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FOREWDRD

This document pravides susdance for the environmenizl rck asseszment [ERA] of
penetically modified [GM) plant products submitted for import for fopd and feed ar
prucessing. It considers the unintended release of the imparted plant produrd= intn the
environment bt nat their cultivation. i daes oot include viable plants or plant parts
introchsced  for propagation, cultivation or GM planis or plant products uged for
pharmareutical or medicinal purppses.

The Guideline on Environmental Risk Assessment [ERA} of GM planix bas been

with reference to the EFSA suidance docoments on ERA (EFSA 2014, 2(K16 a, b} and
[PMEM) (EFSA 2086, 21¥11) which are in arvondance with current interpational legislation
aasocigted with international apreements an GMOs, Orpanisation for Economic Ca-
pperation and Development [DECD), puidelines and based on experiences of pther
countriez.

Thizx donument provides puitdance for assessing potential effects of GM plant produrts an
the emvironment amd the rationales for the data requirement=s for 2 comprehensive ERA of
GM plant produd= The ERA should be camried out on a caze-hy-caze basis [pllowing a
step-by-step assessment approach, meaning that the required information may vary
depeniding on the type of the GM plants, their products amnd the trait{z] concerned, their
interiled nxe{a), and the potential receiving environment{x).

In additiom, the puideline dezcribes siratepies and methods far monitaring imports and
distrilution of viahle plant products far both anticipated risks identified in the rizk
assesgment and for unanticipated effects. The puideline also conizins consideration af
several rossy-outling considerations (ep. chaice of comparainr, the environmental
prutedian poaly of the receiving envimmmoent{s] seneral statistical principle (5} that
peeds in be congidered in the ERA and ERM).

This document has been developed with suppart from the Nalianal Biasafety Framework
Pruject implemented by Bhutan Apriculiture and Food Repulatory Autharity with the
finamcial and techmical support fram the Global Environment Fadlity [GEF) and United
Nations Environment Program [[INEP).
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GLOSSARY

Azzexournt endpoint: 2 naiural resource or natural resource service that needs
prutectim. R i the valued attribote of 2 matural resource warth of pratection [Suter,

2000]).

Hazelme: is defined = a point of reference apainst which folure changes cn be campared
(EC. 2002).

Hiopeopraphical region or xome: is defined as spatial scale of Earth's surface
mhtndhuhn[:.g.famandﬂnn}mﬂ:hmh:[n.g.dlm:t:.mﬂ.urdm]mnﬂ]hnm

{a=ze-by-caxe: iy defined as the approach by which the required information may vary
depmdmgunﬂletyp:ufﬂmﬂﬂﬂsmmmﬂiﬂ:mmtﬂndndmemdpmﬂmmg

envirooment, taking into account e, GMOs already in the enviroonment (EC, 2001).

Deliberate relemase: is defined a3 any intentional mbrodudison imto the eovironment of 2
GMO ar a cambination of GMOs for which no spedfic omizinment measures are nsed to
limit their contact with zmd tn provide a hiph leve] af zafety far the general population amd
the environment [EC, 2001).

Desh stndy: is defined as an investipation of relevant availahle information, often before
starting practical shuly of a2 problem.

Ecoxystem zervices: indude 3]l zervices pravided by ecosystenm, es production of food,
fuel, fibre and medicmes, repulation of water, air and dimate, maintenance of apil fertility,
cycling af mutrieniz Ecosystems services are distinet from ecosystem functions by virtue
of the fart that humans, rather than ather speces, benefit directly from these nahoral
assrts and processes [Millenninm Ecosystem Assesament, 2005]).

Eflerts:

0 Adverze effects are defined as 2 harmiul and undesired effects consisting of
measurahle chanses of protected entities [ep. change in 2 natural resource ar
measurahle impairment of 2 natural respuree service] heyond accepted ranges.

0 Unintended effects: are defined az consistent differences between the GM plant
and itz comventional counterpart, which po beyond the primary intended sffect{x)
inbroducing the tarpet pene[s]

O Direct eflects: are defined a3 primary effects an human health ar the environment
which are a result of the GMO itself and which do nat pocur throuph 2 canezal chain
of events [EC 2041).

O Inlirect eflectz: are defined as tn effects on human bealth or the eovironment
poowring through a2 cuzal chain of events, throwgh mechanizms ssch as
interartions with other arpganiams, transfer of penetic material, or changes in uae
or management [EC, 2001).



0 Immedisle effects are defined az effects on buman health or the environment
which are phaerved during the period of the release af the G, Immediate effects
may he direct ar indirect (EC, 2001}

0 Delayed effects: are defined as effects on human health ar the environment which
may nat be phyerved during the periad of the releaze of the GMO, but become
apparent az a direct or indirect effects either at a later stage or after termination af
the release [EC, 2001].

0 Cemuktive long-term effedx: are defined as the aonmmulated effed= of consents
on lnmman health and the envinmoment, incliding Aora and fauna, spil fertility, anil
degradation af orpanic material, the feed ffoad chain, bialogical diversity, animal
health and rexistance problems in relation to antibioties [EC, 2001).

