragraph refers to provision
information

Deleted: In cases where the nature of th
uncertainty implies that it cannot be
addressed through the provision of more
data during the risk assessment, where
necessary, it may be dealt with by risk
management and/or monitoring in
accordance with paragraphs 8(e) and 8(f
Annex lll to the Protocol (see step 5 and
Part Il1).

\{ Deleted: A number of p

1

Comment [A44]: Comment R259 (add
reference by the EFSA

‘[Comment [A45]: Comment R83

WA ‘{Deleted: . Eaeh
\

W\
\ \\{ Deleted: -rRisk assessment
\

AN \\{ Deleted: s
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Establishing the context and scope for a risk @ssest, in line with the country’s policies and
regulations, may involve an information-sharing acwhsultation process with risk assessors,
decision-makers and various stakeholders priootwacting the actual risk assessment, to identify
protection goals, assessment endpoints and rigistibids relevant to the assessment. It may also
involve identifying questions to be asked that eelevant to the case being considered. The risk
assessors should, at the outset of the process, kremwvledge of national requirements for risk
assessment and criteria for acceptability of rigkey may also use questions or checklists designed

for the case under consideration to assist in thsequent steps.

that are specific to the Party involV&dnd to the particular risk assessment. Thesedéclu A

,,,,,,,, _—

Deleted: S J
Comment [A47]: Comment R84 J

(i) Be,g,u,la,ti,o,n,s,a,n,d, IDEEJ‘D @UQQ«'S‘J Ppligéth”,S,Qf}D g)F’,le,OJ\{e,q, ,,,,,,,,,,,,,,,,,, - W Deleted: <#>Existing environmental F
and_ health policies and strategies based pn,
(i) Environmental and health policies and strategies; for instance:
(i) Guidelinesandregulatory frameworks that the Party has adopted; _ - { Deleted: or )
o ‘[Deleted: and ]

(iv) Protection goals,ecosystems functions and servicemssessment endpoints, risk

thresholds and management stratedessved from (i) to (iii) aboye _ /{

Deleted: as laid down, for instance, in
relevant legislation of the Party

(v) Intended handling and use of the LMO, includingcgicees related tdhe use of the

LMO, taking into account user practices aratlitional knowledde A

Comment [A48]: Comment R86.

77777777777777777777 =

Deleted: habits,

(vi) |Availability of baseline information for the likelyotential receiving environment, | _ 1{

Comment [A49]: Comment R373.

1

o

Deleted:

(vii) The nature and level of detail of the informatibattis needed (see above), which may,
among other things, depend on the biology/ecoldgh@ recipient organism, the intended use
of the LMO and its likely potential receiving ermirment, and the scale and duration of the

environmental exposure (e.g., whether it is for ampnly, field testing or for commercial

wel 1

Comment [A50]: Comments R138 and
R44.

(viii) Identification of methodological and analytical ségments, including requirements for \
review mechanisms, that must be met to achieveotiective of the risk assessment as
specified, for instance, in guidelines publishedadopted by the Party that is responsible for

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

Deleted: . For small-scale releases,
especially at early experimental stages of in
the early steps of environmental releases| of
LMOs that are conducted in a step-wise
manner, the nature and detail of the
information that is required or available
may differ compared to the information
required or available for large scale or
commercial environmental release;

14 See Protocol provisions with regard to whose resibdity it is to ensure tharisk assessments are carried out. J - {

Deleted: t ]
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(ix) Experience and history of use of the non-modifiedipientor parentalorganism, taking _ - -{ Comment [A51]: Comment R352. |

into account itgcological function

(x) Information from previous risk assessments of tr@esor similar LMOs, including the

use of related surrogate systems, modified traitgher organisms;

Deleted: Approaches for describing
”””””””””””””””””””””””” potential adverse effects of the LMO and
terms used for describing

L A | Deleted: , th
manageability of risks (step;5) \\\\\\‘{D:I:t:d- : %
(xii) Proposed limits and controls to restrict the spreemi persistence of the LMO " [ Deteted: and %
Deleted: s
(particularly relevant for field trial&) 7777777777777777777777777777777777777777 - {CO mment [A52]: Comment RA10. ]

Some risk assessment frameworks combine the protesgablishing the context and scope of the
risk assessment with the identification of potdradverse effects associated with the modifications

of the LMO into a single step called “Problem folation” (see step 1).

Problem formulation

Problem formulation is an approach to structurinigla assessment. It usually starts by identifying

"

protection goals and defining assessment endpdihts.is followed by the identification of hazard

of the LMO and its use. After identifying the hadsiand potential adverse effects, conceptual

models are developed to describe the hypothesgtatianship between the adverse effects and the

assessment endpoints. This means describing anellmgdscenarios and pathways on how the

LMO may cause harm to a protection goal. Finaltyaaalysis plan is developed for obtaining the

needed data and how to test these hypotheticahgosrand pathways. - ‘{gglsrlmegt TERIB Bais 8 B
and others.

» See references relevant to “Establishing the exirand scope™

http://bch.cbd.int/onlineconferences/ra_guidanderemces.shtmi

The choice of comparators

In a comparative risk assessmergksposed byan LMO are consideredn the context of the risks - - { Deleted: R
o ‘[Deleted: associated with

" { Deleted: should be ]
environmentincluding wild type/native genotypes, if relevaht _ - { comment [A54]: CommentR374 |

< -
N

posed by the non-modified recipients or parentgaoisms in the likely potential receiving

S

its

the phenotypic and genotypic changes of an LMO tiy lead to adverse effects, and chanqeé\lnioe'eted: changes between an LMO and

{Deleted: that may lead to adverse effects.

15 Annex lll, paragraph 5.
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On the other hand, in somisk assessment approaches, the choice of an@pieocomparator will
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relevance, interpretation and conclusions drawmftioe risk assessment process. Therefore, the one

or more comparators that are chosen should betsdlen the basis of their capacity to generate

information that is consistent and relevant forrikk assessment.

To account for variation due to interaction witke tanvironment, the LMO and its comparator(s)

may be compared between the LMO (e.g. a Bt crod)the non-modified recipient under different

environmental conditions (e.q. different pesticidees/application regimes) if these are appropriate

to differences in standard management practicdsatieaexpected to apply under normal productjon

conditions|

Choosing the appropriate comparator(s) may, in scases, be difficult or challengin@n the one

_ - {Deleted: the same }

b — {Comment [A56]: Comment R17! J

_ - {Comment [A57]: Comment R35: ]

hand,, sme risk assessment approachesuire theuse a non-modified genotype with a genetic { Deleted: s )
background as close as possible to the LMO beisgsasd, e,g. fear-)isogenic lineas the | - - { peleted: )
primary ,comparatprwith additional comparatorsuch as defined non-modified reference lings; - peleted: choice of )

being usedlepending on the biology of the organism and tydesodified traits under assessment.

In these risk assessment approagties (near-)isogenic non-modified organism is usestep 1 and|

throughout the risk assessmentheregsbroader knowledge and experience with additigrial{"e'ete"’ may prove usef )

comparatorgs usedalong with the non-modified recipient organiswhen assessing the likelihodd

\|

and potential consequences of adverse effdResults from experimental field trials or othé\r\

. . . . . - . oy
environmental information and experience with taens or similar LMOs in the same or similar:

\

receiving environments may also be taken into agcou

depend on the specific LMO being considered, thp i the risk assessment and on the questio

that are being asked.hese risk assessment approaches do not regaire thon-modified (near

)isogenic line be used as comparator throuqhoutaﬁmssmen{t, and, in some circumstances,

use another LMO as a comparator (e.qg. when assgeasihM cotton in environments where LM

that are not (near-)isogenic lines on the levelrdlytical rigour of the comparative assessment

be taken into consideration when deciding on apjat@comparators.

N

ns

\

Deleted: . In such risk assessment

frameworks where the use of a (near-
)isogenic non-modified recipient organism
as the comparator is required

{Deleted: practice ]

Deleted: . When the likelihood and
potential consequences of adverse effects
are evaluate

Deleted: such as defined non-modified
reference lines

Deleted: may also be taken into
consideration, as appropriate,

Deleted: other

)
_ - {Deleted: In ]
)

may

Drs- -{ Comment [A58]: Comment R277. |

nay

_ - {Comment [A59]: Comment R399 }
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In some cases, the non-modified recipient organiemthe parental organisms alone may not be
sufficient to establish an adequate basis for apewative assessment. In such cases, additional

and/or alternativapproaches and/or comparators may be necessago(forete examples and more

)

as the levels of endogenous toxins, the range lofesain cultivated varieties may provide more

relevant information than a single (near-)isogdime would. In another example, many LMOs are

developed by backcrossing the original LMO intdeeNarieties. In such cases, the original non-

modified recipient organism is not cultivated asd therefore, not sufficient as the non-modified

comparator. __ - { comment [A61]: Comment R139.

)

Furthermore, an alternative to the comparative @agr may be necessary when dealing with LMOs

whose recipient organism is, for example, a nonekiivated species, or when dealing with

- {Comment [A62]: Comment R6

CONDUCTING THE RISK ASSESSMENT

To fulfil the objective under Annex lll of the Pomol, as well as provisions under other relevant

)

)

reference to G.W. Suter ).

or new issues need to be considered, as apprapriate - ‘{Comment [A63]: Comment R192 (add

|

Paragraph 8 of Annex lll describes the key stepthefrisk assessment process. Paragraph 9 of
Annex Il lists and describes points to considertlie process for risk assessment of LMOs

depending on the particular case.

The steps of risk assessment under the Protocddieuitar to those used in other risk assessment

frameworks. Although the terminology may differ Ween the various approaches, in general terms,

(corresponding to the steps 1 to 4 respectivelgazard identificatioh, “exposure assessmeént { peteted: definea as

“hazard characterizatidn and ‘risk characterizatioh

In this section, the steps indicated in paragra@)-&) of Annex Ill are described in further détai

N Deleted: are

methodologies of LMO risk assessment and risk memagt insofar as they were in line with the\\{De,eted: Additional points to consid

)
)
)
J

principles of Annex lll. The relevance of each padio consider will depend on the case being

l...
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assessed. The guidance provided below on the #tefdsk assessment is not exhaustive, thus

background documents relevant to each sectionraxéded through the links.

» See references relevant to “Conducting the R&deAsment”:

http://bch.cbd.int/onlineconferences/ra_guidanderemces.shtmi

Comment [A65]: Comment R489 ]

characteristics associated with the living modifiecbrganism that may have adverse effects on
biological diversity in the likely potential receiving environment, taking also into account risks
to human health.” ¢

Rationale:

The purpose of this step is to identify changeshie LMO, resulting from the use of modern

biotechnology, that could cause adverse effecthemronservation and sustainable use of biological

diversity, taking also into account risks to hurhlaiatalltr'li7 A

Comment [A66]: Comment R88. }

***************************** N

Deleted: The potential adverse effects
may be direct or indirect, immediate or
delayed.

is very important in the risk assessment proceshesnswers to thigiuestiop will determine what* . {

Comment [A67]: Comment R23.

risk[scenariols are considered in all subsequep¢ste T

occur, why and how

Deleted: what adverse effects could }

Deleted: s raise

In many cases, this step is performed as partpoblalem formulation process when establishing thé{

\
Xt
Y \

Comment [A68]: Comment R176 (Add

“scenario” to the use of terms section, see

definition in Suter II).

and scope” are done in parallel or in sequencethey these actions are among the most important

N

in a risk assessment as they form the basis fasuheequent steps. '

\
W\

\

Deleted: This step may also be referred
as “hazard identification” — the difference
between the concepts didzard and

“risk” is important and must be understood

by the risk assessor.

In this step, risk assessors identify scientificgllausiblerisk scenarios and risk hypotheses ‘to\\\\{

predict if the LMO could have an adverse effecttba assessment endpoints. In doing so, risk:

Comment [A69]: Comments R279,
R90 and R308.

assessors analyse what novel characteristics diNt@, as well as its transfer, handling and use,

Deleted: In that case, this step is not
limited to the identification of hazards, bu
also takes into account protection goals &
appropriate assessment endpoints.

could give rise to adverse effects in an interactigth the likely potential receiving environment.

For example, if the protection goal is maintenaatdiodiversity, a risk hypothesis could assess

o

Comment [A70]: Comment R281 ]

what novel characteristics of the LMO might affesgiecific assessment_endpointsuch as ai/

A

Deleted: “targets” J

18 The bold printed headings of each step are difeates from Annex IIl of the Protocol.

17 See also article 2, paragraph 2(b) of the NagoyalkKuLumpur Supplementary Protocol on Liability amedress
(http://bch.cbd.int/protocol/nkl/articleR/
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component of the food web or the population sizeesfain species in the likely potential receiving
environment. The targets are called assessmenbigtglpand their unambiguous specification is

crucial to focus the risk assessment.

It is important to definglirect or indirecjinks or pathwag between the LMO and possible adverge’{De'eted: 2

"Ny 7| Deleted: causal

effects, otherwise the risk assessment may generate inf@mthat will not be useful for decision-~ { peieted: a characteristc o )

N
N

making (see also steps 2 andBdtential adverse effects could arise, for exanfpten changes i

N {Deleted: a

. . . .. . W C A71]: d
the potential of the LMO to: (i) aﬁe¢t non-targmfganlsrr’nksl (ii) cause unintended effects on tgrget{lgf pl e A e

- P . . . . . \ -\ X . g
organisms, (iii) become persistent or invasive evadop a fitness advantage in ecosystems v\\/lth{““‘““*“t LY G R )

. . . . \ Deleted: Depending on the LMO, its
limited or no management, (iv) transfer genes toeotorganisms/populations, and (v) become | intended use and the likely potential
\

receiving environment, possible changes

genotypically or phenotypically unstable. \ | that could lead to adverse effects may

\ | include, but are not limited to,

\

In this step, a comparison of the LMO should besitered in the context of the non-modified wm“‘"‘e“t [A73]: Comment R116 (add

“non-target organisms” to the “use of
terms”)

recipient or parental organisms in the likely ptiwnreceiving environmentnd the baseline

particularly relevang for this step in order to blesthe consideration of the new trait(s) of the@\ | Boitediakng i consieraion ne |

oo { Comment [A75]: Comment R180

entitled ‘Planning Phase of the Risk Assessment’).

The novel characteristics of the LMO to be consideran include any changes in the LMO, ranging {Deleted: be described in genotypic and}
”””””””””””””””” phenotypic terms. These

from the nucleic acid (including any deletions), dene expression level to morphologicald

behaviourathanges.

The LMO may cause adverse effects which may bectdioe indirect, immediate or delayed,
combinatorial or cumulative, as well as predictedmpredicted. For example, an adverse effect may
also be caused by changes in the expression lef/&lsdogenous genes as a result of the genetic
modification or bycombinatorial effectof two or more genes, gene products or physiolgic

pathways.

_ ‘| Comment [A76]: Comment R36 and
4 others.

T { Deleted: Points to consider

() Jts biological characteristigand agronomic trajtsn particular those that, if changed - - comment [a77]: Comment Ri1s.
o ‘[Deleted: i J

or resulting in an interaction with the n@ene product®r traits of the LMO, could

lead to changes that may cause adverse effects;

(i) Ugs taxonomic relationships; __—{ Deleted: i )
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805 (iii) g provenandecentrés) of origin and centr) of genetic diversity, _ - { comment [A78]: CommentR230 |
NG ‘[Deleted: i ]

806 (v) ltsecological function,and _ \\\{Deleted: ]
L. . . . . . NS {Deleted: origin }

807 (v) Whether it is a component of biological diversitattis important for the conservation. » { Deleted: e }

808 and sustainable use of biological diversity in toatext of Article 7(a) and Annex |, \{Dmeted: E ]

809 of the Convention; { Deleted: w )

810 (b) Relevant characteristics of the donor organisns{g)h as: - {Comment [A79]: Comments R344, }

777777777777777777777777 R361, R362 and R367.

811 (i) its taxonomic status and common name;

812 (i) its provenance;

813 (iii) _ relevant biological characteristics;

814 (iv) Relevant characteristics of the genes and of oftiectional sequences, such as

815 promoters, that have been inserted into the LM®@lugting functions of the genep

816 and their gene products in the donor organism wadrticular attention to

817 characteristics in the recipient organism that dmaluse adverse effects; _ - { Deleted:) ]

818 (c) Characteristics related to the transformation mebthocluding the characteristics of the

819 vector such as its identity, source or origin arasthrange, and information on whether the
820 transformation method results in the presence aftgpof) the vector in the LMO, including any

821 marker genes;

822 (d) MQ'?QQ'@[ gbg[ap;qusjlgg ,OI ,the, LM,Q I @I,ale,d, t,o, tﬁ?QLflPQE'QG,,S}{CD,@S, 9@@@9@@9% - 7| Deleted: <#>Relevant characteristics of
ig . . . . . - . . the genes and of other functional sequences,

823 the modified genetic elements; insertion site(s) eopy number of the inserts; stability, integrity | such as promoters, that have been inserted
. . . . o . o . into @he LMO (e.g., fu_nctions of the gene

824 and genomic organization in the recipient organispecificity of the genetic elements (e.g., | anditsgene productin the donor organisy
with particular attention to characteristicsl|i

825 transcription factors); leveland specificityof gene expression and intended amihtended gen the recipient organism that could cause

adverse effects);{

53

826 products such as novel proteins being encoded by sequente®gether at the insertion sites pr - { Comment [A80]: Comment R64. |

827 elongation of the intended protein due to faultyagking terminator sequenges

828 (e) Genotypic (see point (d) above) and phenotypic gearin the LMO, either intended or
829 unintended, in comparison with the non-modifiedipint, considering those changes that could
830 cause adverse effects. These may include changewmtine/endogenous gene expression and

831 regulation at the transcriptional, translationad @ost-translational levels.
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environment:

0] Protection goals and assessment endpoints releearthe likely potential receiving

environment (see “Planning phase of the risk agsests, “Establishing the context and scope”);