Envirommental harm: i:deﬁnnd::ammmhhﬂdm:hﬂgﬁinanahnﬂrﬁmmur

______ T = =1 ______ — A=__ _al

“mmmtmiWMWWHMMjmmujur

indirecty (EC, 200}

Envirommenial rsk asesoment: g defined as the evaluation of risks to human health
and the environment, whether direct or indirect, immediaiez or delayed, which the
deliberate release ar the placing on the market of GMOs may pose and camried put in
arcardanre with Annex I (EC, 2001}

Fitmexs- is defined as the number of seeds (or propagules) produced per zeed zown, and
indudes the whole life cyde of the plant {Crawley et al, 1993). Enhanced fitness can he
defined az a characteristic of an individual or sub-population of individuals that
Tepier. 2iK159).

Fumctional proops are defined a3 non-phylagenetic, agerepgated unils of apecies sharing
an impartant ecolopical characteristic and playing an equivalent rale im the commmmity
[Cunmuins, 1974, Smith, 1997, Stenedk, 2001, Elondel, 2003).

Gencticlly modilied organicn [(EMO): is defined 2= an orpanismn, with the exception of
human beings, in which the genstic material haz been altered in a way that does not oor
naturally bry mating and for eatural recombination [EC, 20401}

Baxard [harminl characteristics): is defined as the potential of an organism to camse
harm to or adverse effects on buman heatth and far the environment: [EC, 20802,

Limmits of comeerm: are defined 2= the minimum ecalopical effects that are deemed
biplapically relevant and that are deemed of sufficent mapnibsle to canse harm. These
limit, limits af concern are zet for each assessment endpaint in the problem foromalation.

Mreasoreeent endpoint: is defined 2= a quantifiable indicator of change in the

m:ntendpmm'. and constibite measures of hazard and exposure. Examples incude:
fitne=s, prowth, behavinr, development.

Problen Jormmulation: & defined = the proceas incuding the identsfication of

characteristics of the GM plant capable of causing patential adverse effedz to the

enviromment [hxzards} of the nature of these effects, and of pathways of exposure



thrmesh which the GM plant may adversely affect the envirooment [hazard sentification).
i alza imchides defining the assexsment endpoints and setting of spedfic bypathesis to
puide the peneration and evaluation of data in the next rizk asspssment steps [hxzard and
expoaure characierisatian ).

Produrction system: = defined as the specific use of the GM plant, the context in which
the GM plant B prown, s mubbivation (induling oop moiation). harvesting and
management, and the genetic backgroumd in which the transgenic trait haz been
introchsced.

Protection gaals- are defined as natural rezources [ arthropod nabural ensmies, beex)
or natural rezource services [es repulation of arthmped pest populations, pollination)
that are to be protected as set qut by EUJ lemisiations.

Rish: iy defined as the combination af the mapnibsde of the consequences of 2 harard, if it
pocurs, and the likelibnod that the consequences ocmar [EC, 24002).

Rereiving envircnment: iz defined 23 the envirooment inta which the GM plant{z] will
be released and intn which the transgene{s} may spread.

Stachked events- are GM planty in which two or more single events have been combined
by conventional crossing.

Step-by-siep approadh: iy uzed in this ERA puideline in describe the six assessment: stepa
for the ERA:

Prublem formulatiar:

Expasure characterisatian;

Risk mamapement stratepies andd

Overall risk evaheation amd concusians.

Thisx assexament approach iy different fram the Stepwise approach defined hersunder.

pPPAWNPE

Breregiee Arvvrnack: in defined az all 'I:hegh'ne: rIJ!'I'l'II'I the zan=s af ‘motsinment-leesl

=TorTTT T TTRET = . T-TTa

hegnmngmﬂlmismﬂmmnhmndmn:}ut:mﬂumght:mpnﬂrﬂrﬂnd
spatially restricted deliberate release up to placing on the market, where data should he

collected stepwise as early a3 possible during the procedure [EC, 2002].

Strexsor: the GM plant itzelf, the transgene{a} in this arganismal context and it products,
are all comsidered as potential streszar.

Weight-of evidence approadk: is defined 2= the use of agentific evidence fram varimnes
ilata sources to support assessment conchisions.



L INTRODUCTION

This document provides puidance for the ERA of GM planis submitted within the
framewark of the Cartapena Prutocol an the import of GMOs. It covers the ERA of
imported non-viable GM Flant produrcts as food and feed containing or consistimp of GM
plantz ar praduced from GM plantz, and GM plant produds nsed for non-food purposes
muh as industrial usex It does pot indude GM planitz or plant produris 1=ed for

pharmareutical or medicinal purpozes.

It considers imtended and umintended release of GM plant products into the environment
but does not inchude assessment af the propagation and multivation of GM Plantz within
Biwtn for experimental or prochation purpases. However, it does consider the
possibility of unavoidable low level admintore of GM aeeds and viable materials in
imported grain, seeds and ather plant productsy and the possibility of onintended and
aldventitious spread acss horders inta Bhutan by the artivities of man and by nabural

- ____ - __ _a-____ _Ir ___1_ __ .1 __1____ wmL_. ___ -_ 1___8§___11__ v__E_ __ 1 »~L-__ ___ T 11 ____
Wmmmmmmummn’mmmmmﬂ:

countries cultivate and develap GM crops [es cottan, brinjal, rice) and other plants (e
GM paplar).

This document also ocmsiders the estahlishment of past-market environmental
manapement and monitoring (FMEM) af risks anid uncertainties identified in the ERA, and
alzo the establishment of envirommental muonitoring of unintentional indroduocion af

viahle GM plant produrts.