(9) Availability of dataon the likely receiving environment which n{agrve as a basis for the - ‘{Comment [A81]: Comments R65, }
7777777777777777777777777777777777777 N R106, R141, R404
risk assessment; \\\ ‘[Deleted: sufficient }

(h) The intended spatial scale, duration and level ofhfinement (such as biological relevantbaselinefor the likely receiving

environmenwhich will

Deleted: to establish a meaningful ‘

confinement) of the environmental release, takirig account user practices and habits;

() Characteristics of the likely potential receivingvigonment including relevant ecosystem

functions and services, in particular its attrilsutbat are relevant to potential interactions & th

characteristics of the components of biologicakdsity, particularly in centres of origin and cexstr

of genetic diversity;

Attributes of the receiving environment

Examples of relevant attributes of the receivingimmment include, among others: (i) ecosystem

type (e.q., agroecosystem, horticultural or fossbisystems, soil or aquatic ecosystems, urbdn or

rural environments); (ii) extension of dimensiomé&sl, medium, large or mixed scale); (iii) previous

use/history (intensive or extensive use for agrdnopurposes, natural ecosystem, or no prior

managed use in the ecosystem); (iv) the geogrdphare(s) in which the release is intended,

including climatic and geographic conditions and titoperties of soil, water and/or sediment; |(v)

specific _characteristics of the prevailing faunfibral and microbial communities including

information on sexually compatible wild or cultieat species; and (vi) biodiversity status, including

the status as centre of origin and diversity of téeipient organism and the occurrence of rare,

endangered, protected species and/or speciestofaiulalue. - { comment [A82]: Comment R218. |

G) Potentialindirectadverse effect® biodiversity as a result jpestsor pathogensleveloping _ - - { comment [A83]: Comment R2ss. |

resistance to the target tréitg. insect or disease resistance temit) weeds developing resistance to T?fc'fffsd: concerning target organisms }

the herbicide.
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) ) . ) ) ) _ { Deleted: Points to consider J
Elements for_consideratioregarding the potential adverse effects resulfrgn the interaction -
between the LMO and the likely potential receiv@éngironment:
(k) Characteristics of the LMO in relation to the likglotential receiving environment (e.g.,
information on phenotypic traits that are relevlmtits survival, or its potential adverse effeets
see also paragraph (e) above);
[0} Considerations founmanaged and managegosystemsconcerning the use of an LMQ,
that are relevant for the likely potential receyenvironrmery _ - { Deleted: . These include )
(m) Potential adverse effects resulting from the useanfLMO, such as changes in farm

Q)

_ - {Comment [A84]: Comment R285 ]

_ - {Deleted: d ]

between species, or through transfer into habithere the LMO may persist or proliferate; as well

as effects on species distribution, food webs dwaahges in bio-geochemical characteristics;

(o) Potential for outcrossing and transfer teinsgenesvia vertical gene transferfrom an

LMO to other sexually compatible species that cdaltl tointrogressionof the transgene(s) into

populations of sexually compatible species, andthérethese would lead to adverse effects;

(p) Whetherhorizontal gene transfeusf transgenic sequences from the LMO to other risgas

in the likely potential receiving environment couldcur and whether this would result in potent

ial

adverse effects. With regard to horizontal genasfier to micro-organisms (including viruses),

particular attention may be given to cases whexd. MO is also a micro-organism;

(@) Potential adverse effects on non-target organisrok as toxicity, allergenicity anghulti-

trophic effectsvhich can affect the survival, development, orébébur of these organisms;

() Potential adverse effects of the incidental exposiirhumans to (parts of) the LMO (e.g.

exposure to modified gene products in polien)

)

number and amount of herbicide applications, method harvesting and waste dispgdaht were

induced by use of the LMO. Where use of other ragd products or practices are chang

_ - -| Deleted: , and the toxic or allergenic
effects that may ensue

N

N ‘[ Deleted: taking into account th J
N

Sd, { Deleted: that may be used with the LM@,

interplay with the respective risk assessmentsregdlations needs to be considered.

_ - {Comment [A85]: Comments R66 and }
R67.

() Cumulative effectwith any other LMO present in the environment.

» See references relevant to “Step 1”:

) ‘[ Deleted: , etc ]
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919 http://bch.cbd.int/onlineconferences/ra_guidanderemces.shtml

920

P {Comment [A86]: Comment R489 }

921 ’ Step 2_—(Exposure assessmentAn evaluation of the likelihood of adverse effets being .
922 realized, taking into account the level and kind o&xposure of the likely potential receiving

923 environment to the living modified organism.”

924 Rationale:

925 | In_this step therisk assessors evaluate the likelihood that eacthefpotential adverse effects - { Comment (A87]: CommentRes. |
926 identified in step 1 will occur. The evaluation lidelihood may be undertaken at the same time :51:51512'§\t,§f';|T,?SSitf;rr?if,\e,,gn(‘ife%aff;‘f‘eﬁze}
927 | the evaluation of the consequences should the sehefects be realized (step B)hile steps 2 and - - { Deleted: or in an inverse ord ]
928 | 3 are independent of each other, in some framewbeksare carried out in a reverse ogder. - { Deleted: ]
929 | In this stepscientifically plausible pathways of a hazard leading to adveffsets are identified. It - - { Deleted: T )
930 aims to determine whether the receiving environmeitit be exposed to an LMO that has the L":S':::;;;”f{vﬁ;f‘e"ed o “ex’m“ﬂe

931 potential to cause adverse effects, taking intesicEmation the intended transfer, handling andofise

932 the LMO, and the expression level, dose and enmisnial fate of transgene products

933 | For each of the riskcenarios and ridiypothesegentified in step 1, thpathwayof [exposuﬁe to the _ - -| Comment [A88]: Add the term

”””””””””””””””””””” AN “pathway of exposure” to the use of term
934 | LMO being assessed (or its products) should bermié@ted. Furthermordt is important to defing a " { Deleted: or scenario

935 | causal link between the LMO and the potential astveeffedt by building conceptual model\s\\{Deleted= route
AN {Deleted: when possible the

936 describing relationships between the LMO, pathwaysxposure and potential adverse effects in the C TG pr—
N ommen : Commen

937 environment, taking also into account risks to harhaalth. For example, for an LMO producing a\\{pdeted: should be established

938 | potentially toxic gene product, oral, respiratorydermal pathwaysf exposurecould be relevant. [ Deeted: . This can be achieved
~ 7 | Deleted: exposure

939 Experimental studies and models may be used fasaassment of the potential level and type of

o U g

940 exposure, combined with the use of statisticalstaellevant for each case. Past experience with
941 similar situations (e.g., same recipient organisMQ, trait, receiving environment, etc), if availap
942 may also be used in assessing the level and typgpafsure, taking into account user practices and
943 | habits.

944 | Likelihood may be expressed quantitatively or dgagliely. For example, qualitative terms could

945 | include ‘highly likely’, ‘likely’, ‘unlikely’, and ‘highly unlikely’. Parties may consider describing

946 | these terms and their uses in risk assessmentlipgisi@ublished or adopted by them.
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In some circumstances, particularly when there iBigh level of uncertainty in assessing the

likelihood, it may be difficult to assess the lilkelod of adverse effects being realized. In sudesa

11

and R253.

Comment [A90]: Comments R69, Rlﬁz

Deleted: estimate assign a likelihood of]
100% that it is “highly likely” that an
adverse effect will occur and concentratel
on the evaluation of its consequences.

(a) The relevant characteristics of the likely potdnticeiving environment that may be a
factor in the occurrence of the potential adveffects (see also step 1 (f), (g) and (i), takintpi
account the variability of the environmental coimfis and long-term adverse effects related to the

exposure to the LMO;

Deleted: Likelihood may be expressed
quantitatively or qualitatively. For
example, qualitative terms could include
‘highly likely’, ‘likely’, ‘unlikely’, and
‘highly unlikely’. Parties may consider
describing these terms and their uses in |
assessment guidelines published or adop
by them.q

Points to consider

(b)

in the food chain) of substances with potentiatlyexrse effects newly produced by the LMO, such

Levels of expression in the LMO and persistenceanudimulation in the environment (e.g.,

as toxins, allergens and some insecticidal protéimthe case of field trials, the level of persiste
and accumulation in the receiving environment mayldw depending on the scale and temporary

nature of the release, and the implementation efagement measures;

(c) Information on the location of the release and tkeeiving environment (such as
geographic and biogeographic information, inclugisg appropriate, geographic coordinates);
(d) Factors that may affect spread of the LMO, sucltsascological range and ability to move;

its reproductive ability (e.g., numbers of offsgrintime to set seed, abundance of seed and

vegetative propagules, dormancy, pollen viabilignd its ability to spread using natural means,(e.g

exchange, etc);

(e)

the environment, such as, in the case of LM pldiféspan, seed dormancy, ability of LM seedlings

Factors that affect presence or persistence dfM®@ that may lead to its establishment in

to establish among existing wild or cultivated viagjen and to reach reproductive stage, or the

ability to propagate vegetatively;

Comment [A92]: Comment R287. ]

(f) When assessing the likelihood of outcrossing froemtMO to sexually compatible species
as a step in the pathway to an adverse éffeetfollowing issues are relevant: A
(i) The biology of the sexually compatible species;
(i) The potential environment where the sexually coibfmspecies may be located;

(iii) Persistence of the LMO in the environment;

ng

isk
ted
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(iv) Introgression of the transgene into the sexualipgatible species;
(9) Persistence of the transgene in the ecosystem; and

(h) Expected type and level of exposure in the enviemnwhere the LMO is released, and
mechanisms by which incidental exposure could oettinat location or elsewhere (egene flow
incidental exposure due to losses during transpod handling, intentional spread by people, or
unintentional spread by people via machinery, mpeatiuce or other means).

» See references relevant to “Step 2"

http://bch.cbd.int/onlineconferences/ra_guidanderemces.shtmi

Step 3 “Hazard characterization; “An evaluation of the consequences should theseeerse -~ { comment [A93]: Comment Reso )

effects be realized.”

Rationale:

This step, which may also be referred to as “hazhedacterization”, describes an evaluation of the
magnitude of the consequences of the possible selveffects, based on the risk scenarios
established in step 1, paying special attentioprtdected areas and centres of origin and cenfres o
genetic diversity, and taking into account protattgoals andssessmergndpoints of the country

where the environmental release may take placeligesissed in the previous step, the evaluation of

consequences of adverse effects may be undertaltee same time as the evaluation of likelihood

- {Deleted: or in an inverse order. J

{The evaluation of consequences of adverse effeotsics be considered in the context of the adverse { Comment [A94: moved down |

effects caused by the non-modified recipients oem@l organisms in the likely potential reCEIVING | Dorieig oer s oo o

. . . . as laboratory experiments or experimental
environment (see Planning Phase of the Risk Assg$nThe evaluation of consequences may also | releases, may be considered. The scale and
. i . L . . . i duration of the intended use (e.g., small ar
consider the adverse effects associated with thsimx practices or with practices that will be | large) may influence the severity of
potential consequences and should therefore

introduced along with the LMO (such as various agroic practices, for example, for pest or weed [Pe taken into account. |

management).

In this step, results from tests conducted undiéerdint conditions, such as laboratory experiments

or_experimental releases, may be considered. Meredie type, purpose and duration of the

intended use (e.g. laboratory experiments, envisorial release) may influence the severity of

potential consequences and should therefore ba tak@account.
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It is important to also assess in this step thatitur of the potential adverse effect (i.e., sloofbong

”””””””””” releases (e.qg. laboratory, confined and
environmental)

term), the scale (i.e., are implications localjoral or regional), the mechanisms of effect (dii@c | - W Deleted: the types and purposes of

NG ‘[Deleted: reversibility

the expected ecological scale (i.e., individualamigms — for example of a protected species — { Deleted: o

populations) taking into account the attributes of the potnteceiving environments (see Step|1, {peleted: s

footnote 16) and potential changes resulting frmman activities ) {De'ete‘“

A

The evaluation of the consequence of adverse sffechy be expressed qualitatively or
guantitatively. For instance, qualitative termstsas ‘major’, ‘intermediate’, ‘minor’ or ‘marginal’
may be used. Parties may consider describing teeses and their uses in risk assessment guidelines
published or adopted by them.

-

- { Deleted: to

(a) Relevant knowledge and experience with the non-fisatirecipient or parental organisms,
or current use of the organism, in the likely ptitreceiving environment, and their interactions

with other species, including sexually compatilgedes. This may include the effects of:

(D Agricultural practices on the level of inter- amtra-species gene flow; -~ {eteted: ()
(i) Djssemination of the recipient organism; - { Deteted:
- ‘[Deleted: d
(i) __Abundance of volunteers in crop rotation; . ~— { Deleted: -
(iv)  Change in the abundance of pests, beneficial organisms such Hmapors, | - {Deleted: c

) WU N

decomposers, organisms involved in biological cadntr soil microorganisms involved in
nutrient cycling;

v) Pest management affecting non-target organismsighrpesticide applications ar. - W Deleted: <#>f
(i) -

v oz TEUETEE D AT

(vi) The behaviour of populations of other species,uiicly interactions betweeb//{Deleted:(iii) :
predators and prey, their role in food webs andertacological functions, disease

transmission, allergies and interaction with humamesther species;

(b) Potential adverse effectesulting from combinatorial and cumulatieéfects in the likely | - - { Deleted: Consequenceof the

potential receiving environmept; | Deleted:
77777777777777777777777777777777777 -~ - comment [A95]: Comment R72
(c) Relevant knowledge and experience with the LM@d non-modified organisms with —{Deleted: *

similar phenotypic characteristiis similar receiving environments; - {Comment [A96]: Comment R183.

)
)
J
J
J
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(d) Results from laboratory experiments examining, @@ @priate, dose-response relationships

or particular effect levels (e.gEC5Q LD50, NOELD for acute, chronic or sub-chronic

effects including immunogenic effects;

(e) Results from field trials containing information calh the potential for invasiveness and
impacts in the environmepgnd - - comment [A971: Comment 291.
o Deleted: Results from field trials
() [Potential adverse effegtesulting from outcrossing/interbreeding to seluabmpatible evalating, for instance, potential
W~
speciesand introgression of the transgene(s) ‘\1\\{Comment [A98]: Comment R355
\:\\{ Deleted: Possible consequences of
“® ”. \
» See references relevant to “Step 3”: \\{ Deleted: of
http://bch.cbd.int/onlineconferences/ra_guidandereaces.shtml { Deleted: transgene introgression

o )

Step 4—Risk characterization: “An estimation of the overall risk posed by the liing modified -~ { Comment [A99: Comment Rags

organism based on the evaluation of the likelihoodnd consequences of the identified adverse

effects being realized.”

Rationale:

The purpose of this step, which may also be rafetiweas “risk characterization”, is to determing an
characterize the overall risk of the LMO. This dam achieved by characterising and analysing
individual risks on the basis of an analysis of poéential adverse effects completed in step I the
likelihood (step 2) and consequences (step 3),cantbining them into an estimation of the overall
risk, taking into consideration any relevant unaity that was identified in each of the preceding
steps and how it could affect the estimation ofdkerall risk of the LMO (see “Identification and

consideration of uncertainty” under “Overarchingpiss in the risk assessment process” above).

To date, there is no universally accepted appréarcéstimating the overall risk but rather a number

of approaches are available for this purpgse.indicated in paragraph 8(d) of Annex Il of the

Protocq) the estimationof the overall riskjs ‘based, on_the evaluation of the likelihood g:ndr{oeleted:p

consequences of the identified adverse effects) ealized. For example, the characterization &f;\{[’e'eted: For exampl

\\ | Deleted: characterization

: often

overall risk is often the best estimate which isive® from the combination of the identified \\{De,eted.

individual risks. By combining evidence from eaderntified risk, the overall risk may be supported fDeleted: derives a

77777777777 -~ \[Deletedi is

o
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1128 by multiple lines of evidence. These lines of evidemay be quantitatively or qua|itatiV8$///{Deleted:from )

1129  weighted and combined. Risk matrixes, risk indimemodels may be used for this purpde.

1130 A description of the risk characterization may bepressed qualitatively or quantitatively.
1131 Qualitative terms such as ‘high’, ‘medium’, ‘low'negligible’ or ‘indeterminate’ (e.g., due to
1132 uncertainty or lack of knowledge) have been usezhtoracterize the overall risk of an LMO. Parties
1133 could consider describing these terms and theis userisk assessment guidelines published or

1134 adopted by them. _ - -| Comment [A100]: Comments R196,
*********************************************** - R293, R356, R452 (add examples and/ol

. . L. .. k . schematic explanation)
1135 The outcome of this step should include a desonpéxplaining how the estimation of the overall

1136 risk was performed.

1137 Elements for consideraton B y - {Deteted: poins o consider )
1138 (a) The identified potential adverse effects (step 1);

1139 (b) The assessments of likelihood (step 2);

1140 (c) The evaluation of the consequences should the seledfects be realized (step 3);

1141 (d) Individual risks and any interaction among thenthsassynergisimor antagonism

1142 (e) Any risk management strategies (see step 5) thatffiect risk estimates if implemented;

1143 (f) Broader ecosystem and landscape consideratiorlading cumulative effects due to the

1144 presence of various LMOs in the receiving environtmeaking into _accounj potentigl - | Deleted: of )

1145 environmental changes caused by human activities.

1146 » See references relevant to “Step 4"
1147 http://bch.cbd.int/onlineconferences/ra_guidanceremces.shtml

1148

1149 Step 5: “A recommendation as to whether or not theisks are acceptable or manageable,

1150 including, where necessary, identification of straggies to manage these risks”

. _ - Comment [A101]: Comment R257
1151 [Ratlonalé: -7 | (Attempt to better structure this rationale py

7777777777777777777777777777777777777777777777777777777777777 using boxes, schematic explanations, etc|

1152 In step 5, risk assessors prepare a report sumngarthe risk assessment process, identified

1153 individual risks and the estimated overall riskd gmmovide recommendation(s) as to whether or not

20 see references in the list of background materials
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1157 the risks are acceptable or manageable and, ifedeagécommendation(s) for risk management
1158 options that could be implemented to manage thés riassociated with the LMO. The
1159 recommendation is made in the context of criteoiattie acceptability of risk that were identified i
1160 the planning phase of the risk assessment, takimg #@ccount established protection goals,
1161 assessment endpoints and risk thresholds, as welisks posed by the non-modified recipient
1162 organism and its use.

1163 This step is an interface between the processkfassessment and the process of decision-making.
1164 Importantly, while the risk assessor provides ameamendation as to whether or not the risks are
1165 acceptable or manageable, the ultimate decisiorutalunether or not to approve the LMO
1166 notification is a prerogative of the decision makdoreover, the “acceptability” of risks is typital

1167 | decided at a policy level and may vary from countrycountry for instance, some countries may

1168 | choose to accept a ‘negligible’ risk associatedlite development of a certain technology while

1169 | others may not

1170 In evaluating the acceptability of the overall rigfikthe LMO, it is important to consider whetheskri
1171 management options can be identified that couldessdddentified individual risks and the estimated
1172 overall risk as well as uncertainties. The needsif@lity and efficacy of the management options,
1173 including the capacity to enact them, should besiciared on a case-by-case basis. If such measures
1174 are identified, the preceding steps of the risless®ient may need to be revisited in order to eialua
1175 how the application of the proposed risk managemsedsures would change the outcome of the
1176  steps.

1177 | The recommendation on the acceptability of risk(sly take into account any available scientific - { Deleted: should )

1178 analysis of potential benefits for the environméidiversity, and human health (e.g., change én th

1179 | use of crop protection products, reduction of ititets in the case of mosquitoes), anayalso take _ - { Deleted: should )

1180 | into account risks associated with other existingripractices and habifdowever, balancing risk

1181 | acceptability with potential benefits is mot laidt in the provisions of the Protocol. __ - { comment [A102]: Comment R215. |

1182 Further, the sources and nature of uncertaintydbald not be addressed during the preceding steps

1183 ’ of the risk assessmenainbe described in relation to how they could afféwt tonclusions of the - - Deleted: should )

1184 risk assessment. For assessments where uncedaiatikl not be addressed, difficulties encountered

1185 | during the risk assessmemay be made transparent to the decision makers. In sass, it may _ - - Deleted: should )

1186 also be useful to provide an analysis of altermatiptions to assist the decision makers.
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In accordance with Annex Il paragraph 8(f) “whémnere is uncertainty regarding the level of risk, i
may be addressed by requesting further informatianthe specific issues of concern or by
implementing appropriate risk management strategied/or monitoring the living modified

organism in the receiving environment”.

Environmental| ronitoring (see Part Ill)can be a means to reduce uncertainty, to adc ress{Comment[Aloﬂ: Comments R148 }
assumptions made during the risk assessment, ittatalconclusions of the assessment on a wid\eT{ Deleted: M

(e.g., commercial) level of application, and toabsish a causal link or pathway between LMOs and
adverse effects. Monitoring may also be used tduat@ whether risk management strategies are
being implemented effectively, including whetheogh strategies are able to detect potential adverse
effects before the consequences are realized. bforgt can also be applied as a tool to detect
effects that were not anticipated in the risk agsent and long-term adverse effects.

The issues mentioned in the section ‘Establishimg tontext and scope’ may be taken into
consideration again at the end of the risk assesspnecess to evaluate whether the objectives that

were set out at the beginning of the risk assessh@®@ been met.

The recommendation(s) are submitted, typically agt pf a risk assessment repairtcluding

monitoring plans to reduce uncertainty, where apgate,for consideration in the decision-making

process.

_ { Deleted: Points to conside ]

(a) Existing management practices, if applicable, #ratin use for the non-modified recipient

organism or for other organisms that require comiplar risk management and that might be
appropriate for the LMO being assessed (e.g., paysiontainment, isolation distances to reduce
outcrossing potential of the LMO, modificationshiarbicide or pesticide management, crop rotation,

soil tillage);

(b) Methods to detect and identify the LMO, and th@iedficity, sensitivity and reliability in

the context of environmental monitoring (e.g., ntoring for short- and long-term, immediate and

delayed effects; specific monitoring on the basisotentific hypotheses agbtimated causal Iink(s*) - { Deleted: supposed cause/effect

”””””””” relationship

as well as general monitoring), including plansdppropriate contingency measures to be applied if

warranted based on monitoring results;
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1224 (c) Management options and their feasibility in the te@h of the intended and expected use
1225 (e.g., isolation distances to prevent outcrossiugyl the use of refuge areas to minimize the

1226 development of resistance to insecticidal proteiasy

1227 (d) Methods for evaluating the proposed risk managenzmt monitoring strategies for

1228 | feasibility, efficacy and effectiveneﬁ;gnd whether or not a proposed risk managemensureanay

1229 | introduce additional risks or increased level efitified risks __ - { comment [A104]: CommentR149 |
. . . . P { Deleted: Points to conside J

1230 | Elements for considerationelated to the acceptability of risks: =~~~ -7

1231 (e) Established criteria and thresholds for determimiglg acceptability, including those set out
1232 in national legislation or guidelines;

1233 (f) Protection goals and assessment endpoints asfiddntihen establishing the context and

1234  scope for a risk assessment;

1235 (Q) Any relevant experience with the non-modified rémip organism(s) or other reference
1236 line(s) (including practices associated with these in the likely potential receiving environment)

1237 which were used to establish the baseline foritkeassessment;

1238 (h) Scientific benefit analyses, carried out using Emprinciples of sound science as those

1239 used throughout the risk assessment;

1240 (i) Ability to identify, evaluate, manage and confirdvarse effects in the event that the LMO

1241 is released into the environment, as well as te tgpropriate response measures.
1242  » See references relevant to “Step 5™

1243 http://bch.cbd.int/onlineconferences/ra_guidanceremces.shtml

1244

1245 RELATED ISSUES

1246 Risk assessment is one input to decision-makingrdégg LMOs. Other issues that may be part of
1247 the decision-making process, as appropriate, aatdatie mentioned in other articles of the Protocol,
1248 include:

1249 * Risk Management (Article l@' _ - | comment [A105]: Comment R55 (add
i - links to the Protocol’s articles)

1250 » Capacity-building (Article 22);



1252
1253
1254

1255
1256
1257

Page 33

* Public Awareness and Participation (Article 23);
e Socio-economic Considerations (Article 26);
» Liability and Redress (Article 27).

A number of other issues, which are not mentioneithé Protocol (e.g., co-existence, ethical issues)
may also be taken into account in the decision-ngagrocess regarding an LMO in accordance with

a country’s policies and regulations.
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ANNEX: FLOWCHART FOR THE RISK ASSESSMENT PROCESS

OVERARCHING ISSUES

PLANNING PHASE OF
THE RISK ASSESSMENT

R ——

Quality and relevance of
information

The required information in a
risk assessment should be of
acceptable scientific quality.
Such data 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 uncertainties that can have a
significant impact on the
conclusions of the risk
assessment.

Establishing the context and
scope

Establishing the context and scope
for a risk assessment. in line with
the country’s policies and
regulations, 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.

The choice of comparators

Risks associated with an LMO
should be considered in the context
of therisks posed by the non-
modified recipients or parental
organisms in the likely potential
receiving environment.

CONDUCTING THE RISK ASSESSMENT

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

!

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

the likely potential receiving environment
to the living modified organism ™

account the level and kind of exposure of (¢

Step 3: “An evaluation of the

consequences should these adverse effects

berealized ™

t

Step 4: “An estimation of the overall risk posed by the living modified
organism based on the evaluation of the likelihood and consequences of the |
identified adverse effects being realized ™

!

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

F ¥

Evaluate whether the set objectives and criteria were met, and

consider new information or

NO

therisk assessment met?
NO -+

NO -+ orremove identified risks?

» Were the objective and criteria that were set at the beginning of

» Has new information arisen that could change the conclusions? YES
» Have new risk management options been identified that address

t options

- YES

YES

h 4
Related Issues ¢

“Planning phase of the risk assessment” and "Conduttiagisk assessment”, identify andevaluatethe potential adverse effects of LMOs on
the conservation and sustainable use of biologicarsiity in the likely potential receiving environmetaking also into account risks to human
health. As results are gathered at each step amdnfi@mation arises, risk assessments may need ¢tofducted in an iterative manner, where
certain steps may be revisited as shown by the soliddanble-headed arrows. The box around steps 2 asttbwBs that these steps may

v

h

Consideration of Risk M

t Strat

and Decision-making

l...

1 Comment [A106]: Comment R76

(Place the flowchart at the beginning of the
Roadmap to provide an overview to assi
the user )
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1265 sometimes be considered simultaneously or in reversar.obtted arrows indicate the flow to and from issaetside the risk assessment
1266 process.
1267



1268
1269

1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280

1281
1282

1283

1284
1285
1286

1287
1288
1289
1290

1291
1292
1293
1294
1295

Page 36

PART II:
SPECIFIC TYPES OF LMOS AND TRAITS

The guidance contained in this section, Part Ipusth be considered in the context of the
Cartagena Protocol on Biosafety. The elements 6€larl5 and Annex Il of the Protocol apply
to these specific types of LMOs and traits. Accogtly, the methodology and points to consider
contained in Annex Ifft are also applicable to these types of LMOs aritstrihe guidance in
the sub-sections below complements the RoadmapRisk Assessment of LMOSs, giving
emphasis to issues that may be particularly relewdren assessing the risks of the respective
types of LMOs and traits.

Only those considerations that may be particulaglgvant to the specific types of LMOs or

traits dealt with in Part Il are further develogeslow. Considerations that may be more broadly

applicable to different types of LMOs were desdiifie the Roadmap and will not be repeated in

this section.

A. RISK ASSESSMENT OF LIVING MODIFIED PLANTS WITH
STACKED GENES OR TRAITS

INTRODUCTION

Worldwide, a growing number of LMOs with stackedrtsgenic traits, particularly LM plants,
are being developed. As a result, the number akethgenes in a single LM plant and the

number of LM plants with two or more transgenidt&rés growing.

Stacked LM plants can be produced through diffelgmproaches. In addition to the cross-
breeding of two LM plants, multiple traits can behived by transformation with a multi-gene

transformation cassetteetransformation of an LM plant or simultaneotensformation with

different transformation cassettes or vectors.

issues that are of particular relevance to the aiskessment of LM plants with stacked traits
generated through cross-breeding. Some issuesdpl@avered in the Roadmap are further
elaborated on this section in an attempt to empbagioints that may need particular

consideration when assessing risks which may résautt the combination of genetic elements
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from two or more parental LM plants. As such, rslsessments of this type of LM plant follow
the general principles outlined in Annex Il anc tRoadmap, but also take into account the

specific issues outlined in this section of thespré document.

The scope of this document is on stacked LM plgatgerated througbonventional breedingf

two or more parental LM plants that are either lritansformation eventsr already stacked

events. Accordingly, the cassettes containingdmesgenes and other genetic elements that were
inserted in the original transformation events rhayphysically unlinked (i.e., located separately

in the genome) and can segregate independently.

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

with Annex Il of the Cartagena Protocol on Bioggfand as described in the Roadriap.

This guidance also includes considerations for teniional stacked events as the result of
natural crossings between stacked LM plants anérottM plants or sexually-compatible

relatives in the receiving environment.

LM plants that contain multiple genetically-moddidraits or genes but that are the result of a

single transformation event, e.g., througktransformationco-transformatioror transformation

with a multi-gene transformation cassette, arecootred in this part of the guidance document

and would be assessed in accordance with the Rgadma

PLANNING PHASE OF THE RISK ASSESSMENT

The choice of comparators(see “Planning Phase of the Risk Assessment”, “Cheice of

comparators” in the Roadmap)

Rationale:

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

a comparative assessmelnt.the case of stacked LM plants, in addition tongshon-modified

recipient organisms as comparators (see “The clwicemparators” in the Roadmap), the LM

plants that were involved in the cross-breedingcgss leading to the stacked LM plant under
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consideration may also be used as comparators,ppomiate and according to national

regulations.

Where parental organisms have highbterozygous genomes significantly differ from each

other, the resulting offspring may display highiahility and a vast range of phenotypes. In the
case of stacked LM plants, this variability sholbddtaken into account when establishing a basis

for a comparative assessment.

For example, stacked LM plants may be the resuthwoltiple rounds of cross-breeding among
many different genotypes and possibly involve salvstacked events. In such cases, choosing
the appropriate comparators among the single wamstion LM plants and the intermediate
stacked events that gave rise to the stacked LMt plader assessment may not be a straight

forward action and the choice of comparator shbelgustified.

(Near-)isogenic lines to be used as comparatorsibedgicking, and this may present challenges
for data interpretation when conducting the riskeasment of a stacked LM plant. Therefore, in
risk assessment approaches that rely on the (rsgrehnic non-modified recipient organism as
the primary comparator, it may be useful to alse the closest available non-modified genotype

as a comparatdfnformation on the genetic diversity of the reeipti or parental organisms may

be helpful in identifying the best available conadar for a risk assessment when (near-)isogenic

lines are not available. __ { comment [A107): Comment 54

P { Deleted: Points to consider

(@) Level of heterozygosity among the non-modified pemit organisms used to produce

the parental LM plants;

(b) Phenotypic variability among non-modified hybrideguced through crosses between

the non-modified recipient organisms;

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

comparators.
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CONDUCTING THE RISK ASSESSMENT

Sequence characteristics at the insertion sites, m@typic stability and genomic organization

(see “Step 17, “Point to consider (d)” and “Step 5h the Roadmap)

Rationale:

During cross-breeding, changes may occur to theeentdr characteristics of the inserted

genes/genetic elements at the insertion site(sp assult of recombination, mutation and

rearrangements. Transgenes with similar genetinesegs may undergo recombination, since

homologous recombination acts on genomic regiors tlave identical or highly similar

sequence. Multiple inserts with highly similar seques may be less stable and could be more

likely to undergo rearrangements during cross-bngedn many cases, such changes may result

in the loss of the intended phenotype, which inesaises may be relevant for the assessment of

risks.

As with single event LM plants, molecular charaizition of the stacked LM plant may be

carried out in accordance with step 1 of the Roggrpaint to consider (d). If differences in

relation to the parental LM plants are found, iketh and unintended possible adverse effects

need to be assessed. In addition, changes to theeufer characteristics of the transgenes and

other genetic elements may influence the abilitgdetect the LM plant, which may be needed in

the context of risk management measures (see batowell as step 5 of the Roadmap).The

extent to which a molecular characterization ofsteecked LM plant is needed may vary case by

case and should take into account the resultseofish assessments of the parental LM plants.

Elements for consideration

P { Deleted: Points to consider

CY

(b)

Whether or not methods to carry out molecular cdttargation are available, for
example PCR-based methods, and if they are spemiiit sensitive enough for the

characterization of the stacked LM plant;

Phenotypic changes that may indicate underlyinghgésa to any of the transgenes and
genetic elements present in the stacked LM plamt,(éoss of a trait present in the

parental LM plants).
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Potential interactions among the stacked genes, tineresulting phenotypic changes and

effects on the environmen{see “Step 1", “Rotential wint to consider (e)” in the Roadmap)

Rationale:

The expression level of transgenes or endogenaessga a stacked LM plant may be changed
as compared to the parental LM plant dudgréms-regulation Such changes are more likely to
occur if the parental LM plants contain transgeoesegulatory elements that share similarities

among them or with endogenous sequences (e.g.,lsadiag sites for transcriptional factors).

The products of transgenes and endogenous genealsaayteract. This is most likely to occur
if the gene products belong to the same metabatiovrny or physiological process. Some of the
interactions may lead to changes that can be @etehiring the phenotypic characterization of
the stacked LM plant, whereas other interactionyy maet be detectable through a typical
phenotypic characterization. Previous risk assestsra the parental LM plants provide useful
information on the mode of action and molecularrabteristics of the individual genes as a

starting point to assess the potential for intépast

In addition to information about the characterstid the parental LM plant, specific information

on potential for interactions among transgenes athdr genetic elements (e.g., promoters and
other regulatory elements), proteins, metabolitesnodified traits and endogenous genes and
their products in the stacked LM plant should besidered and assessed, paying particular

attention to transgenes that belong to the sanehéiical pathways or physiological processes.

P { Deleted: Points to consider

FElements for consideration .

(a) Effects of the parental LM plants on the environtnen

(b) Information on transcriptional and post-transcaptl regulation of genes and their
products that may be predictive of interactionsveetn the novel and endogenous genes

and/or DNA elements in the stacked LM plant;

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

were stacked;

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

plants and to the non-modified recipient organisms.
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Combinatorial and cumulative effects(see “Step 1", “Point to consider (d) and (q)”, “8p

2", “Point to consider (e)” and “Step 3”, “Point toconsider (b)” in the Roadmap)

Rationale:

An assessment of the risks of a stacked LM planatese combinatorial and cumulative effétts
should be considered in the context of the closglBted non-modified recipient organism(s) and
the parental LM plants in the likely potential redeg environment, taking into account the

results of the genotypic and phenotypic assessnoeititaed above.

Combinatorial effects may occur due to interacti@mong the proteins and metabolites
produced by the transgenes or endogenous genessta#cked LM plant. For example, the
stacking of various insecticidal proteins in an Ipgiant could have a synergistic effect on non-
target organisms that could be broader than theduime effects of the individual parental LM
plants. Likewise, the evolution of resistance ingéh organisms (e.g., insect pests) to such
stacked LM plants could happen faster than the Idpueent of resistance to the parental LM

plants.

The risks of multiple stacked LM plants being awdted in the same environment to cause
cumulative adverse effects (e.g., due to changesgricultural practices) may also be

considered.

An assessment of potential combinatorial and cutivel@ffects may be performed, for instance,
by conducting specific tests with the stacked LMnp{s) such as compositional analyses and
toxicity tests on target and non-target organisthere appropriate, in-depth genotypic and

phenotypic characterization of the stacked LM plaay be conducted.