This EFRA puideline provides detailed puidanrce for those condrting risk assessments in
support of applications to inbrodure non-viahle GM plant produd= ininy Ehutan and for
Biurtan Asrimulinre anid Foad Regulatory Autharity in Bhulan to assess these applications
The ERA puideline addreszes the enovironmental issswes, while all malecular
nutritional asperiz] are addreszed in the Guideline for Risk Aszessment of Food and Feed
pruducts derived from GM planiz.

This ERA puideline discixsses traceability and labelling in relation to PMEM of imported
and tranzported GM plants, but not in relation tn productom, proressing and sopply
chainy and co-existence. Socin-econamir, ethical and risk/benefit iznaes are alza outside
the scape of this puidalime.

This puideline does not caver GM arganisms which are nat plants and therefore exdundes
consieration of GM mioro-arganisms and GM amimalz




Z STRATEGIES FOR ERA OF IMPORTED GM FLANT FRODUCTS

The purpoae af the ERA is tn assess the potential adverse effects on the environment
throesh the introduction of GM plant produdd=. The ERA of GM plant products involhves
penerating, collecting anid assessing informatium an a GM plant in arder to determine ity
putential adverze impart relative o itz non-GM plant comparatar, and thus assessing ity
comparative safety. The underlying aasumphtiam of the oomparative assessment for GM
plant pruducts is that the biolagy af traditionally cultivated planis from which the GM
planiz have been derived, and the appropriate comparators is well known, To this end the
concept of famniliarity was develaped by the OECD [OECD, 1993).

In the ERA, it B apprapriate to draw an previons knwledpe and experiences and to ae
the appropriate comparatar in arder ta hishlipht differences aszociated with the GM plant
in the receiving environmeni{s]. The ERA [for GM plant products conlaining events
combined by cooventional breeding [stacked events] may alsp involve comparizan with
GM events as well as appropriate comparators [Appendix 4).

The ERA ahauld he carried put in a scientifically apurd and transparent manner. The ERA
should mclude any relevant data [es research data, scientific publications, monitaring
reparis} abizined prior tn and far during the risk assessment pracesz. The purpass of the
performed siudiex, the data and their interpretation, 23 well 23 the assumpiions made
during the ERA, should be dearly described. In addition, the nse aof models oould provide
further information wseful for ERA. The final risk evaluation should result in qualitative
and if passible quantitative condusions on risk that inform rick manasers and allow
decisim-making. Any uncertainties aszociated with the identified risks shoold he autlined.

The ERA shauld be carried out on a cagebyrase hasis meaning that the required
infarmation may vary depending on the species af GM plants concerned, the mtroduced
penes, their mtesdled ose(s] and the potential receiving environment{x). taking into
accaunt specific coltivation requirements and the presence aof other GM plants in the

envirooment

21, Comparative safrly asxcrsonent ax a penrral principle for the rixk
azzezsraent of GM planis

The rizsk aszessment stratepy for GM plant produd= seeks tn e appropriate methnds to

compare the GM plant andd derived products with their appropriate comparatar
[Appenidix 1} Thus non-GM plants and their praducts zerve as comparators for the ERA af

GM planiz The comparative zafety assezyment iz being followed in order to identify
differences cused by either imtended or unintended effects.

Comparative safety assessment indudes moplecular characterisation, the apronomic and
phenatypic characteristics of the GM plant im question, az well as ils compasitional
analyxis (OECD, 1993, FAQ/WHO, 1996)-

Any type of genetic modification of planis may also result in mnintended effectz. The ERA
iz Jocused pn the identification aml characterisation of both intended and unintended
efed=s with respect to possible adverse impacts on the enviranment. Effects can be direct

8



phjectives of the senetic modification. Alterations in the phenatype may be ilentified

throush a comparative analysiz aof prowth performance, yield, pest anid diseaze resistanee,
el Intended alterations in the composition of 2 GM plant compared to it appropriate

comparainr, may be identified by measurements of sinple compoundz.

Unintended effeds of the penetic madification are considered to be consistent [non-
tran=ient] differemces between the GM plant and its appropriate comparatar, which ga
beyond the primary intended effect{s] of inbwducing the transpene(z). Snce these

Sources of data that may reveal susch sffects are:

O Molecolar charactersation
A starting point in the identification af potential unintended effecs iz i analyse the
DNA construct andl imsertion site to establish whether the insertion is likely to have
potential effects other than the intent of the original penetic modifiction [ep
unintended effect{s} could be due to losx of function of an endomenons gene at the

0 Compositional axabysec
Unintended effects may be detected throuph the comparison of the compasitional
characteristics of the GM plant with ilx appmopriate comparator [es unintended
effect{<] could potentially be linked to metaholic perturbations).

0 Aproncavic amd phenciypic dharacterisation
Uninternled effects may also be detected throuph the comparizon of the phenotypic
and apronomic characteristics af the GM plant with itz apprapriais comiparatar [ep.
unintended effects omuld be linked to morphalogical alterations).

O GMplant-envircnment nteractions
Uninterled effects may be detected throuph comparisons of biotic and abiotic
interactions of the GM plant and itx apprapriate comparator with component= of their
receiving enviranment{s}. /r plonin data are the fundamental zource of information
[ef£ unintended effects could be linked to changes in the interaction of the GM plant
an functionality of NTO puilds).