P { Deleted: Points to consider

Elements for consideration

(a) Effects of the use of pesticides, other chemicaksgoicultural practices commonly used

in the cultivation of the parental LM plants;

(b) Phenotypic characteristics compared to the paréhtplants and to the non-modified

recipient organisms;

2 see definitions in the “Use of Terms” section.
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(©

(d)

Interactions between the stacked transgenes erghmucts, or interactions among the
physiological pathways in which the transgenesimavelved, taking into account the
possibility that these interactions could resultpwtentially harmful substances (e.g.,
anti-nutritional factors), some of which may petrsis accumulate (e.g., via the food

chain) in the environment;

Combinatorial and cumulative effects arising frohe tpresence of two or more
insecticidal proteins that could result in increhsexicity to non-target organisms or

faster development of resistance in the targetrosgas.

P { Deleted: Points to consider

“(m)”, “Step 27, “ Element for consideratig(f)”, “Step 3", “ Element for consideratip(f)” in :/{Deleted: Point to consider

the Roadmap)

o ‘[Deleted: Point to consider

Rationale:

Due to genetic recombination, the offspring of assing will have combinations of genes that

differ from those found in either parent. In theseaof stacked events, the number of new

combinations of transgenes that may result fromoascwill depend on the number transgenes

involved in a crossing, their location in the geroamd their distance from each other. __ - { comment [A108]: Comment S37.

)

As a resulta set of new stacked LM plants may arise in the emvirent through crossings

between a stacked LM plant and other LM plants.c8ssive crossings with non-modified

sexually-compatible relatives in the receiving eoriment may also result in the stacking of

genes and traits. These crossings can either béataedoy man or occur naturally through

pollination and may result in a range of new stack® plants containing new and/or different

combinations of transgenes and other genetic elesnen

The larger the number of different sexually-compatiLM plants, stacked or not, being

cultivated in the same environment, the more viariat and complexity of new stacked LM

plants may occur. The presence of sexually-comigatiM plants being cultivated in the likely

potential receiving environment of the stacked Linp under consideration is to be taken into

account when establishing risk scenarios or hypatheuring step 1 of the risk assessment.

Elements for consideration

_ { Deleted: Points to consider

@)

Presence of other single-event and stacked LM plafrthe same species;
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(b) Possible new combinations of transgenes and otivegtig elements should the stacked
event under consideration cross, intentionally mintentionally, with other LM plants,

stacked or not, or with non-modified relatives;

compared to the non-modified recipient or pareatghnisms, invasiveness, effecis

non-target organismsllergenicity and toxicity to humans | - - { comment [A109]: Comment s21

)

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

with different combinations of transgenes and DM#gfments.

Methods for distinguishing the combined transgenes a stacked event from the parental
LM plants (see “Step 57, “Point to consider (b)” in the Roadm)

Rationale:

In the context of paragraphs 8(f) and 9(f) of Anniéxof the Protocol, some of the risk

management strategies for stacked events may eequithods for the detection and
identification of these LM plants in the contexteafvironmental monitoring. Currently, many

detection methods for LM plants rely on DNA-basedhniques, such as polymerase chain
reaction (PCR) or protein-based ELISA tests.

Several of the current PCR-based detection methoelsdesigned to be specific to a single
transformation event. While these methods may bed ue detect and identify single

transformation events, when the analysis is caroigdin bulk (i.e., mixing material collected

from various test individuals), these methods artesensitive or specific enough to differentiate
between single transformation events and a staekedt arising from a cross between these
single transformation events. For example, althoggime software may help predict the
presence of stacked LM seeds in a bulk sarntpgke not possible to unequivocally distinguish a
sample containing material from different singlansformation events from another sample

containing one or more stacked LM events.

PCR-based detection methods that are specificstoghe transformation event often rely on the
amplification of DNA sequences that flank the iner sites and that are unique to a single
transformation event. In the future, it may becamehallenge to detect single transformation

events produced through site-specific insertionsabse the flanking sequences could be the
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same among different LMOs. This could become chglteg particularly in cases where the

stacked event contains multiple transformation ettss with similar DNA sequences.

Based on the considerations above, the detectiomach and all individual transgenes in a
stacked event, if needed or required, may becomehallenge and may need special

consideration.

EIements for consideration - { Deleted: Points to consider

(@) Level of similarity/difference between differenaisformation constructs in the stacked
LM plant;

(b) Availability, specificity and reliability of methadto detect stacked LM plants in the

context of risk management strategies.

BIBLIOGRAPHIC REFERENCES

See references relevant tRisk Assessment of Living Modified Plants with I&dcGenes or
Traits”

http://bch.cbd.int/onlineconferences/ra_guidanderesaces.shtml
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B. RISK ASSESSMENT OF LIVING MODIFIED PLANTS WITH TOLE RANCE TO
ABIOTIC STRESS

INTRODUCTION

While the same general principles used in the aiskessments of other types of LMOs also
apply to LM plants with increased tolerance to &ibistress” there are a number of specific
issues that may be of particular importance whesesssng the risks of LM plants tolerant to

abiotic stresses.

As outlined in the section on “Establishing the testh and scope” and in step 1 of the Roadmap,
identifying protection goals, assessment endpants establishing scientifically plausible risk

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

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

environment, and the associated need to desigopegy controlled field experiment.

In plants, any gene (or gene product) or gene coatioins providing increased tolerance to
abiotic stress may haygeiotropic effectson the stress physiology of the plant. For example
drought, temperature and salt stress are interctetheby common metabolic and signal
transduction pathways. Such pleiotropic effects rbayclassified as "unintended predicted
effects" (see the Roadmap, step 1) and may be atedluduring the risk assessment by
considering thecross-talkmechanisms between different stress responsdseqgblant, and by
evaluating whether or not the identified changey pause adverse effects. Disciplines such as
plant physiology, plant pathology and entomologyynpaovide useful context based on non-
modified crops to clarify cross-talk mechanisms agabiotic stress responses and how these
responses may change susceptibility to biotic steée.g., predators, pests and pathogens) in an

LM plant that is tolerant to abiotic stresses.

2 For the purpose of this guidance, “abiotic stresaes non-living environmental factors which areraeental to or inhibit
the growth, development and/or reproduction ofvindgj organism. Types of abiotic stresses include,example, drought,
salinity, cold, heat, acidic or basic soils, saillption and air pollution (e.g., nitrous oxidegome, high C@ concentration).
Increased tolerance to abiotic stress has long adarget of plant breeders working towards impdowmps that would be able
to cope with the stress. In the context of thisumheent, herbicides are not considered a type ofiatstress.
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The stress tolerance of the LM plant should besseskwith respect to an appropriate range of
potential environmental conditions that reflect gutential conditions to which the LM plant is
likely be exposed, including for example variatiarthe duration and periodicity of the stressor
(e.g., drought, flood, suboptimal temperaturesngglor heavy metals). These variations pose
difficulties for (i) controlling and measuring cdtidns in field experiments and (ii)
characterizing the phenotype of the LM plant itselfiich in many cases may be subject to the

interaction between external and physiological petars.

Some of the issues that could arise from the inictbdn of LM plants tolerant to abiotic stress
into the environment and which may lead to advefects include, for example: a) increased
selective advantage(s), other than the intendesraote trait, which may lead to potential
adverse effects (e.qg., resulting from the introiuncof a transcription factor affecting more than
one trait); b) increased persistence in agricultaraas and increased invasiveness in natural
habitats; ¢) adverse effects on organisms expasttetLM plant; and d) adverse consequences
of potential gene flow to wild or non-modified rélees. While these potential adverse effects
may exist regardless of whether the tolerant plana product of modern biotechnology or
conventional breeding, some specific issues magnbee relevant in the case of abiotic stress

tolerant LM plants.

In this context, questions that may be relevanhéorisk assessment of LM plants with tolerance

to abiotic stress in connection with the intendse and the receiving environment include:

. Does the tolerance trait have the potential tocaftgher tolerance and/or resistance

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

. Does the tolerance trait have the potential to €aars increase of the invasiveness,
persistence or weediness of the LM plant that caadse adverse effects to other

organisms, food webs or habitats?

. Does an LM plant arising from outcrossing with #igiotic stress tolerant LM plant
have the potential to change or colonize a habitatécosystem beyond the intended

receiving environment?

. Does an LM plant expressing tolerance to a padicabiotic stress have other

advantages in the targeted receiving environmetabuld cause adverse effects?

. What are the adverse effects in regions that hatebeen exposed to commercial
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agriculture but may become exposed to stress tuléM plants?

The following sections elaborate on specific isshe$ may be taken into account, on a case-by-
case basis, when assessing the risks of LM plahsant to abiotic stress and the potential
adverse effects to conservation and sustainablefusiediversity, taking also into account risks

to human health.

PLANNING PHASE OF THE RISK ASSESSMENT

The choice of comparators(see “Planning Phase of the Risk Assessment”, “Cheice of

comparators” in the Roadmap)

Rationale:

As outlined in the Roadmap, the first step in thgk rassessment process involves the
characterization of genotypic or phenotypic changdtber intended or unintended, associated
with the abiotic stress-tolerant LM plant, that ntegve adverse effects on biodiversity in the

likely potential receiving environment, taking irdocount risks to human health.

The identification of genotypic and phenotypic ohes in the abiotic stress tolerant LM plant,
either intended or unintended, is typically carrimat in comparison with the non-modified
recipient organism and/or plants which are not LMR@g exhibit a similar abiotic stress
tolerance. The non-modified comparator provides Mlaseline information for comparison
during trials when it is grown at the same time kogtion as the LM plant. Comparisons should
also be made, as appropriate, in a range of emaeats with different stressor intensities and

durations.

While the comparative approach should be used sesaswhether or not the LM plants with
tolerance to abiotic stress have increased fitrembgantages under non-stress conditions,
additional approaches (and comparators) for riskessment need to be implemented for

assessing potential adverse effects under abtotisss

LM plants with tolerance to abiotic stress may presspecific challenges in the experimental
design to generate data for the risk assessmemsbrie cases, for instance, an approach uses
different reference plant lines, which typicallglinde a range of genotypes representative of the

natural variation in the plant species. Another omignt consideration is whether the
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1595 experimental design is properly controlled for #ff=ct of the abiotic stress trait. In the extreme
1596 case, when the non-modified plant cannot be gromthé range of conditions of the receiving
1597 environment because the abiotic stress conditioegept or severely affect the growth of the
1598 non-modified plant, a comparative approach betwbenLM plant and the non-modified plant
1599 will need to be adjusted. In such cases, non-nmediifiarieties or distant relatives that are
1600 tolerant to abiotic stress may become useful coaipes. It is noted however that, in situations
1601 where the non-modified recipient organism, or (Résogenic or closely related lines cannot be
1602 used for a comparative risk assessment, the usemisogenic lines or distant relatives as

1603 comparators can make it more difficult to idensfgtistically meaningful differences.

1604 In situations where a suitable comparator is natilable, the characterization of the abiotic
1605 stress tolerant LM plant may be similar to thatriear out for alien species, where the whole

1606 plant is considered a novel genotype in the reegi@nvironment. On a case by case basis,

1607 | available information ,from “omics” _technologies for example, “transcriptomics” and. - { Deleted: available

1608 | “metabolomics”, may help to detect phenotypic anthpositional changes (e.g., the production- { Deleted: as it becomes available,

1609 of a novel allergen or anti-nutrient) that cannetdetected using a comparison with field grown

1610 plants under suboptimal conditions.

1611 Where non-modified organisms are unsuitable as eoaprs, insight may be gained by

1612 comparing LM individuals grown under stress to undiials grown under normal conditions.

P { Deleted: Points to consider

1613 | Elements for consideration B

1614 (a) Characteristics of the LM plant with and withoue timfluence of the abiotic stress or
1615 other stresses, if applicable; and
1616 (b) Whether comparators that can generate meaningfalade available and can be used

1617 in appropriately designed experiments.
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CONDUCTING THE RISK ASSESSMENT

Unintended characteristics including cross-talk beteen stress responsesee “Step 1" in

the Roadmap)

Rationale:

The abiotic-stress-tolerant LM plant may have cti@mstics such as tolerance to other types of

biotic and abiotic stresses (i.e., cross-talk inchemical signalling), which could lead to a

selective advantage of these plants under streghtimms other than that related to the modified

trait. For instance, plants modified to become rtoié to drought or salinity may be able to

compete better than their counterparts at lower hagher growing temperatures. The

characteristics of an LM plant with increased talere to an abiotic stress may affect its general

biology (e.g., if the genes alter multiple chardste&es of the plant) or its distribution range in

the likely potential receiving environment, whichayncause adverse effects. Other changes

could influence seed dormancy, viability, and/orngi@ation rates under other types of stresses.

Particularly in cases where genes involved in &bgttess are also involved in crucial aspects of

physiology, modifications involving these genes ntewe pleiotropic effects. If the stress

tolerance trait leads to an increased physiolodiitaéss, introgression of the transgenes for

stress tolerance may occur at higher frequenca@sabserved among non-modified plants.

The response mechanisms to abiotic and biotic seseth plants may have interactions and

cross-talk mechanisms. For that reason, an LM phemdified to acquire drought or salinity

tolerance may, for example, also acquire modifaterance to biotic stresses, which could result

in changes in interactions with its herbivores ggétoids and pathogens. Such cross-talk between

the different types of stress-response mechanismis ctherefore, have both direct and indirect

effects on organisms that interact with them.

Elements for consideration

_ { Deleted: Points to conside

(b)

Any intended or unintended change that may leadsétective advantage or
disadvantage acquired by the LM plant under othéot& or biotic stress conditions

that could cause adverse effects;

Any change in the resistance to biotic stressesandthese could affect the population

of organisms interacting with the LM plant; and
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(c) A change in the substances (e.g., toxin, allergenutrient profile) of the LM plant that
could cause adverse effects.
Testing the living modified plant in representative environments (see “Step 1" in the
Roadmap)
Rationale:

LM plants with tolerance to abiotic stress are nied to be cultivated under abiotic stress

conditions. Therefore, in accordance with the galngrinciples of Annex Il to the Protocol that

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

the assessment of potential adverse effects of late with tolerance to abiotic stress be

conducted in relation to the ‘likely potential readeg environment’ of the LM plant under

conside

ration.

Regional variation and differences in receiving imnments that may influence the

characteristics and the behaviour of the LM plavall as its interactions with the environment

should be taken into account during the risk assess Regions and locations where data are

collected or field trials are conducted should espnt the range of agricultural, plant health and

environmental conditions the LM plant is expece@ncounter.

Different environments may be distinguished, foaraple, by differences in flora and fauna, soil

property/chemistry, agricultural practices, climatind geographic conditions, etc. Relevant

characteristics of a specific region such as alitial practice, climatic and geographic

conditions should be determined at the start ofrigle assessment as these characteristics may

lead to differences in potential adverse enviroraleaffects which only become evident if

assessed on a regional level.

Elements for consideration

The likely potential receiving environment whergesure to the LM plant may occur
and its characteristics such as information on ggggcal, climatic and ecological
characteristics, including relevant information linlogical diversity, centres of origin

and centres of genetic diversity;

_ { Deleted: Points to consider
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(b) Regional variation and differences in the likelytgtial receiving environments that
may influence the characteristics and the behawibuhe LM plant with tolerance to
abiotic stress including, for example, agricultupgictices and agronomic structures
(e.g., input of nitrogen fertilizers), cultivatisystems (e.g., low-tillage farming), crop
rotation practices, climatic conditions, occurreméenon-target organisms, as well as

other abiotic and biotic conditions;

(c) Locations where field trials have been conductedgémerate data for the risk
assessment, if applicable, and how the conditidriheofield trials represent the range
of conditions expected in the likely potential neggg environment(s) in different

regions;

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

these species;

(e) How the LM plant behaves when the tolerance tsihat expressed because of the

absence of the stressor, e.g., drought toleranderurormal water regimes.

Persistence in agricultural areas and invasiveness natural habitats (see “Step 1”7, “Step

2", * Elements for consideratigib), (f) and (g)”, and “Step 4", ‘Element for consideratip(e)” 4/ - { Deleted: Points to consider

o {Deleted: Point to consider

in the Roadmap)

Rationale:

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

environments.

In the event where the modified gene is a trangoripfactor conferring tolerance to abiotic
stress, the transcription factor may also affeetrdtsponse mechanisms to other forms of abiotic
stress. For example, the seeds of a plant modifiedrought or salinity tolerance may acquire in

addition tolerance to cold resulting in an increasénter survivability of the seeds. Therefore,
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an abiotic stress-tolerant LM plant may acquire pmtential to persist better than its non-

modified counterpart and other species under diffeabiotic-stress conditions.

Most tolerance traits can be expected to have ddimodic cost” associated with them — usually
an energy cost — which may impact the potentiattierplant to persist under conditions of low
selection pressure (i.e., low abiotic stress). fitetabolic cost can have a significant impact on
the potential of the LM plant to survive and pdr@isan environment over time and should be
taken into account when assessing the potentitieoLM plant to persist in agricultural areas

and natural habitats.

P { Deleted: Points to consider

FElements for consideration

(@) Consequences of any increased potential for pernsist of the modified plant in

agricultural habitats, and invasiveness and persistin natural habitats;

(b) Need for and feasibility of control measures if thieiotic stress-tolerant LM plant
shows a higher potential for persistence in agucal or natural habitats, that could

cause adverse effects;

(c) Characteristics, such as prolonged seed dormameyg, dersistence of seeds in the soil,
germination under a broad range of environmentaditions, rapid vegetative growth,
short lifecycle, very high seed output, high seésparsal and long-distance seed

dispersal;
(d) Effects of climate change that could change théogomal range of the LM plant; and

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

expressing tolerance to abiotic stress.

_ { Deleted: Points to consider

Effects on the abiotic environment and ecosystelisee “Step 3", ‘Elements for consideratipn -

(a) and (e)” in the Roadmap)

Rationale:

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

environmental conditions.
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The development of LM plants with tolerance to &bistress(es) may allow for an expansion of
arable lands and cultivation areas of these plentsatural environments. The increase in the

area of land for agriculture and consequencesaaiV@rsity should be assessed.