Siatistically sisnificant differences between the GM plant and ii=s appropriate comparatnors,
which are not due to the intended mpdification, may indicate the ponorence aof
unintended efedz, and should be aseszed spedfically with respect to their biological
relevance and potentially hazardons envimommental mmplications. The outcame af the
comparative safety aasessment allows the determination of thoze “identified”
characteristics that need to be aasexsed for their potential adverse effects m the
envirpnment, regandless of whether they were intended or unintended, and will thoes
further structure the ERA.

The level and routes of enviroomental sxpasure o the impaorted GM plant prodorts shall
be taken into account Comparizans shiould he made hetoreen the GM plant and i
appropriate comparatoes [(Appendiz 1) wherever applicable, grown i relevant

9



22, Dhjectives of the different steps of the emvironmental risk assexonent

The abjective of the ERA is pn a case-by-rcase basiy to identify and evaluate potential
allverse effects of the GM plant product, direct and indirect, inmediate or
[pduding cumulative lang-term =ffects] on the receiving environment{s) where the GM
plant pruduct will be releassd

¥
Environmental Risk Assessment (ERA)

(1) Problem formulation (including hazard
identification)

4 I

(2) Hazard (3) Exposure
characterisation characterisation
I |
¥
(4) Risk characterisation

Faadiachk

L J
(5) Risk management strategies

v
(6) Overall risk evaluation and conclusions

L
Overall Risk Management, including
= Post Market Environmental
Monitoring (FMEM)
Fgure 2: Six steps within bhe environmerdal rick emesment [ERA) and relobionsiip in rick
manragement amd momitoring.

Sotrre: CESA 2010
The ERA ronsisty of the six stepas:

1. Prablem formulation induoding hazard sdentification
2 Hzzard characterisation

3. Exposure characterisation

4. Riek characterisation

5. Rizk manapgement strategies

6. Overall risk evahsation and comdusions

10



The ERA i= condurted starting with Step 1 and moving towards Step &; Step 2 and 3 cn,
hirwever, be carmied aut in parallel [Fipure Z). K np hazanis are identified in Step 1 then
na further risk svaluation is required. Any unrceriginty inherent to the different steps of
the ERA shauld be hiphliphted and quantified as much as possible.

2.2.1. Step 1: Prublemn [ormwiation: imcoding harxard idestification

The rizk asseasment bepins with problem formulation in which all impartant qoestions
aasesament

In this doument, prablem formulation siarts with the identificatson of whether the GM
plant product conizins or consists of any viahle material from which plants could be
penerated The characieristics of any exiablishing GM plant capable of caxing patential

alverze effects tn the envirooment [horanis), of the nabore of these effects, and of
p:ﬁmysnfnpmmﬂum:ghwh:hﬂmﬁﬂphntmr:ﬂmﬂr:fﬂdﬂmmmmt
are considersd. It alzo indudes defining a=spasment endppiniz and setting of spechc
hypothezes in puide the peneration and evahmation aof data in the next risk assessment
Inmpwiedpe and kniwledpe paps are cansidered.

Prublem formulation starts with the identification of the hazarils of the GM plant praducts
and their mse. A comparizan of the characteristics of the GM plant with thoze of i
appropriate camparator [plant] enahlexz the identification of differences in the GM plant
that may lead tn harm [Chapter 2.1). Theze differences are identified im the problem
foromlation procexs in arnder o forus the ERA on the poteniial environmental
consequences of these differences. While apme differences may be deemed irrelevant to
the azsesyment, pthers will need to be assessed for their potential to cause barm. Maore
detailed puidanee for applicants on buw ta apply problem farmulation on specific areas of
rizk to be addrezsed in the FRA is provided in Chapter 3 of this document.

After udentifying the hazards and potential adverse effecis that warrant further
consileration, prohlem ormulabon considers the available information on exposure
throush which the GM plant produdt may interat with the environment. The intendesd
uses of 2 GM plant praduct, such a3 processing, food, feed, and the pathways and levels of
exposure af the GM plant prxchsct to the enviranment will vary. The prablem formulation
will consider exposure:

1] Via the acridental releage imto the envinmoment of viahle prapapules, such as aeeds,
sporadic feral GM plants and:

2] Indirect exposure, for exmmple, through manure and fEeces om the
pastrpintestinal tracts mainly of animals fed the GM plant products, and far;

3] Organic plant matter either imported 2= a fertiliser or soil amendment ar derived
from ather bioproducts of industrial processes.

A crucial step in prublem formmulation is ta identify the aspects of the enviranment that
peed tn be pruteded from harm acoconting to the envimpomental protection goals of

Biuwtzmn. BEecasse protection goals are often peneral concepts, they should be transdated
initn measurable assessment endpoints [Suter, 2000, Romeis et al, 2008, Sanwido &, 2009,

11



EFSA, 2010f Walt =t al. 2010). Defining asseasment endpaints is neceszary to focus the
risk zseasment an asseasable/measurable asperiz of the envirooment - a2 naibural
respuree [Ep. matoral enemies] pr nabural resource service [eg biplopical combrol
functioms of pest populations performed by patural enemnies) that could adversely he
afferted by the GM plant and that require pratection from harm.

Subzequently, within the problem formmlation, the identified potential adversze effecs
need to be linked to aszessment endpainis in ander tn derive iestable hypathezes that
allow guantitative evaluation of the harm posed to those aszessment endpaints. The
hypotheses are of impariance as they will further puide the setting up of 2 methodolopical
approach on how in evaluate the mapnibsde of harm Throush hypothesis, asseosment
endpoints are translated inin quantitatively measurable endpoints, termed measurement
endpoimiz (suwch a3 measurements of marizlity,. reproduction, alnmdance]). A
measurement endpoint can be repanded 2= an indicator of chanpe in the asse=sment
endppint, and constibries measures of bazand [Chapter 2.2.2) and exposure [Chapter

223).

Finally, for each measurement endpaint, the level of environmental protection to he
preserved iz expressed throuph the setting of Timits of concern” which may take ane af
tero forms For shsdies in the environment{s) that are controlled [Chapter 3.4) the limits
of concern will umsally be trizmer valnes which, if exceeded, will either lead to roncnsions
pn risks or the need for Grther assessment in receiving enviranment{s). For field studies,
the limitz af conrern will reflect mare directly the mininmm effect that = considered tao
potentially lead tn harm [alsp see Appendix 2}, K theze limits are exreeded, then detailed
quantitative modelling of exposure may be required o zcle up effeds at the Held level
bath tempaorally and spatially. Limitx of concern can be defined hy Literature data,

Thnmfnrmhnnmnmdﬁedmprublemfmmulahnnhknm:njrfurms.mduﬂmg

Problem formulation is always an a case-specific basis:

O Identily characteristics of the GM plant pruduct and, where appropriate, the
associated production amdl manamement sysiems capable of causing potential
alverse efferds to the environment;

O Ndentily the potential adverse effects lnked tn thase harmiful characteristics;

O identify exposure pathways through which the GM plant praducis may adversely
alfect the environment;

0 Define asmessment endpoints beinpg representative of the aspects of the environment
that need ta be protected from harm aconmiling to protectan poals 5=t put by Ehtan
and their translabion into national policies, and describe criteria nzed for the
selection of aszessment endpaints [es relevance, practicality);

O Define meammement emudpoints that cn be 1=ed to axspas the potential karm tao
aaseszment endpaints defined:

14



0 Farmulate testable hypotheses that are clearly phrased and eaxily transierable to
iata to be penerated ar evaluated;

Set the limits af cancern for each mexurement endpoint;

Consider knowledse paps [such as scientific unrertainties].

[y

- om e g __ vm_
z.z.n.mqla.mmm

Haxzard charaderization in this puideline is defined as the qualitative and far quantitative
Evahiation of envimnmental harm associated with the bazard as set out in ape ar mare
hypothezes derived from problem formmilation.

The mapnibule af each potential adverse environmental effect should, i passible, he
expressed in quantitative rather than qualitative terms. Onlered catesorical desoriptions
muh a3 “hish®, "maderate”, "low" or "negligible”, where the andering is from ‘hiph' at one
end o "peglipible’ at the pther {Lin and Apresii, 2005} may be wed to place identified
hazard on a scle of severity. If at all pessible, these terma should themsehes he defined in
quantitative terms, as precizely as possible. If the expression of mapgnitndes = not made in
quantitative term, bt zolely nsing the “ordered cateporical description”, a justification for
this catesnrization is necesxary amd should he provided.

The following dassifications are extracted fum the Ewropean Commission Dedsion

20026213 fEC [EC, 2002] andl are sugpested as illusbrative and qualitative examples im a
very broad sense. They are not imtended to be definitive or egdusive, bot to pive an

Gl i e e ] —t— e e et b e s e sl el e e e s e
INNTNG TR o i T TS Wik WP A bRl (L s Oiiive Wikl Toipning Wiy Wil

COMSeIETIDES:

O "High level conzequencex” might be sipnificant changes in the numbers of ane ar
mare species of other orpanisms, nodulding endanpgered and heneficial species in the
short or loogterm. Swch chanpes mhpht mclude a redodion in or complete
eradication of a species leading to a pepative effect on the fmctioming of the
ecasystem and far other comnecied ecosystems Such chanyes wounld prohably nat he

readily reversible and any recavery of the ecosystem that did take place would

sk s o ol
[ 1]

e st La LALFEE g

O "Maoderaie conseqnences” mipht he sisnificant chanpes in population densities of
ather prganizms, but not a change which could result m the total eradication of a
species or any sipnificant effert on endanmered or benefical species. Trangient and
subsiantial changes in populations might be inchsded if likely to be reversible. There
could be lonpg-term effectz, provided there are po zerins negative effects oo the
hmctioning af the ecosystem;

O "Low level conzeqoences™ mipht be non-sisnificant chanpes in population densities
af pther argamismas, which da not result in the total eradication of any population ar
speciea af pther orgamisms and have oo nepgative effeddts on hmnclioning af the

ecasystemn. The anly orpanismes that mipht be affected would be non-endanpered,
non-beneficial species in the short or long-term;

O "Meglipible comsequences” would mean that no sipnificant changes had been cmszed
in any of the pogilations in the envinmment or in any erosystema

13



2.23. Step 3: Exposare characierisation

This step is to evaluate the exposure, Le. likelihood of adverse effects ponarring, and 1o
estimate the exposure quantitatively.