The cultivation of LM plants with tolerance to atho stress may lead to changes at the
ecosystem-level, for example by allowing certaistpeassociated with the LM plant species to

breed in ecosystems where they were not previqusiyent.

Elements for consideration - { Deleted: Points to consider

(@) Changes in the geography, and extension of arabtis|

(b) Agricultural practices related to the LM plant anow these may change the abiotic
environment and ecosystem;

(c) Modelling tools, if available, to predict how thkamges in agricultural practices due to
the LM plant may affect the abiotic environment.
BIBLIOGRAPHIC REFERENCES

See references relevant tRisk Assessment of LM plants with Tolerance to ti&bistress:

http://bch.cbd.int/onlineconferences/ra_guidanceresaces.shtml
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1756 C. RISK ASSESSMENT OF LIVING MODIFIED TREES

1757 BACKGROUND

1758 | During its eighth and ninth meetings, the Confeeeaf:the Parties to the CBD recognized “thé | seven thematic programmes of work under
S e e s e s e e e s e e e e e e e e e e e e e e s S s s e s s s s s e e s s e S e e e the Convention on Biological Diversity

_-| Deleted: Forest biodiversity is one of th
(CBD).

1759 uncertainties related to the potential environmesuta socio-economic impacts, including long-
1760 term and transboundary impacts, of genetically fiedlitrees on global forest biological
1761 diversity”, recommended “Parties to take a precenatry approach when addressing the issue of
1762 genetically modified trees”, and urged Parties idartake a number of actions with regard to
1763 LM trees, such as “to develop risk-assessmentriaitgpecifically for genetically modified
1764 | trees"®|Moreover, forest biodiversity is one of the sewkematic programmes of work under
1765 | the Convention on Biological Diversity (CBD).

- {Comment [A110]: Comment T 45. J

1766 SCOPE

1767 According to the Food and Agriculture Organisatadrthe United Nations (FAQO), a tree is: “a
1768 woody perennial with a single main stem, or, in¢hse of coppice, with several stems, having a

1769 more or less definite crowrf. This guidance focuses on true botanical treesdaes not cover

1770 | any additional species such as palms, bamboosrantss - - comment [A111]: Comment T20. |

~ { Deleted: )
1771 INTRODUCTION #
1772  Tree species belong to many different taxonomiednd families of angiosperms (flowering
1773 plants; e.g., mahogany, poplar, apple) and gymmospé'naked seed” plants; e.g., pine, spruce,
1774 | cedar). Trees differ fromther, plants such as annual crogdiie tocharacteristics such as size, - { Deleted: annual crop )
1775 perennial growth habit with a long lifespan, anthged onset of reproductive maturity. [ peteted: by )
1776
1777 High fecundity together with seed dormancy, manthways for dispersal of propagules, and
1778 high seed viability are important aspects of thereductive capacity of many, although not all,
1779 | tree speciesMoreover, the potential for vegetative propagationcertain trees raises the
1780 | possibility that new individuals can be establisfreth branches orrdots. -~ { comment [A112]: Comment T18

% gee COP decisions VII/19 paragraphs 2 anitf:{/www.cbd.int/decision/cop/?id=1108and IX/5 paragraphs 1(s)-(z)
(http://www.cbd.int/decision/cop/?id=116/8

2 “Training manual on inventory of trees outside  refds (TOF)” available at
ftp://ftp.fao.org/docrep/fao/006/AC840E/AC840E.pdf

2 The biology of trees is relevant for risk assessmiot all aspects of trees biology or use areumito them or shared by
all trees but are discussed here to focus theasskssment of LM trees.
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Because of their perennial growth and, in manysdsag lifespan and large size, trees develop

complex_direct, indirectand multi-level ecological interactions with othenganismsranging -

from decomposers to birdmdfrom insect pollinators to large-wild animalEhose interactions

may span over several generations of the otheiiespédhey have shorter lifespans. Moreover,- {comment [A113]: Comment T44.

{ Deleted: may

_ - -| Deleted: ,. These interactions can

involve, either directly or indirectly,
organisms

T { Deleted: ,

the root-systems-of treasmn-be- extensive-andre-often associated-with -micreorganisms and { Deleted: T

fungi, such as mycorrhizae (symbiotic associations)

Regarding reproductive maturity and breeding systemany tree species undergo a distinct
juvenile phase which may last from several yearsntwe than a decade before the onset of
reproductive maturity. As a result, some tree sgmbave gone through only a limited number of
breeding cycles by the time they are planted fonroercial purposes. Additionally, some tree

species are dioecious (i.e., plants that are eittae or female) and cannot undergo selfing (i.e.,
common practice for increasing homogeneity of margps), leading to the increased use of
methods for vegetative propagation to ensure umitgrof the propagated trees for plantation

use. By using cuttings from some tree speciesaitiqular some fruit trees, a desirable selected
genotype may be grafted onto a rootstock of a diffegenotype. For many forest and fruit tree

species, clonal multiplication of identical indivials can be achieved through regeneration of

entire trees from vegetative propagules such amgator somatic embryos.

Tree species and genotypes are highly diverse a&hibiea wide range of distribution and
complex associations with other organisms, as wsll significant ecological, economic,
environmental, climatic and socio-economic vald&sit, ornamental, and forest tree species of
economic interest grow in various regions of therldvdrom temperate to tropical climates.
Thirty one per cent of the total global land areanore than 4 billion ha, is covered by forests.
Minimally managed forest habitats and non-manageedsts like tropical rainforests or boreal
forests are of high conservation value. Accordinghany countries regard trees as important
components of biodiversity and have protection gjoa ensure their conservation. Such
protection goals should be taken into account wassessing the possible adverse effects of LM

trees and emphasis should be given to the precamyi@pproach.

A number of LM trees have been developed through ube of modern biotechnology and
introduced into the environmefit.The majority of these LM trees are species of enun

interest used in managed orchards, forests andafitaims. The modified traits include herbicide

29 gee the LMO registry in the BCHt{p://bch.cbd.int/database/organisyresid background documents for this section.

h ‘[ Deleted: may

o
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tolerance, wood composition (e.g., lignin), growglte and phenology (including flowering and

fruiting), resistance to pests and diseases, aiati@btress tolerance.
PLANNING PHASE OF THE RISK ASSESSMENT

The choice of comparators(see “Planning Phase of the Risk Assessment”, “theice of

comparators” in the Roadmap)

Rationale:

As with the risk assessments of any other type MDI. a comprehensive planning phase is

needed to define, among other things, how a cortiparapproach can be carried out in the ris

assessment of an LM tree.

In instances where LM tree species have a longdda and high potential for dispersal

k

outcrossing and establishment beyond the intenéegiving environment (e.g., into natural or

less managed ecosystems) should be taken intoraccou

In forestry, the use of well adapted provenances, frees that have evolved or been bred with

in

the region where they will be grown commercigfyy of great importance because they may

show better adaptive capabilities and consequeb#jter performance than unselected

germplasm3:- These regional provenances, whether naturally rdegy domesticated or

introduced but locally bred and adapted, may peagpropriate comparators for LM trees in

accordance with national protection goals and dooest management practices.

For those LM tree species for which there is little no information with regard to their

ecological functions and interactions in the likepotential receiving environment, the

the LM tree _may involve a high degree of unceriaimthich must be described in the

conclusions of the risk assessment and communitateeicision makers

Elements for consideration -

30 A comparable concept for crop plants would beaeaily adapted crop varieties.

31 For example the Ministerial Conference on the dution of Forests in Europe recommended “Nativeciggeand local
provenances should be preferred where appropiiée use of species, provenances, varieties or gestyutside their natural
range should be discouraged where their introdoctiould endanger important/valuable indigenous stesns, flora and
fauna”.
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(@) Availability of information and knowledge of thedbdbgy and ecological interactions of
the species and/or genotype (including regionavgmances or ecotypes as appropriate)

that can be used as a comparator;

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

in the appropriate experimental design;

(c) Design of field trials in relation to establishedthodologies for the non-modified trees,
including for example the length of the period efowering, the length/age of trials,

testing in different environments and exposure titiple biotic and abiotic stresses.

CONDUCTING THE RISK ASSESSMENT

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

practices and may be taken into account on a casade basis.

Presence of genetic elements and propagation mette@ee “Step 1”, “Point to consider (b)”

in the Roadmap)

Rationale:

The transformation method used may lead to theepaes of modified genetic elements in an
LM tree that could be linked to potential adverffeas (e.g., some antibiotic resistance genes).
The cross-breeding process (including back-cro¥singn option to reduce the presence of such

genetic elements.

Many tree species have a long juvenile period &dthe purposes of forestry and plantations,
their multiplication is typically achieved througiional and vegetative propagation. In such
cases, the removal of undesirable genetic elenehf¥l trees through cross-breeding would not

be feasible.
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1874 | Elements for consideraton __ - { Deleted: Points to consider
1875 (@) Transformation methods used which may possibly lEadhe presence of genetic
1876 elements that may have an adverse effect;

1877 (b) Propagation method(s) used — cross-breeding (imgduthe degree of back-crossing, if
1878 possible, in that species) and/or vegetative praiag

1879 Long lifespan, genetic and phenotypic characteris@n and stability of the modified genetic

1880 elements(see “Step 17, “Point to consider (d) and (e)” iimn¢ Roadmap)

1881 Rationale:

1882 In unmanaged ecosystems, the lifespan of some ¢egesange from several decades to several
1883 centuries or longer. Such trees can tolerate aagtad the different biotic and abiotic conditions
1884 they encounter during their lives. The phenotyiaracterization of an LM tree should consider
1885 its developmental stage and a range of environrheatalitions. To the extent possible, it may
1886 also be important to consider whether and how mamagt practices, that could affect the

1887 characterization of the LM tree, would change diree.

1888 Taking into account the long lifespan of some treeasnsgene instability, including those
1889 causing gene silencing and variable expressioridesbould be considered in the context of its
1890 possible relevance for risk assessment. Similg@netic/environmental interactions, that may
1891 play a role in the expression level of the tranggeshould be duly considered. Consequently, an
1892 assessment of the stability of the transgenes lagid levels of expression at different points
1893 during the lifespan of the LM tree may be importamnsiderations, in particular where
1894 transgenic approaches are used for containmeregiea (e.g., male sterility or ablation of floral
1895 organs).

1896 Due to the large size and long lifespan of mang pecies, data obtained from glasshouse
1897 experiments may be limited with regard to, for epéen the number of generations and
1898 experimental replications that can be observeds Thdy present a challenge when the risk
1899 assessment of an LM tree calls for data to refleeichanging characteristics of the LM tree and

1900 | the likely potential receiving environment over éinThe risk assessment of LM trees may

1901 | benefit from a broader approach using mathematicalelling. - { Comment [A115]: Comment T3.

1902
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Elements for consideration -

(@) Changes in the interactions with other organismd,@anges in the ability to maintain

role and function in ecosystems;

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

developmental stages;

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

time;

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

abiotic stresses).

Dispersal mechanismgsee “Step 1", and “Step 27, Elements for consideratip(d), (e) and |
(h)” in the Roadmap)

Rationale:

p { Deleted: Points to consider

p { Deleted: Points to consider

-

Forest trees, like other plants, have developeatiaty of ways to reproduce and disseminate via

seeds, pollen and/or vegetative propagules. Trées produce large amounts of pollen and seed

per individual and propagules may be designed teaspover long distances (e.g., by wind

water, or animals including insects). The potential vegetative propagation in certain trees

raises the possibility of establishing new indiatiufrom branches or root parts.

Seeds inside fruits may travel as commodities atdbe globe and be released at the place

of

consumption such as road margins, railways or starareas, as well as in farmers’ fields and

local gardens.

Many trees are capable of vegetative propagationchwiincreases the exposure of the

environment, both in terms of time and space, @algily in the case of large trees with a long

lifespan. Therefore, the potential for and means vefetative propagation are relevan

considerations during the risk assessment of Ligstre

Elements for consideration: -

(@) Available information on the dispersal mechanismd gability of pollen and seed for

the non-modified and LM tree species;

t

p { Deleted: Points to consider
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(b) Potential for and mechanisms of vegetative propagah the non-modified and LM

tree species;
(c) Climatic conditions, or management practices tifatareproductive biology;

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

consumption of fruits);

(e) Expansion of the distribution area of an LM treeedip dispersal mechanisms

throughout its lifespan.

p { Deleted: Points to consider

The likely potential receiving environment(s)(see “Step 17, ‘Elements for consideratipff) -~

Rationale:

The identification and characterisation of likelptential receiving environment(s) may be
dependent on the LM tree in question, its habithes traits and modified characteristics and its
mechanisms for dispersal. With some trees the sitienf management in the likely potential

receiving environment may be less than for someialnplants. The domestication level of some
forest trees may be low and trees can often sumitteout human intervention. Therefore, the
potential for dispersal of propagative materialoirgnvironments other than the intended

receiving environment is an important consideratioring the risk assessment.

Many tree species (e.g., poplars and eucalyptuspoapagate through vegetative means. When
characterizing the likely potential receiving eviment during the risk assessment of such an
LM tree, the movement of seeds as well as the mewnemf vegetative propagules should be
taken into account. Issues related to unintentitra@sboundary movements may also be taken
into account in cases where LM trees could crogeme boundaries through, for example,
pollen or seed dispersal by physical and biologieadtors, including the international trade of

fruits with seeds.

p { Deleted: Points to consider

Elements for consideration .

(@) Environments and their degree of management whitér the potential for seeds

and/or vegetative propagules to establish;
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(b) Presence and proximity of species in the receieimgronment with which the LM tree
may hybridize;
(c) Proximity of protected areas, centres of origin gjahetic diversity or ecologically

sensitive regions;

(d) Ecosystem functions and services of the potergizgiving environment (e.g., relevant

components of food webs);

(e) Change in landscape patterns and sensitivity ofréleeiving environment to human

activities.

p { Deleted: ,

-

Exposure of the ecosystem to living modified treeend potential consequencesee “Step 2 |

and “Step 3” in the Roadmap)

Rationale:

Some trees remain relatively undisturbed for muctheir life cycle and may engage in a variety

of ecological interactions, such as providing hathbibr other organisms and functioning as part
of complex and elaborate food webs. In determittireglikelihood of an adverse effect of an LM

tree, an assessment of the exposure to the LMstraa@ld take into account the expected duration
of the trees’ presence in the receiving environméme nature of the transgenic traits, the
intended use of the LM tree (e.g., processing,etnamites), as well as dispersal mechanisms.
Given the late onset of reproductive maturity ohamber of tree species, pollen and seed

production may not occur during field trials.

The expansion of tree cultivation areas for biogpemay also increase the diversity of

environments exposed to LM trees including thosédifiea to mitigate potential invasiveness.

El ts f id ti . { Deleted: Points to consider
ements 1or consiaeration -

(a) Duration of the presence of the LM trees in theliipotential receiving environment;

(b) Persistence and potential long-term adverse eftd@dtise LM trees in the environment

including potential for the non-modified recipi@rganism to be invasive;

(c) Consequences of the modified trait on invasive atteristics;
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(d) Long-term interactions that could lead to adverf$ects to other organisms including

via food web interactions;

of the cultivation of LM trees J

)

Risk management strategiegsee “Step 4", “Point to consider (e)” and “Step 5in the

Roadmap)

Rationale:

The need for risk management strategies designdddrees will depend on the results of risk
assessment, and may vary depending on the LM tret¢he conditions under which it is grown.
When the recommendations of the risk assessmeluidmeneasures for limiting or preventing
dispersal of forest or plantation LM trees, straegthat may be used include delaying or
preventing flowering (e.g., fast-growing trees farlp or biomass/bioenergy production being
cut before reaching the reproductive phase) aniddital confinement (e.g., induction of male
sterility or flower ablation). While complete floweblation is not desirable for many fruit or
horticultural tree species, male sterility may Ipprapriate in some species (e.g., apples) where
pollen from a different variety (which could be mowdified) is usually required. However,
male sterility approaches will not prevent the paitbn of seeds by LM trees fertilized by
fertile trees. Where applications involve genetiodification of only the rootstock in grafted
trees, dispersal may be managed by ensuring tleatrdbtstocks do not produce shoots or

flowers.

p { Deleted: Points to consider

Elements for consideration .

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

(b) Degree and type of management (e.g., grafting wf frees, rotation period of forest

trees);

(c) Specific effects and risks of any containment stgatachieved through the use of

modern biotechnology.

BIBLIOGRAPHIC REFERENCES



2023
2024

2025
2026

See references relevant Risk Assessment of LM Tr&es

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

Page 63



2027

2028

2029
2030
2031
2032
2033
2034
2035

2036
2037
2038

2039
2040

2041
2042
2043
2044
2045
2046
2047
2048
2049
2050

2051
2052
2053
2054
2055

Page 64

D. RISK ASSESSMENT OF LIVING MODIFIED MOSQUITOES

INTRODUCTION

Living modified (LM) mosquitoes are being develoghtugh modern biotechnology to reduce
transmission of vector-borne human pathogens,quéatily those that cause malaria, dengue and
chikungunya. Control and reduction of such diseases recognized public health goal. The
impacts of such diseases on human health are staggEor instance, in 2008, there were 247
million cases of malaria and nearly one million ttled Therefore, specific and comprehensive
considerations should be undertaken with regattiegootential benefits and adverse effects of

LM mosquitoes.

The biology and ecology of mosquitoes, on the omedhand their impact on public health as
vectors of human and animal diseases, on the dthed, pose specific considerations and

challenges during the risk assessment process.

Two strategies of modern biotechnology, namely-eliting and self-propagating strategies,

are being developed to produce LM mosquitoes térabwector-borne diseases.