Far sach hxzard identified and characterized, it may oot be poasihle tn extimate the
mpnuure{hhhhnnd]pr::naly IJkelihundnfElpmure:anbeuprmadnﬂmr

'naghguﬂ:']urqumhhhvdyuard:hmmmmnfpmhahhﬁr[fmm.-mm
where zero represents impossihility aod one certainty). However, if qualitative terms are
wsed to express such likelibpods, then the link between likelibnod and probahility shoald
be accoumted for. Thus, whatever term iz chogen, an indication should be piven of the
range, within a pumeric scale of O to 1, to which the term is intended to refer. For eample,
“the likelibond of expasure of 2 pon-target lepidopieran spedes to Bt toxin [CrylAb
prntmn}mﬁddmnrgm:w:::ﬁm:hdhhemndﬂnh.whﬂe'mndm’mﬁﬁ:mntnt

J—— [ — n - a_ noas

[llm‘"’ll.[ll[ll.ﬂ:l‘i.l]ﬂ: B TR
2231, Broeiviog coviioanneirds

The receiving environments are the envirooments inin which the GM plant praducts may
be released and into which any viahle GM plant and transpene|[s] may spread.

A receiving enviromment for 2 GM plant iy determined by three companent=-

O The chararteriztics of GM plant [ep. plant species and bybridising relatives, senetic
modification[z]):

O The pgeosraphical romes [eg the climate, altibede, =ail water, Hora, fauma,
hahitats... )

a Mm?mm[eﬁmﬁmmmmmﬂm

Mﬁrmmmpunmhhstnd:hmnmultmhuh:mdahnhnniﬂmﬂmt:hﬂlhn
consilered by applicanis when esiablishing representative  scemarioz

receiving enviromment{s] Jor carrying out the ERA of unintended releaze of GM plants
[Table 2} A broad range of environments in terms of fauna and flora, dimatic conditions,
hahitat romppsition and ecasystem hunctions and biman interventions accwrs in Bhutan,
Acrordingly, GM plants will differ in how they potentially interart with thoze differing

Envirommeniz.

The ERA zhall be carmied oot pn a casebyrase basis, meaning that the required
information varies depending on the types of the GM plant products and brait{s)
concerned, their mtended nze{a), and the potential receiving environment{xz]. There may
be a broad range of environmental chararteristics (regional specific] to be talen nto
arcount. To support a casety-caze axsesyment, it may be nzeful to dassify repional data,
reflecting aspects of the receiving envimmment{s} relevant in the GM plant [e.p. botanicl
data on the poorrrence af compatible relatives of GM plant= in different agricoltoral ar
[zemi} natural hahitats of Binstan).

Relevant baseline[s] of the receiving environment{s]. indwding production systems,
(harmful)] characteristics of the GM plant Relevant haselines refer tn current producton
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systems for which penerally published literabure is available. These baseline{s} serve as a
puint of reference apainst which fubure choanges can he compared. The haseline[=] will
dependl to 2 considerable extent on the receiving envirooment{s), mchiding biotic and
abiotic Goiors [for example, naboal preserved habitats, asricolbhral Grmland ar
contamimated land).

Both the plant and the tramspesic trait{s) determine where the GM plant will most lileehy
establish [Table 2} GM planis will penerally anly survive in peosraphical zanes where
their non-GM counterparts accur unlexs they have specific new GM traits that allow them
i porur in pther regions.

Transgenic traits such as biptic [e.p. pest resstance] and abiotic stress tolerance [eg.
droeght and =alt) will also indicate whether GM plants are likely ta survive in different
enviromments from their progenitora. Thersfore, theze elements should be taken into
arcount when defining the potential receiving environment{s} far the ERA of the
unintended release of each GM plant

Applicant=z shonld mitially consider reprezentative acenaring for the unintended releases of
viahle GM plant products, inchuling a worst-rase scenarino where the exposure and impact
are expected to be the hiphest

Applicants shall describe-

a mmnfﬂmmmm&eﬁmﬂaﬂuhhﬂyh

O The relevant manamement systems aof the mbroduced plant {ep. nse of the plant,
transpart, disirilnition, production systems);

a Themgenfrﬂlzmthmcmtunhnm[ng.ﬂmmtemhemﬂamm
pther organisma) likely to conur in the receiving eswironment{z] t=king into
mnmdmﬂ:emgeufnamﬂlmnmmt:lmnd]hmpntﬂhmgmh
[pduwding those related tn species differences acroas Bhwtan) and praducton
systemz Where apprupriate, the presence af crpss-~rompatible wild f'weedy relatives
nearhy, the ahility of the GM plant to form feral papulations and hence the patential
impariz pn the receiving envimoment should be considered.

are representative of the ranpe of receiving environment{z] where the GM plant is likely
o be dispersed in Bhutan.

2.2.4. Step 4: Rizh characterisation

Risk iz chararierized by combining the magnibule of the conzequences of 2 hxzard and the
likelibpodl that the consequences accor [EC, 2002} It is described in this puideline a3 the
quantitative pr semi-quantitative estimate, af the probability of ponorence and severity of
harmiul sffect{z) bazed on problem formulation, hxzarl and expasure characterisation. i
iz importzmt that the values obizined for each measurement endpoint are related o the
limits of concern to test whether the phyerved effect falls within thase limits and, thereby,
o zid in the assessment of the binlogmical relevance of the chserved effect (Appendix 7).

On the basis of the conclisions reached in Steps 2 and 3, an estimate of the risk of adverse
efferis should be made for each hazarnd identified in Step 1. If 2 hxzard hag mare than poe
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alverse effect, the mapmitude and likelihapd of each individual adverse effect ahould he
aasessed Where precise quantitative evaluation of risk is not possible. terms should he
defined where possihle.

0 The mapnibxle of the conzequences of the hazard (Chigh™, “moderate”, “Jlow™ ar
“neplimible”, with an explanation af what is meant by these terms):

O The likelihood of the conzequences related to hazard conurring [Chiph”, "mpderate”,
“low” pr “pegligible”, with puantified definitions of terms, using ranpes af
prubability} in the recsiving environment{x).

The risk s characterispd by combining the mapnitude of the consequence of the hxzard

The enmscdb i foe el e efed el cleewald e Jd fhm ] e et el b
LANC LULCELEENLY JRA Tocll JIKIEKD MEE RIiiD of OCSCTios 7 L LLieWallily B LY

induding documentation relating ta:

Asamptions and extrapplations made at various levels im the ERA;
Dilferent scientific axsessments;

Spedibied unrertainties (alyp see Appeniliz 3}
Conchxinns that can he derived from the data.

OooOoono

complete.

2.25. Step 5: Rish manapement shrateies

When the risk characterization [Step 4] identifies risks that viahle GM planis could be
releaspd, them applicanis shoold proppse measores to manase them These risk
management strateies should zim 1o redee the identibed risks assxociated with the GM
plant product ta a level of no concern and should consider defined areas of uncertzinty.

Applicaniz ahoull describe the risk manapement in teyms of redocing harard and far
exposure, and the consequent redurdson in risk should be quantified [when possible).
in the GM plant which can reduce these risks, then the reliability and efficacy of these
characteristics should be aasessed In addition, if applicants place restriclions ar
conditions on the release of a GM plant product in order ta redoce risks, then the efficacy
and reliability of these measures should be Zapased

In cases where the risk asseeament has ientified that viable GM plani= could be released,
applicanis ahauld alzo state the meazures they will put in place poat-commercialization in
prder to monitar and verify the efficacy of the risk manapement measores and to allow
changes in risk management sratepies in cage dreumstznces chanse, or pew data become
available which require chanmes to the risk management [alza == PMEM plan in Chapter
4).

16



2.2.5. Step 5: Overall risk evaluation and condosions

An evaliuation of the overall risk of the GM plant prodiscts should be mades taking inta
arcaunt the resuli= af the ERA anid assariated levels of uncertainty, the weipht of evidence
and the risk manasement stratesies propased [Step 5] in the receiving enviranment{s].

The pverall rsk evaloation shanild result in informed gualitative and, if possible,
quantitative pudlance tn risk mamapers. The applicanis ahoull explain dearly what
assumptions have been male during the ERA and what iz the natuwre and mapnitude of
uncertainties assciated with the risk{s). When risks are identified in the averall rizsk
evahiation, applicants should indicate why certain levels of risk might he accepizhle.

The pverall risk evaleation, induding risk management stratepies, may give indications

for the requirement of specific activiiies within environmental munitoring [EM] af
unintended release of GM planiz. ERA and enviroomentz] munitoring are clossly Linked.

The ERA pruvides the basiz for the monitnring plans, which fomus on detecting amy
allverse effects on human bhealth and the environment in the receiving enviranment{s).

EM may provile data on lang-term, potentially adverse sffects of GM plants. Monitaring
Teqults may confirm the aanmptons of the ERA ar may lead to its re-evaluation [Chapter

4).

ERA i an iterative prucesz. If new information an the GM plant and itz effects an buman
health ar the environment becomes availahle, the ERA may need to be re-addressed in
prder in [1} determine whether the risk charaterization has changed; and [2] determine
whether it iz neceasary to amend the risk manapement

2. Crox=-culling considerations

See Appendices for information on comparators, statistical analysis, stacked events and
long term effects.

3. SPECIFIC AREAS OF RISK TO BE ADDRESSED IN THE ERA

The import of GM plant producis should he risk sxseased by initially addressing the 4
spedlic areas af rixk:

1) Perzigtence omd invasiveneas of any GM plants that are unintentionally released, ar
ilz campatible relatives, following pene Gow:

2] Planttn-micro-prpanism pene transfer;

3] Interaction af the unintenticnally released GM plant with non-target organisms,

4] Effed= on buman and animal health [through non-fopd ffesd expozire).

Far each specific area of risk, applicantz are requesied to provide information im 2 dear
and concise way, lallowing systematically the first 5 Stepa of the FRA as described helow
and in Chapter 22

O S5itep 1: Prablem furmmilation [Chapter 22.1]:

0 Step 2: Hazard characterization [Chapter 2.2.2);
O Step 3: Exposure characterisation [Chapter 2.2.3];
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O Step 4: Risk characterisation [Chapter 2.2.4];
O Step5: Risk manapement stratepies [Chapler 2.2.5);
O Step G: Overall riak evaluabion and candusions [Chapter 226}

Far each specific area of risk [Step 1 ta 5], applicmis shauld conduwle by summarizing the
aazeyament, the asmmptions taken, the available mformation and identified papa, the data
pruoduced, the estimated uncerizinty, the charaterization of the risk{s] and the need, ar

At Step 5, applicants are requested to consider the averall evaluation performed and to
pruvide averall concheions and recommentdations of the ERA. The overall condusions
induoding the PMEM and therefare, a link ta Chapter 4 should he made.

3.1. Finess of omintestionally released GM plaxis and axxociated pene Bow

This zection relates in the unavoidable importation of viahle GM plant produciz in
admixture with the non-viable GM plant products Jeading ta the imintended introduction
of GM planix inip the enviranment If the problem formulationm determines that na
alventitions presence of viable material will aocor then applicanis da ook peed 1o
congiler this part of the risk assesxment and can po o Section 3.2.