Self-limiting strategies are being developed totanmosquito vectors by suppressing their
population or reducing their competence by develppiM mosquitoes that are unable to
produce viable offspring. This can be achieved,rstance, by interrupting larval development
of the offspring. As such, LM mosquitoes developgter self-limiting strategies are not
expected to pass the modified trait to subsequememgtions. Modern biotechnology techniques
for the development of self-limiting LM mosquitog®pulations (e.g., “Release of Insects
carrying a Dominant Lethal” or RIDL) are differeinom those based on the use of irradiation to

induce male sterility because they aim to producpufations that ardehaviourally sterile

Other self-limiting strategies target metabolic ggeses of the mosquito vectors and aim at

lowering their fithess and thereby reducing theipylations.

Self-propagating strategies, also known as selagiag strategies, rely ogene-drive systems

that promote the spread and persistence of thesgeme through populations of the same
mosquito species. As opposed to the self-limitittgtegy, the modifications in LM mosquitoes
produced through self-propagating strategies a@ended to be heritable and to spread through

the target population and, thus, to persist inetesystem at least for the medium term. Hence,

32 WHO (2010) Malaria fact sheet. Availablehip://www.who.int/mediacentre/factsheets/fs094/en/
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the objective of self-propagating strategies is ithplacement of the non-modified mosquito
population by the LM mosquitoes that have been fiemtlito render them less capable of
transmitting a disease. In a related approach,-deme systems may be used to promote the
spread of a gene that confers a fithess load aala hias in the offspring ratio. In this way, gene-
drive systems may be used to suppress vector gapukizes or induce a cascade of population
crashes. An example of such a system is an X-shmgdtbming endonuclease gene (HEG)
which can be driven into a population at the saiime tas biasing the offspring ratio towards

males and hence potentially inducing an all-maleupettion crash.

Another strategy, the so-called paratransgenesisinder development to control, reduce or
eliminate the capacity of vectors to transmit pgtis mainly, but not exclusively, by blocking
the development of the pathogen in the vector.tRarsgenesis focuses on utilizing symbionts
of insects to express molecules, within a vectat are deleterious to the pathogens transmitted
by the vector. In the case of paratransgenesistifer control of diseases transmitted by
mosquitoes, the mosquito itself will not be geratic modified, but the microorganism that
inhabits the mosquito (e.g. in its mid-gut) will bee product of modern biotechnology. Such
microorganisms may have a specific, symbiotic reteship with the mosquito, or may be
commonly associated with the mosquito but not hrevebligate relationship. Paratransgenesis
can be used as a self-limiting strategy for poportesuppression or as a limited self-propagating

strategy for population replacement (see above).

The mosquitoes developed through the differenttesyras will differ, for example, in their
ability to persist in the environment and to spréalinserted transgenes into the local mosquito
population, or even into other organisms. Therefdhe risk assessment requirements and

criteria will depend on the specific characterstd the LM mosquito and the strategy used.

Since this guidance is not focused on one partidyfze of technology or genetic mechanism,
additional and more specific guidance may be nacgsshen conducting the risk assessment of
a particular LM mosquito depending, among othenghj on the strategy used. The risk
assessment of LM mosquitoes performed on a casedsy-basis may also benefit from a
broader approach using laboratory and confinedd fildsts together with mathematical

modelling.
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OBJECTIVE AND SCOPE

mosquitoes in accordance with Annex lll to the @gena Protocol on Biosafety. Accordingly, it
complements the Roadmap for Risk Assessment of LM@ing emphasis to specific issues

that may need special consideration for the enwiemtal release of LM mosquitoes.

developed through self-limiting and self-propagatistrategies to be used in the control of

human and zoonotic diseases such as malaria, desfgkengunya, yellow fever and West Nile.

the environment. Thus, paratransgenesis is nbieistope of this guidance.

PLANNING PHASE OF THE RISK ASSESSMENT

In addition to the considerations raised in the dRaap, the risk assessment of LM mosquitoes

focuses on ecological and epidemiological procesises may be adversely affected by the

introduction of the LM mosquijaaking into account the species of the mosqiite,LM trait, -

malaria and dengue are rather well known in magyores of the world. However, in certain
regions and in the environment where LM mosquitaes likely to be introduced, more
information may be needed depending on the nahdeseale of the LM strategy to be deployed.
In many of these environments few studies have leaducted to examine gene flow among
disease-transmitting vectors, their mating behayithe interactions among vectors sharing one
habitat, how pathogens respond to the introduafamew vectors, etc. Such information may be
needed to establish a baseline in order to asbessigks of LM mosquitoes. Additionally,

methods for the identification of specific ecolagior environmental hazards are also needed.

Identification of the likely potential receiving @inonment of an LM mosquito will depend on
several factors, including whether specific relesises have been planned and whether natural or
artificial barriers are present that could limietHispersal of the LM mosquito. In some cases,
risk assessors may need to consider the entirenadtierritory or even neighbouring countries as
the likely potential receiving environment (seeodlslnintentional Transboundary Movement”

below).

Deleted: Specific considerations should
be undertaken regarding the potential
adverse effects of a particular LM mosqui

Deleted: These considerations should
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2135 The choice of comparators(see “Planning Phase of the Risk Assessment”, “Cheice of
2136 comparators” in the Roadmap)
2137 Rationale:

2138 The line/strain used as a recipient organism fmmgformation may serve as a comparator for the
2139 risk assessment of LM mosquitoes. The approachswofgua (near-)isogenic line may be a
2140 challenge. Where successive passages are useddimme strain of the LM mosquito, the

2141 parental LM strain may be used as an additionalpawator.
2142 CONDUCTING THE RISK ASSESSMENT
2143 Characterization of the living modified mosquito(See “Step 1” in the Roadmap)

2144 Rationale:

2145 Description of the mosquito species should inclitdesub-species and strains, including their
2146  bio-geographical distribution, ecological nichedarapacity to transmit the pathogen, and may

2147 include the use of reliable molecular markers.

2148 Elements for consideration } _— { Deleted: Points to consider
2149 (a) Description of the genetic modification, and thelecalar characterization associated

2150 with the relevant technologies with particular atien to sequences which might

2151 influence the mobility of the insert in the mosguisuch as transposable elements);

2152 (b) Stability of the transgen@and the likelihood of mutations in the transgehefsd

2153 changes in the insertion site(s) (in the case dfil@dNAS) in response to selection in

2154 the receiving environment.

2155 [Containment of the living modified mosquito

2156 Rational:

2157 Different strategies for the containment of LM mogoges can be applied, including physical,

2158 biological and chemical containment. In cases witleege are uncertainties with regard to the

2159 potential adverse effects of a widespread releddelMb mosquitoes into the environment, [a

2160 release limited to in a particular geographic zormey be desirable. Any containment measures
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must be taken into account in each of the stepiseofisk assessment.

Elements for consideration:

(a) The containment strategy (physical, biologara chemical) and its effectiveness;

(b) Success rate of separating sexes or induabirsterility in cases of biological

containment, as appropriate;

(c) _Potential for spread of the genes responéiblthe biological containment. -~ { comment [A117]: Comment Mq11. |

Unintended effects on biological diversity (specieshabitats, ecosystems, and ecosystem - { Deleted:

| et et~ el ol e S i el i i R i Al B

)

function and services)See “Step 2” and “Step 3” in the Roadnjap

Rationale:

The role of mosquitoes in natural ecosystems shiddassessed, as the release of LM
mosquitoes may have unintended effects on thettaegtor and pathogéhand other non-target
species which may lead to adverse effects. Potamtiatended effects will vary from case to

case and may include:
» New or more vigorous pests, especially those that ladverse effects on human health:

The released LM mosquitoes may not function as arpe for example due to gene
silencing or undetected failures in the developn@ngelf-limiting LM mosquitoes, which
could result in the release of sexually competeasauitoes and thus increase the vector

population or disease transmission.

Mosquito species are currently able to transmiesg\pathogens, such as viruses and filaria,
to human beings and animals. An LM mosquito, inchithe capacity of transmission of one

of these pathogens has been modified, may enhhaedeansmission of other pathogens.

Suppression of the target mosquito population mightse the population of another vector
species to increase, resulting in higher leveltheftarget disease or the development of a
new disease in humans and/or animals. These othetorvspecies may include other

mosquito vectors of other diseases.

3 For the purpose of this guidance, the term “tangetor” refers to the mosquito that transmits tisease and “target
pathogen” is the disease causing agent transnfujtéide target mosquito.
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The released LM mosquito may become a more vigopess by, for example, becoming a

host to a broader range of pathogens.

The released LM mosquitoes may cause other peskedome more serious, including
agricultural pests and other pests that affect muadivities. For example, the replacement
of Aedes aegypby Aedes albopictusould occur as the result of a release. Such sisksld

be monitored through time and at the appropriatggghical scale.
Harm to or loss of other species:

The released LM mosquitoes might cause other spéftie instance, birds, bats or fish that
rely seasonally on mosquitoes for food) to becoess labundant. These include species of
ecological, economic, cultural and/or social impade such as wild food, endangered,
keystone, iconic and other relevant wildlife speci&cological effects might result from
competitive release if the target mosquito popatatis reduced, or from trophic
consequences of species that rely on mosquitodeddrat specific times of the year. Effects
may also occur if (i) the target mosquitoes tramsandisease to animal species, (ii) the
released LM mosquitoes transmit a disease to arspeties more efficiently, (iii) another
vector of an animal disease was released from @lowtien the target mosquito population
was reduced, or (iv) the target pathogen’s aburelamceduced or eliminated, leading to
effects on other organisms that interact withdt, éxample, by changing the population of

another animal that hosts the pathogen.

Mosquitoes, like other insects, typically have sgraeproductive isolating mechanisms that
will not allow interspecific gene flow. However, iiiterspecific mating between released LM
mosquitoes and other mosquito species occursuitiatisrupt the population dynamics of
these other species. Moreover, cessation of trassoni of pathogens to other animals (e.g.,
West Nile virus to birds, Rift Valley fever virus tAfrican mammals) might change the

population dynamics of those species, favouringgases in their numbers.
Disruption of ecological communities and ecosygpeocesses:

The ecological communities in the ephemeral, smallatic habitats occupied by the non-
LM mosquitoes are unlikely to be disrupted beydmal possibilities already addressed above

under “harm to or loss of other species.” HoweVfethe released LM mosquitoes were to
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2219 inhabit natural habitats (e.g., tree-holes), disamp of the associated community is a
2220 possibility.
2221 The introduction of LM mosquitoes may have adveeftects on valued ecosystem
2222 processes, often referred to as “ecosystem setymash as pollination, or on processes that
2223 support normal ecosystem functioning. The adultenaald female mosquitoes feed on nectar
2224 of flowers and participate in the pollination ofapts in a similar way as butterflies,
2225 Hymenoptera and other Diptera. In cases where nitossjpecies are significant pollinators,
2226 mosquito control of any kind may reduce the rategalfination of some plant species or
2227 cause a shift to different kinds of pollinators.
2228 Moreover, mosquitoes, both adults and larvae, ai@d source for many predators (e.g.,
2229 insects, lizards and birds), and are responsibile¢hi® transfer of large amounts of biomass
2230 from aquatic to terrestrial ecosystems. As suchjith®s in which mosquitoes are the
2231 dominant insect fauna (e.g., high Arctic tundrajuldobe affected if mosquitoes were
2232 eliminated. However, common target vector species wsually associated with human
2233 activity and therefore not as closely tied to estesm services.

) ) _ { Deleted: Points to consider
2234 | Elements for consideraton _7
2235 (@) The natural dispersal range and seasonality dfitlse mosquito in relation to the likely
2236 potential receiving environment where the LM mosgjanay be released;
2237 (b) Effects on the target mosquitoes and pathogendtiresfrom the management and use
2238 of the strategy under consideration;
2239 (c) Whether the LM mosquitoes have the potential tseadverse effects on other species
2240 which may result in the other species becomingcatitiral, aquacultural, public health
2241 or environmental pests, or becoming a nuisanceheia#th hazard;

2242 (d) The effect of the transgene on the fitness of tif\ mosquito in the receiving

2243 environment, including the areas to which the LMsoato may spread, in particular if
2244 a self-sustaining technology is implemented;
2245 (e) Whether the target mosquito species is native otieto a given area;

2246 (f)  The normal and potential habitat range of the tangesquito species and whether the
2247 habitat range is likely to be affected by climatamge;
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(@) Whether the LM mosquitoes would be more susceptiblfection by other vector-

borne disease pathogens;

(h)  Whether the mosquito is a member of a species @aiplwhich inter-specific mating

OCcCurs;

(i)  Whether the introduction of LM mosquitoes is likdty affect other mosquito species

that are pollinators or otherwise known to be bieredfto ecosystem processes;

() The consequences of likely mutations resulting fitbe mosquito’s interactions with
other organisms in the environment, and any paikatianges in its response to abiotic

stresses;

(k) Whether the LM mosquitoes are likely to affect otlmeganisms with which they
interact (e.g., predators of mosquitoes), and wdrettimt could lead to an adverse effect

(e.g., on the food chain);

() Whether, in the absence of the target mosquitdhenttisplacement by other disease
vector species may occur, and if so, whether thatresult in an increased incidence of

the target disease or other diseases in humanmsmals;

(m) Whether the LM mosquito has potential for naturahg-distance transboundary

dispersal or transport by anthropogenic mechan{engs, used tires, aircraft, ships);

(n) Whether changes in land management in the receigimgronment (e.g., wetland
drainage, irrigation practices) would occur as aulteof the introduction of LM

mosquitoes, and what consequences these chanddawa on biodiversity.
Vertical gene transfer(See “Step 2” and “Step 3” in the Roadmap

Rationale:

For self-propagating LM mosquitoes, gene-driveeayst for moving genes into wild populations
may be the initial focus when assessing the likalth of vertical gene transfer from LM
mosquitoes to non-LM mosquitoes through crosstization. The likelihood of vertical gene
transfer in self-limiting LM mosquitoes is likelyotbe lower than for self-propagating LM
mosquitoes, but should be assessed on a case\baas (see below). Various factors may

influence gene flow and any associated adversectsffesuch as the strategy used in the
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development of the LM mosquito, characteristicshaf transgenes, characteristics of the gene-
drive system, the stability of the trait(s) carriby the mosquito over generations, and

characteristics of the receiving environment.

Some LM mosquitoes are being developed to spreadntihoduced trait rapidly through the
target mosquito population. For instance, wherothiced intcAnopheles gambia¢he trait may

be expected to spread throughout the gambiaespecies complex. Other LM mosquito
technologies are designed to be self-limiting andsuch cases, spread of the transgenes or
genetic elements in the target mosquito populaisonot intended or expected. For the self-
limiting technologies, the potential for an unexeecspread of the introduced trait should be

considered by focusing on the assumption that aaryagement strategy to limit the spread could

the LM mosquito with theransgene should the self-limiting mechanism faibtevent spread of

the transgené. - {Comment [A118]: Comment Mq29. }

Gene flow between different species may be constifar all of the LM mosquito technologies
in spite of the fact that mosquitoes, like otheseicts, typically have strong reproductive isolating
mechanisms that will not allow interspecific gerewf Identifying the key reproductive
isolating mechanisms and possible conditions thaildc lead to the breakdown of such
mechanisms is of particular importance in the askessment of LM mosquitoes with this trait.
In addition, the fitness (dis)advantage conferrgdhe introduced trait to the LM mosquito and
frequency of the introduction of the LM mosquitddrthe environment will affect its population

size as well as the likelihood and rate of sprfatietransgenes or genetic elements.

For self-sustaining strategies, the initial humbefsLM mosquitoes released may be small,
however their persistence in the environment wibvide continuing opportunities for novel
interactions and mutations that may not be deteictdonited trials. Although sexual sterility
(cytoplasmic incompatibility) may prevent the triarof the microorganism to some species, the

risks due to rare exceptions to the normal mataitepn should be considered.

P { Deleted: Points to consider ]

Elements for consideration B

(@) Whether LM mosquitoes have the potential to transfie modified traits to wild
mosquito populations (when it is not an intendedtspy), and if so, the occurrence of

any potential undesirable consequences;
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(b) Whether LM mosquitoes have the potential to indurelesirable characteristics,
functions or behaviour within the target mosquimeses or a sexually compatible

species complex.

Horizontal gene transfer

Rationale:

LM mosquitoes may be associated with symbiontsargtrasites such as microorganisms. In
particular, potential adverse effects as a reduthe interaction between LM mosquitoes and
Wolbachiacould warrant attention because mosquitoes arermly infested by these bacteria.
Empirical evidence suggests that horizontal geaesfer between mosquitoes avwlbachia
may occur. Sinc&/olbachiaseems to reduce host fithess and to hamper vansrhission, such
as for the Dengue viruses, potential adverse sffectheWolbachiacould change the capacity

of the mosquitoes to transmit diseases.

EIements for consideration - { Deleted: Points to consider

(@) Presence of symbionts and parasites in the LM nitsguand whether there may be

exchange of genetic information between the hadttla@ microorganism;

(b) Whether LM mosquitoes have the potential to indurelesirable characteristics,

functions, or behaviour in other organisms, paldidy in bacteria living in symbiosis;

(c) Nucleic acid sequences in the LM mosquito whichhhigfluence the mobility of the
insert and transgenes (such as mobile element)ghrrecombination with genes in

the microorganisms.

Persistence of the transgene in the ecosystéBee “Step 2", “Point to consider (f)” and “Step
3", “Point to consider (a)(iii)” and “Point to conger (b)” in the Roadma)p

Rationale:

Some of the transgenes in LM mosquitoes are desigoeto persist in a population whereas
others are expected to spread rapidly and/or parsiwild populations. In cases where LM

mosquitoes have been found through the risk assgggmocess to have the potential to cause
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adverse effects to biological diversity, takingoimtccount human health, methods to reduce the

persistence of the transgene in the ecosystemtodmconsidered.

Point to
@
(b)

consider:
Any undesirable consequence should the transgesssipia the ecosystem;

Methods to reduce the persistence of the transgene.

Evolutionary responses (especially in target mosqua vectors or pathogens of humans and

animals) (See “Step 1” in the Roadmgap

Rationale:

Any strong ecological effect also exerts an evohary selection pressure on the human and

animal pathogens and the mosquito vectors. The maitutionary effects of concern are those

that could result in a breakdown in the effectivemef the technology and the resumption of

previous disease levels. Some LM mosquito strasegim at modifying the mosquito vector’'s

ability to transmit diseases by altering its phimjical mechanisms. An evolutionary effect

resulting in the development of resistance to mediphysiological mechanisms in the targeted

pathogen might occur when modifying mosquito veatompetence. This might harm the

effectiveness of the strategy used and resultpopalation of pathogens that may be transmitted

more easily by additional vectors.

Other evolutionary effects could be hypothesizewluding effects resulting from climate

change,

but they would first imply the occurrendesome adverse effect on a species,

community or ecosystem.

Elements for consideration

P { Deleted: Points to consider

(b)

Whether the target mosquito vector has the potetti®@volve and avoid population
suppression, regain vector competence or acquikeonenhanced competence against
another disease agent, and if so, the occurrenceangf possible undesirable

consequences;

Whether the trait has the potential to evolve amdstlose its effectiveness, or the
pathogen to evolve and overcome the limitation gdsethe genetic modification, and

if so, the occurrence of any possible undesirabfsequences.
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Unintentional transboundary movements?

Rationale:

Mosquitoes, being LM or not, have very broad gephigal distribution. Individual mosquitoes
however within their lifetime have dispersal distas commonly of less than 5 km and for some
urban species, as short as 200 meters. Confinemikktiherefore be highly dependent upon the
species and the strategy used to develop the LMyuitms Self-limiting sterile male types of
technologies are expected to be highly confinedbteally and spatially. On the other extreme,
confinement of self-propagating LM mosquitoes tpaaticular receiving environment or to a

country is unlikely and may result in transboundaigvement between countries.

The risk of dispersal due to anthropogenic acésitisuch as transport and trade of potential
sources of breeding sites such as tyres or luckmbbas should be considered. The
consequences of water management practices, sudfigaion or sewage water treatment, on

the introduced LM mosquito strains should alsodbem into account.

In cases where LM mosquitoes are modified with gdnee systems, confinement may not be
possible even when efforts are made to reduce distgnce dispersal due to anthropogenic

activities.

34 gSee Article 17 of the Protocdlttp:/bch.chd.int/protocol/text/article.shtml?abeb?).
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Elements for consideration

(a) The type of strategy used in the development ofLttilemosquito (i.e., self-limiting or

self-propagating with gene-drive systems);

(b) Presence of natural or artificial barriers thatldoiimit the spread and unintentional

transboundary movement of the LM mosquito.

Risk management strategie§See “Step 5” in the Roadmap

Rationale:

technology is functioning as intended and to idgnihintended adverse effects. Strateg|es fqr\
halting release or recalling the LM mosquitoeswali as mitigation methods if an unant|C|pated

effect occurs, should be considered. Careful impleation of the technology including the

planning of mitigation measures (such as an alteraet of control measures should a problem
occur) and the integration of other population pomnethods should also be taken into account.
In some circumstances methods to reduce the pmsesof the transgene in the environment or
to mitigate adverse effects resulting from the egpion of the transgene might be needed.
Monitoring during and after the environmental rekeaf the LM mosquitoes to enable prompt

detection of unexpected adverse effects may alsmbsidered.

In the development of LM mosquitoes, male and fenmabsquitoes are commonly segregated at
the pupal stage, according to the size of pupameSeelf-limiting strategies rely on releasing
male LM mosquitoes only and require that no femal mosquitoes are released.
Understanding and measuring the reliability andufai rate of this segregation process and

having quality control measures in place will bgortant in such cases.

_ { Deleted: Points to consider

{Deleted should

‘[ Deleted: risk management

Deleted: such as

{ Deleted: ing
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p { Deleted: Points to consider

Elements for consideration L

(a) Availability of monitoring methods to:

(i) Measure the efficacy and effectiveness of LM masqtechnology, including

gene-drive systems and segregation of male LM mitusxg)
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(i) Detect the transgene and other markers that disgihghe LM mosquito from

non-LM mosquitoes in the receiving environment;

(i) Detect the spread of the transgenes into mosqtri&ains other than the target

strain, for example by using reliable molecular keas to distinguish the strains;

(iv) Assess the potential evolutionary long-term effecfs the LM mosquito

technology (monitoring for transgene stability gmdper function over time);

(v) Determine the level to which the identified adveeféects may be realized,
including detection of unexpected and undesiraplead of the transgenic trait
(e.g., monitor for undesirable functions or behawsowithin target species and

other wild related species);

(b) Availability and feasibility of mechanisms to relcat confine the LM mosquitoes and
transgenes in case they spread unexpectedly ifeags release of wild-type mosquitoes

above a certain threshold, alternative control westhincluding genetic control);

(c) Effectiveness and availability of conventional nmeth of mosquito control (e.g.,
insecticides, larval site destruction, trapping) dontrol LM mosquito strains as

compared to the non-modified strain;

(d) Availability of methods for managing the dispersithe LM mosquitoes and ensuring
that they do not establish themselves beyond ttemded receiving environment (e.g.,

vegetation-free zones, traps, high threshold geive-dystems);

(e) Availability of methods to manage potential develgmt of resistance (e.g., in the

target vector or pathogen);

(f)  Whether the release of an LM mosquito would affegdt control activities, such as the

use of personal protection and insecticides thatrobother vectors.

Comment [A119]: Comments Mg27

RELATED ISSUES
/’{ and Mg31

. - - - .. . / . . .
There are other issues that may be taken into @eration in the decision for environmental , | Deleted: They encompasgyter alia,
," | social, economic, cultural and health issuges
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releases of LM mosquitoes which are not coveredrinex I1l of the Protoco[They encompass| | (i oecuitoos wit roure broagor -1
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inter alia, the potential social, economic, cultural and tiebenefits associated with the use [of | affects human behaviour, veterinary

N medicine, public health practices and

LM mosquitoes to control wild-type mosquitoes thet vectors of human and animal pathog n\s\ national health priorities
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and parasites or, alternatively, the use of chdmpiesticides or other means to achieve the same

result. The use of LM mosquitoes will require breadonsiderations of how target-disease risk

affects human behaviour, veterinary medicine, pulhiealth practices and national health

priorities in order to address the risks to humad animal health caused by the exposure to

wild-type mosquitoes that are vectors of pathogambparasites.

BIBLIOGRAPHIC REFERENCES

See references relevant Risk Assessment of LM Mosquitoes

http://bch.cbd.int/onlineconferences/ra_guidanderemces.shtml __ - | Comment [A120]: Comment M40
Add publications regarding the case of rigk
assessment of LM mosquitoes in Brazil.
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2463 PART III:
2464 MONITORING OF LIVING MODIFIED ORGANISMS RELEASED IN TO THE
2465 ENVIRONMENT

2466 In accordance with the terms of reference for theTEG, this document provides guidance on
2467 monitoring of living modified organisms releasedthe environment® and complements the
2468 Roadmap for Risk Assessment of Living Modified Qrigans (LMOS).

2469 INTRODUCTION

2470  Monitoring of LMOs released into the environmentynadlow for the identification of adversg - - { Deleted: the

2471 effect$in a timely manner and as early as possible. Mdnig mayalsoinform on the need fo { Deeted: detecion )
I S N { Comment [A121]: Comment Mn29 J

2472 appropriate response measures such as changesktenainagement strategies, emergen\ey{De,eted:y

2473 response measures, a new risk assessment, orluetévaof prior decisions. beleted?foftchanges that may lead to
aaverse effects

2474  Paragraph 8(f) of Annex Il to the Protocol statiest “where there is uncertainty regarding the
2475 level of risk, it may be addressed by requestinghér information on the specific issues of
2476  concern or by implementing appropriate risk manag@nstrategies and/or monitoring the living
2477 modified organism in the receiving environment”tiéle 16 of the Protocol and, in particular,
2478 paragraphs 2 and 4 may also be relevant with réespehe implementation of monitoring. The
2479 Convention on Biological Diversity (CBD) covers nitmmning in its article 7, “Identification and

2480  Monitoring”.>®

2481 OBJECTIVE AND SCOPE

2482  This document aims at offering science-based malcgiuidance for monitoring adverse effects
2483 of LMOs released into the environment that couféafthe conservation and sustainable use of
2484  biological diversity, taking into account risks haman health. In this guidance, monitoring of
2485 LMOs refers to the systematic observation, coltetctand analysis of data undertaken based on

2486 the risk assessment and following the release ofLBI® into the environment, and in

% Decision BS-IV/11 of theConference of the Parties serving as the meetingthef Parties to the Protocol
(http://bch.cbd.int/protocol/decisions/decision.slPoecisionID=1169D

% see CBD article 7(a) to (dnttp://www.cbd.int/convention/articles/?a=cbdy.07
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accordance with the objective of the Protoalhis guidance may be applicable to all types of

LMOs, and scales of release into the environmeat, Emall- and large-scale releases).

monitoring in the context of human health can bentbamong the background documents for | part of this guidance

I Deleted: environmental risk assessmenﬂ is

this section (see below) __ { comment [A122]: Comment Mn16

This document does not address decisions as tohwheir not monitoring should be

implemented, or who bears the responsibility arst<cfor implementation.

MONITORING AND ITS PURPOSES

For the purposes of this document, monitoring iegarized as “case-specific monitoring”, or

“general monitoring’®®

Case-specific monitoring may be conducted to adduesertainty in the level of risk for effects
anticipated in the risk assessment. The purposas#-specific monitoring may vary, depending
on the type, duration (e.g., short- or long-termjl &cale (e.g., small- and large-scale) of the

release, as well as on uncertainties regardintgtte of risk or its management:
» Monitoring during experimental, short-term andémall-scale environmental releases

Monitoring can generate data during experimentabrtsterm and small-scale releases in
order to provide supporting information (e.g., @sttspecific risk scenarios) for future risks
assessments that may involve a larger scale ofaseleof the same LMO. When
environmental releases of an LMO are conducted 8tep-wise manner, monitoring at
smaller scales may increase the scientific stremgtitertainty of risk assessments for

subsequent larger scale releases.
» Monitoring during long-term and/or large-scalev@mmnmental releases

During long-term and large-scale releases of an L{®@., for commercial purposes),
monitoring may be conducted in order to gathemtirinformation to address uncertainties
regarding the level of risk, or to confirm that crsions of the risk assessment are accurate

once the environmental release has taken placsorie cases, effects may be identifiable

37 see Article 1 of the Protocdnttp://bch.cbd.int/protocol/text/article.shtml?abe.

3 Some experts in the Open-ended Online Forum andEXK@re of the view that “general monitoring” shontut be part of
this Guidance.
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but difficult to estimate or address in the framekvof a risk assessment (e.g., these may
include long-term, multi-trophic, or cumulative efts, as well as changes to management
practices and effects on human health). Using lmoagproaches to monitoring may be

useful in such cases (see considerations on gemeratoring below).
» Monitoring to evaluate the efficacy of specifskrmanagement strategies

In cases where risk management strategies are rimepted along with an environmental
release, monitoring may be used to evaluate thectdfeéness of these risk management

strategies.

General monitoring is used in some approachesdouat for effects that were not anticipated in
the risk assessment. General monitoring starts geétteral observations of changes in indicators
and parameters, such as assessment endpoints, avkioften defined within national protection
goals or are related to the conservation and ssibi use of biological diversity, taking into

account risks to human health.

through general monitoring, possible causes forotheerved changes are examined and, where
appropriate, a more specific hypothesis is develogred tested to establish whether or not a

causal relationship exists between LMO(s) and theeise effect, and be followed up by case-

DEVELOPMENT OF A MONITORING PLAN

A monitoring plan is developed when the recommendabf a risk assessment and/or the
national biosafety policy calls for monitoring adtiies to be carried out in conjunction with the
environmental release of the LMO. In such cases,cdbmpetent authority(ies) or the entity
responsible for the risk assessment may outlingggairements of a monitoring plan (including
the reporting of monitoring data). The monitoririgrpshould be transparent, of scientific quality
in the context of well constructed hypotheses, iarglifficient detail so that the relevance of the

data can be appraisgd.

3 See Roadmap “Overarching issues in the risk ass=® process”, “Quality and relevance of inforati

Deleted: General monitoring may utiliz
programmes already establishedexisting
monitoring networks for purposes not
specific to LMOs for the surveillance of
broader protection goals and assessmen
endpoints wherever possible.
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2557 ‘ If 2 monitoring plan is to be developed by the notifiennay be evaluated by the competent { Deleted: the )

2558 national authority and may be subject to modifmatbefore a decision for release is granted.

2559 ‘ Importantly, the proposed activitifer case-specific monitorian;hould:I be relevant to thg,/{Comment [A125]: CommentMn 24 |

2560 identified uncertainties regarding the level ofkrisosed by the LMO under consideratfGn.

2561 | Jnformation relevant for developing the monitorimjan may be available from the risk - {Deleted: g )
2562 assessment and, if applicable, from previous mdngoactivities, including those from other

2563 countries. For example, the choice of protectioalgg@nd assessment endpoints (which may

2564 include the selection of indicators and parameteray often be derived from the context and

2565 scoping phase of the risk assessment (See Roadisablishing the context and scope”). The

2566  scientific and technical details of the specific OMincluding detection methods, would in many

2567 cases be available from the information requiredcfimducting the risk assessment as outlined

2568 in Annex llI of the Protocof*

2569 When developing (or evaluating) a monitoring pléue, following may be considered:

2570 1. Choice of indicators and parameters for monitofimghat to monitor?”);

2571 2. Monitoring methods, baselines including referenaims, and duration of

2572 monitoring (“how to monitor?”);

2573 3.  Monitoring sites and regions (“where to monitor?”);

2574 4.  Reporting of monitoring results (“how to commun&a).

2575 | The sections below address these issues in termasiafiales anglements for consideration - { Deleted: points to consider )
2576

40 see Roadmap “Overarching issues in the risk assggprocess”, “Identification and consideratiorunéertainty”.
‘1 see paragraph 9 of Annex Il to the Protodditp://bch.cbd.int/protocol/text/article.shtml?abefd).
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1. Choice of indicators and parameters for monitomg (“what to monitor?”)

Rationale:

indicators(e.g., species, populations, soil, environmemntat@sses, etc.) and/parameterqi.e.,

a component to be measured in the observation ofdacator, such as species abundance or soil

organic matter).

Results obtained from monitoring may assist in_@atithg the estimates of environmental

exposure which were made during the risk assessfaeatstep 2 in the Roadmap). Therefare,

monitoring the exposure of the environment to LM®@ay be a highly relevant element of an

overall monitoring approath]. | - - { comment [A127]: Comment Mn35.

The selection of indicators and parameters to baitored will vary from case to case,
depending on the LMO, characteristics of the likpbtential receiving environment, specific
risk scenarios established during the risk assegsriaee the Roadmap), and on the protection

goals and biosafety legislation or policies of eagtintry

_ { Deleted: Points to consider J

FElements for consideration

(a) The potential of the indicators and parametersgioad changes related to adverse effects

as early as possible and/or before the consequaneesalized,;

(b) Characteristics of the indicators and their levklerposure to the LMO, as well as

parameters for the distribution and abundanceaxfehndicators that are organisms;

(c) Quantitative and qualitative variability of the iodtors and parameters to be observed
and how this variability could affect the ability these indicators and parameters to

signal changes that may lead to potential advdfeets;

(d) The usefulness of the candidate indicators andhpeteas to establish relevant baselines,

including reference points;

(e) The importance of the candidate indicators andmaters to relevant key ecological

processes and functions or to the identified ptmrgoals;
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(f) Whether sampling and analysis would be easy oicdiffand how these would affect the

choice of indicators and parameter.

2. Monitoring methods, baselines including refererne points, and duration of monitoring

(“how to monitor?")

i. Selecting monitoring methods

Rationale:

Monitoring methods are largely dependent on thedcatdrs and parameters chosen in the
preceding step, as well as the ability of thesdécatdrs and parameters to address uncertainty
regarding the level of risk and to signal chandest ttould lead to an adverse effect. The
selection of monitoring methods should also tak iaccount the level of sensitivity and

specificity needed to detect changes in the indissind parameters.

The description of the monitoring methodology imt#a the means for sampling and observing
indicators and parameters, and for the analysih®fresulting data. Appropriate methods for
collecting monitoring data may include observatjodescriptive studies and questionnaires
addressed to those who are exposed to or are hgndlithe LMO. For ecological issues, or
effects occurring outside of the receiving enviremi additional knowledge and tools may be

required to gather relevant data.

The best available science should always be usedmfonitoring. In some cases, the
harmonization of methods, data formats, and amallytipproaches facilitates the comparison of
results from monitoring in different environmentd/hen the use of existing surveillance
programs is to be considered, the monitoring plaoukl guide the choice and use of these

programs.

_ { Deleted: Points to consider

Elements for consideration .

(a) Relevance of the monitoring methodology to geneth&e necessary information to

address uncertainty related to the level of risk;

(b) The nature of the effect to be monitored (e.qg., ttwieshort- or long-term, delayed or

indirect, cumulative, etc.);
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2636 () Relevance, suitability and adaptability of existsuyveillance programs, as well as the
2637 accessibility to those data, in the context of Heyanvironmental monitoring;

2638 (d) The specification of the range or magnitude of gesnin a parameter or indicator to
2639 signal changes that could lead to an adverse gffect

2640 (e) The scientific quality of the sampling, analyticahd statistical methods to be
2641 employed??

2642 () The availability of relevant standardized methads] whether and how these could be

2643 taken into account;

2644 (@) Whether methods are adequate to meet the objedtithe proposed monitoring plan;

2645 (h) The availability and use of descriptive studiesgaestionnaires, taking into account
2646 their replicability and verifiability;

2647 (i)  Findings from ongoing and/or other monitoring aitigs, if relevant;

2648 () Relevant local, regional and international monitgrpractices.

2649 ii. Establishing baselines, including reference pats

2650 Rationale:

2651 The establishment of relevant baselines, includefgrence points is necessary for observing
2652 and analysing changes during monitoring. A baseiina measurement or description of the
2653 existing conditions of the likely potential receigi environment, and/or comparable reference
2654 environment, including the relevant indicators gradameters. Therefore, the methodology by
2655 which the baseline is derived should be describetieé monitoring plan in order to verify that it

2656  will provide useful information in relation to trevironment where the LMO may be released.
2657 Natural and human induced variation that may odoubaseline data should be taken into

2658 account when analysing monitoring data.

2659

42 See also considerations on “Quality and relevarideformation” in the Roadmap.
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Elements for consideration __ -~ { eleted: Points to consider

(a) The scientific quality of methods used for gen@gtbaseline data including reference

points;
(b) The appropriate spatial scale of the baseline distureference points to be established,;

(c) Effects of temporal and spatial variation (i.e.iman induced or natural variation in the

physical environment);

(d) The scale of the likely potential spread of the LMO
iii. Establishing the duration and frequency of moiitoring
Rationale:

The duration of the monitoring, including the fregay at which observations or measurements
need to be made, is determined on a case-by-cagedral will depend on the type of changes
that may lead to adverse effects that are to betored (e.g., immediate or delayed, short- or
long-term), the type of LMO (e.g., short or lonfelcycles® transgenic traits introduced), and

the duration of the proposed environmental reledfgere general monitoring is used, the type
of changes to be monitored may be broader to atdounnanticipated effects. The duration or

frequency of monitoring may be adjusted, if appiater, on the basis of the results of on-going

monitoring activities.

Elements for consideration _ - { Deleted: Points to consider

(a) How long it would take for changes in a parametdikely become apparent;

(b) Characteristics of the indicators to be measuretkscribed (e.g., persistence, life-cycle

and generation time of species when used as imd&)at
(c) Life-cycle and generation time of the LMO as ib&ng used in the environment;

(d) Whether variability in the monitored parametersrowme could affect the results and

conclusions of monitoring;

4 See article 16.4 of the Protocattp://bch.cbd.int/protocol/text/article.shtml?abeb6).
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Potential for environmental changes, both biotid ahiotic.

3. Choice of monitoring sites (“where to monitor?”)

Rationale:

Monitoring sites are selected on a case-by-cass Hapending on the geographical location of

the release in the likely potential receiving eamiment, the parameters and indicators that will

be used in the monitoring, as well as the intenagsad of the LMO, and taking into account the

associated management practices.

The choice of monitoring site may include areasobeythe intended receiving environment

where the LMO may be introduced.

Relevant information regarding the sites to be nowed includes, for example, specific

locations, their size and relevant environmentalratteristics. In this context location registries

(e.g., national and regional databases) may befalusformation tool for LMO-monitoring and

the selection of relevant monitoring sites or regio

Elements for consideration

P { Deleted: Points to consider

(b)

©

(d)

(e)

Dissemination and establishment of the LMO in tliely potential receiving

environment;

The type of LMO as well as indicators and paranseterbe monitored and, in case of

indicators that are species, their biological amiegical characteristics and life cycles;

Appraisal of suitable, relevant reference sites rehthe LMO is not present for

comparison over the duration of the monitoringpplicable;
Pathways through which the environment is likeljpéoexposed to the LMO(s);

The distribution patterns, including seasonal itistion (e.g., migration), of the
selected indicators that are species, in the likgtential receiving environment for

consistent detection and observation;
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®

(©)

(h)

Appraisal of protected areas and centres of o@dgid genetic diversity or ecologically

sensitive regions, particularly in the context afmitoring the presence of LMOs;

The appropriate number of monitoring sites andsthdistical power of the conclusions

that can be drawn;

The continued availability of the monitoring sitebroughout the duration of

monitoring;

(i) Current management practices and possible chaodbege practices over the duration

0

of monitoring.

B {Comment [A128]: Comment Mn 39 J

Sites that were previously used for field trialegperimental releases. .~ { Deleted:

)

4. Reporting of monitoring results (“how to communtate?”)

Rationale:

Reporting of monitoring results serves four maifeotives: i) to inform competent authorities of

any changes that can be related to adverse effécts; allow verification of the quality and

relevancy of data derived from monitoring to enstive activities have been carried out in a

manner

that meets the intended objectives setrotihé monitoring plan; iii) to indicate, if

appropriate, the need for changes to the monitgriag and/or other risk management strategies

(or for follow-up studies or risk assessments); andto recommend, if appropriate, the re-

evaluation of a decision and the necessity of angrgency measures.

The report of monitoring activities may be commuatéd in different forms, for example,

depend

interpre

Elemen

ing on the target audience. From the refiwtregulatory authority should be able to

t the results and decide whether or ngiegific action is required.

P { Deleted: Points to consider

ts for consideration B

(b)

Reporting requirements set out by the competemtaaitiy(ies) or in national biosafety

regulations, if available;

The completeness of the report, including transparén presentation of methods, data

and analytical tools used to draw conclusions;
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2740 (c) Accessibility to raw data accrued during the manitp activities, taking into account
2741 information that may be confidenti!.
2742

4 See article 21 of the Protoctittp://bch.cbd.int/protocol/text/article.shtml?abepl).
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”””””””””””””””””””””””””””””””””” < and R427 (add “adverse ef‘fgct" to the us
An attempt was made to adapt definitions that aseduin internationally accepted risk. [ofterms, seee.g. EFSA Guidance G'OSSJ
Deleted: |

USE OF TERMSLThis section provides a working glossary of keyrteused in this document.. - | Comment [A129]: Comments R264 %
y)

assessment guidance to the context of environmeigialassessment conducted under the

Cartagena Protocol.

Antagonism —An interaction of elements that when combined peceda total effect that is less
than the sum of the effect of the individual eletagpfcohetex]

Assessment endpoint -An explicit expression of the environmental valdattis to be
protected, operationally defined as an entity (saglsalmon or honeybees, soil quality) and its
attributes (such as their abundance, distributionmortality). (Adapted from IPCS, 2001,
Integrated Risk Assessment, http://www.who.int/ipublications/new_issues/ira/erffjek-o-the

text]

Baseline— A description or a measurement of existing comag of an environment, or its
attributes or components without the LMO under aerstion and taking into account different
practices in use (e.g., agricultural practices)e Taseline description or measurement may
provide quantitative (e.g., number of organismgjalmdlity of abundance) and/or qualitative
information about the receiving environment asfarence for estimating effects of the LMO or

its use including, if applicable, information orethssessment endpoiriakotheex

Behavioural sterility — A type of reproductive sterility that is causeddhanges in behaviour
rather than to physiological changg&Xtthetext

Case-by-case- A commonly accepted approach where each LMrisidered relative to the
environment in which the release is to occur andhto intended use of the LMO. (Adapted
IUCN, 2003, An Explanatory Guide to the Cartagenaotdeol on Biosafety,
http://bch.cbd.int/database/record-v4.shtml?docitres1476)ack o the text

Combinatorial effects —Effects that arise from the interactions betwerem for more) genes in

one organism, including epistatic interactions. Tdfects may occur at the level of gene
expression, or through interactions between RNAgraong gene products. The effects may be
analysed as qualitative or quantitative; quantieatffects are often referred to as resulting in

antagonistic, additive or synergistic effects (al® “Cumulative effects” for distinctior§2<°
the text]
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Comparator — Non-modified recipients or parental organisms ha& t MO. A comparator is

used as an element to establish the basis for parative assessment in accordance with Annex
i [back to the text]

Consequencqof the adverse effect} The outcome, extent and severity of an adveifeete

associated with exposure to an LMO, its handlind aee, or its products (in the context of
Annex |ll paragraph 5feacktothe text

Conventional breeding— Not involving the use of modern biotechnologydafined in Article 3
of the Cartagena Protocol on Biosaféfk ! hetex]

Co-transformation — Techniques of modern biotechnology using two or entmansformation
vectors to produce an LMdyackiothe texd

Cross-talk —Instances in which one or more components of aasigansduction pathway affect

a different pathwayPack o the text

Cumulative effects— Effects due to the presence of multiple LMOsthair products in the

receiving environment (see also “Combinatorial ef&for distinction) backothe tex

EC50 (median effective concentration} A concentration that is statistically or gratiyg
estimated to cause a specified effect in 50% ofraum of test organisms under specified
experimental conditions. (IPCs, 2001, Integrated skRi  Assessment,
www.who.int/ipcs/publications/new_issues/ira/epf§o-ne-tex

Ecological function— the role of an organism in ecological proces$as.relevance of specific
ecological functions in the risk assessment wilbete on the protection goals. For example,
organisms may be part of the decomposer networkrgaan important role in nutrient cycling

in soils, or may be important as a pollen sourcetdlinators and pollen feedefRcko he text

Exposure — The route and level of contact between the likmential receiving environment
and the LMO or its product&ackiothetex]

Exposure assessment Evaluation of the exposure of the environmertiuding organisms, to
an LMO or products thereof. (Adapted from WHO, 20RICS Risk Assessment Terminology,

http://Mmww.who.int/ipcs/methods/harmonization/argasterminologyparts1and2.pdfjacktothe

text]
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Gene-drive system -Method of introducing and spreading a desired getoepopulations, e.g.,
mosquito. (Adapted from Hood E, 2008, Selfish DNArsus Vector-Borne Disease,
Environmental Health Perspectives 116: AB9;
www.ncbi.nlm.nih.gov/pmc/articles/PMC2235231/pdf#6h16-a00066. pdfjck o hetex

Gene flow —The transfer of genetic material from one organtemanother by vertical or

horizontal gene transfer; or the movement of amism from one environment to anoth&tk
to the text]

Gene product— The RNA or protein that results from the expi@ssf a geng/ackto the text

Genotypic (characteristics)— Relating to “genotype” as all or part of the ggén constitution of

an Organism[.back to the text]

Hazard — The potential of an organism to cause harm todmuhealth and/or the environment.
(UNEP, 1995, International Technical Guidelines foBafety in Biotechnology,
www.unep.org/biosafety/Documents/Techquidelined ek o the text

Hazard characterization — The qualitative and/or quantitative evaluationtted nature of the
adverse effects associated with an LMO. (AdaptedhfiCODEX, 2001, Definitions of Risk
Analysis Terms Related to Food Safety,
http://www.fao.org/DOCREP/005/Y 2200E/y2200e00. htiy- o the text

Hazard identification — The identification of the type and nature of adeeeffects that an LMO
could cause to an organism, system or (sub)populafAdapted from WHO, 2004, IPCS Risk
Assessment Terminology,

http://mww.who.int/ipcs/methods/harmonization/afeasterminologypartsland2.pdffck-to-the

text]

Heterozygous (genomes) Having different alleles at the corresponding chosomal loci 22
to the text]

Horizontal gene transfer — The transfer of genetic material from one orgamito another

through means other than inheritance from pareaffspring (i.e., vertical)Packto the text

Introgression —Movement of a gene or genetic element from oneigpégato the gene pool of

another species or population, which may resulairstable incorporation or some fertile
[back to the text]

offspring.
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Isogenic line, (Near-)- Isogenic lines: two or more lines differing fraach other genetically at
one locus only; near-isogenic lines are two or niioes differing from each other genetically at

several |OC[baCk to the text]

LD50 (median lethal dose)- A statistically or graphically estimated dosattls expected to be

lethal to 50% of a group of organisms under spedifionditions?ack© the text

Likelihood (of the adverse effect)— Probability of the adverse effect occurring,ingkinto

account the level and kind of exposure of the jiksdtential receiving environment to the LMO.
[back to the text]

[Monitorinq — Systematic observation of a processr a period of time. In the context of thjs

document, ‘Case-specific monitoring’ is used totie measures intendgd to obsgrve changes( Deleted: d

in indicators and parameters that are relateddadleased an LMO under consideration and \ité{De'eted: a

) {Deleted: ing

(N

modified trait(s). ‘General monitoring’ is used fg@eneral observation of the changes

n

indicators and parameters that may affect the abherosystem, taking into account human

_ - {Comment [A130]: Comment Mn82.

Multi-trophic (effects) — Involving more than two trophic levels in a foodw@acktothe text

No-observed-effect level (NOEL)- Greatest concentration or amount of a substdaoed by
experiment or observation, that causes no alteratdd morphology, functional capacity, growth,
development, or life span of target organisms mligtishable from those observed in normal
(control) organisms of the same species and stwaither the same defined conditions of
exposure. (IUPAC, 2007, Glossary of Terms Useddridology, 2nd edition, Pure Appl. Chem.
79: 1153-1344, http://sis.nIm.nih.gov/enviro/iuplssary/frontmatter.htmffack o the text

“Omics” technologies — A collection of - usually high-throughput - tedtmes to study an
organism or group of organisms at the level of gemome, gene transcripts, proteins or

metabolites, which depending on the level are $ipally called “genomics”, “transcriptomics”,

“proteomics” and “metabolomics”, respectivefgek - the ext

Outcrossing — The transmission of genetic elements from oneumrof individuals (e.g.,
population, crop variety) to another. In plantstcoossing most commonly results from cross-

pollination. (Adapted from GMO Compass, www.gmo-@ass.org/. See also “Vertical gene

transfern)[back to the text]
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Phenotypic (characteristics) — Relating to “phenotype” as the observable plajsior
biochemical characteristics of an organism, asrdeted by both genetic and environmental

factors [back to the text]

Pleiotropic effects— Effects of a single gene on multiple phenotypaits, [ackto the text

Potential receiving environment— The range of environments (ecosystem or haliteltyding
other organisms) which are likely to come in cohtaith a released organism due to the
conditions of the release or the specific ecoldgibehaviour of the organism. (Adapted from
UNEP, 1995, International Technical Guidelines faoBafety in Biotechnology,
www.unep.org/biosafety/Documents/Techquidelined e o the text

Protection goal —Defined and valued environmental outcomes thadegthe formulation of

strategies for the management of activities thay affect the environmeriand consider the

social and economic aspects of each country oomggpacktothe texq

Re-transformation — Use of modern biotechnology, as defined in the dealt to produce an
LMO where the recipient organism is already an LNfg§ktohetex

Risk — The combination of the magnitude of the consegeg of a hazard and the likelihood that
the consequences will occur. (Adapted from UNERS5]1 International Technical Guidelines for
Safety in Biotechnology, www.unep.org/biosafety/Doents/Techguidelines. pdi§ek o the text

Risk assessment The process of estimating risks that may beciestsa with an LMO on the
basis of what adverse effects may be caused, tkely lihe adverse effects are to occur, and the
consequences should they occur. (Adapted from UNE®95, International Technical
Guidelines for Safety in Biotechnology,

www.unep.org/biosafety/Documents/Techguidelineg.Ri$k assessment is often considered as

part of a broader process called ‘risk analysisicwhmay also include considerations such as

risk management and risk communicatffftehetexd

Risk characterization — The qualitative and/or quantitative estimation, luiing attendant
uncertainties, of the overall risk. (Adapted fro@@EX, 2001, Definitions of Risk Analysis
Terms Related to Food Safety, http://www.fao.org@REP/005/Y 2200E/y2200e00.htHjc

the text]

Risk management— The measures to ensure that risks identifiethénrisk assessment are

reduced, controlled, or eliminated. (Adapted fronNEP, 1995, International Technical
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Guidelines for Safety in Biotechnology,
www.unep.org/biosafety/Documents/Techquidelined [pef-o-the text

Risk threshold — The level of tolerance to a certain risk or kel of change in a particular

variable beyond which a risk is considered unaceptacktothetex

Stability (of the transgene) —Permanence of the transgene in a defined genomiextoand

without changes to its structure or phenotypic eggionRackiohe texi

Synergism —An interaction of elements that when combined pecedai total effect that is greater
than the sum of the effect of the individual eletagppeohetex]

Transformation cassette —A transformation cassette comprises a group of D$¢éfuences
(e.g., parts of a vector and one or more of thimfiohg: a promoter, the coding sequence of a
gene, a terminator, other regulatory sequencesghvdre physically linked and often originated
from different donor organisms. The transformatiassette is integrated into the genome of a
recipient organism through methods of modern blotetogy to produce an LMO. A
transformation cassette may also be called “exjmessassette” (mainly when a specific

expression pattern is aimed at), “DNA cassette'gene construct'i2ackio the text

Transformation event — An LMO with a specific modification that is thiesult of the use of

modern biotechnology according to Article 3 (i) ¢d)the Protocofackiothetex]

Transgene— A nucleic acid sequence in an LMO that resuienf the application of modern
biotechnology as described in Article 3 (i) (a}ioé Protocol2ckothetex]

Trans-regulation — Transcriptional regulation of gene expression égutatory elements that
were themselves transcribed in a different regibthe genome. For example, a transcriptional
factor transcribed in one chromosome may regutaseskpression of a gene located in another

ch romosome[.ba°k to the text]

Unintended effects— Effects that appear in addition to, or in sorases instead of, the intended

effects. Some unintended effects may be foresedr wifners are unanticipateffckothetex

Unintended gene product- Gene products (e.g., RNA, proteins), which dffergnt from those

originally intended!Racktothe text
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Unmanaged and managed ecosystemsAn “unmanaged ecosystem” is an ecosystem that is
free from significant human intervention. As oppmbge a “managed ecosystem” which is an

ecosystem affected by varying degrees of humanitiesi, [Packtothe text

Vector — In the context of genetic modification, a vectoais organism (e.g., virus) or a DNA
molecule (e.g., plasmid, nucleic acid cassettes)l ts assist the transfer of genetic material from
a donor organism to a recipient organism. (Adaftech UNEP, 1995, International Technical
Guidelines for Safety in Biotechnology,

www.unep.org/biosafety/Documents/Techguidelineg.plaf the context of epidemiology, a

vector is an organism, often an arthropod (e.g.squito), that transmits a pathogen (e.g.,
plasmodium) to a host (e.g., humarﬁgmxt]

Vertical gene transfer — Transfer of genetic material from one organisnits offspring via

asexual, parasexual or sexual reproduction. Alfesned to as “vertical gene flow2ack o thetext]
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