311 Sewp 1= Probless forsmolation

Spme enviranmental concerns ahput M planis relate to the fitness of the GM plant in
terma of potential perzistence or invasiveness of the plant izelf, or of iz compatible
relatives, a3 a result of vertical pene Bow within either agricultural ar pther production
systems, ar semi-natural and naberal habitats. Enhanced biness can be defined as a
characteristic of an individual or sub-population of indivicheals that consistently
contribute mare offspring ta the subsequent peneration [Wilkinzon and Tepfer, 2049).

infleences like mowing), partiularly upon the presence of inter and intra-specific
can be measured by the number of seeds [or propasules] pruduced in relation to the
oumbers af apeds zowm, as this is a reflection of how the life cyde of the plant is

respandling to the environment in which it iz prowing (Crawley et al, 1903].
In some shulies, pther components of fitness are measured — requently this is fecondity

an it reflecis zeed numbers (Snow £t al, 2{K3). I ather vital ratez [e.p establishmoent,

persistence, vipour, oompetitiveness) are unchanged [which i an assomption that should
be subsiantiated), an mcreazs im [(eomdity will aften lead to an imcreaze im Giness.

Varialioma in fitness accarding to binbic and abiotic canditions are often referred to as the
‘menotype by Environment” interactions and s, it is important that the appropriate range
of enviranmental conditions are consilered when assexsing fitness changes and impacts.
The potential adverse effecis assodated with changes im Giness of the GM plant are of twa
main types
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1] Firat, enhanced fitnesz of the GM plant or of transmenic [inbropreszed) wild

relatives may make them more permsistent, allowing them to establish in
i land and become problematic weeds.

4| Sﬂmnienhmmdﬁtnmnfhmsgem:feﬂlphnhmnfbamgamnfmhngrmﬂd]
will relalives In semi-natural or nateral habitais may  reduce
dmﬂmtyf:humhn:eufﬂluedﬂnrﬂ:ndfmmanrmshn:e.mphntspm
may be displaced, which in turn might affect specdes that uze those plants as food,
shelter, et

firer o wild relatives may decrease the Giness of hybrid offspring. Therefore, problem
formmlation should foeos an the potential of a GM plant ta be mare persistent or invasive
than conventional counterparts, and an the patential for pene Aow to compatible relatives
whose hybrid pffapring may become mare weedy or invasive, ar may suffer fram
To cuover all relevant receiving enviranments of the GM plant and its compatible relatives,
prublem fornmilation should adidress nat only the conditions of the production systema
under which the GM plant will be prown, but also the relevant semi-natwral and natural
hahitaiz B shoul] consider viable GM plant seeds or prupapules apilled during import,
transpartation, storage, kandling and processing that can lead to feral plants that calonize

A staped approach describing bow the presence of an introduced trait may exacerhate
weed prablems in a pruduction sysiem, or come envirommental harm within the wider
Envirpoment is prapased as outlined in Figure 4. The purpose of the staged approach i ta
ensure that relevant caze-specific infarmation is supplied to test hypotheses formulated in
the problem formmlation process, and that formabion requirements remain
prupartionate in the potential risk

Questipns 1 tn 10 in Fipure 4 autline the syues to be addreszed ta estimate the likelihond
of accwrrence of adverze effects in apricultural, roderal, semi-patoral and nahoral
environment=. These questions are divided into different stapez. Whether imformation is
mqmr:dfur:ﬂat:gmnrnﬂyfur:pauﬁ:at:gmmﬂdnpenﬂupunthnhmt[:}plmt
species, the intended wpae, receiving environments under consideration, amsl the
conchions drawn from krwer stapes.
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1. Can the GM plant grow In Bhutan? Are there any unintended
@fferences In growsh characienstics in comparsion & the
conventional counterpart?

2 Can the GM plant Itsalf or lts progeny ovenwinier In Bhulan? Are
there any uninfiended difersnces In overadnterng abllity in
comparisan to the conventional counterpan?

3. Can the GM plant reproduce and hybridise with compatible
relatives In Bhiutan? Are thers any unintended diferences In

hybridisation poteniial In comgarison to the conwentional counterpari?

Stage 1 Information required fo answer question 1to 3

NO more
data required

4. Will the GM plant be more persistent than

. Wil the GM ball Increase the Tiness of

or compaiible relative under agricuture condlfions?

Stage 2 information required to answer question 4 fo &

conventional umn’a!lpat: under agricutiure conditions? A agricutiural or
11 dhn SRS bl lmnen e Hen MEass of Hee S ok emironments! i

E. Can the GM plant form faral populatians?
7. Can the GM plant hybridise wih sympatric

compatibia relatives oulslse production sysiems?

b

B. Wl the G tralt alier the Mness of feral plants or
compatibie relatives In semi-natural habiats?

L WA the GM tralt ater the range of feral plants or
populations of compatible relatves?

<

10. Wil the GM tralt cause populations of feral planis
ar compatible relatives fo change In slze?

|5 there an What sk
management
e hainis SV T o MSasiles Way
Impact? be required?
|
Mo more
111
data
@ required
l Stage 3 Information required fo answer quastion 8 & 5
iR is] Mo more data
e} requirzd
Etage 4 Information required to answser question 10 & 11
Homone
0 i bath daka
required
Wil this What risk
o Cause management
enuironment | | measures may
al gamage? | | be required?

F@.H{Qmmm&ammdmmmmm

hvpolhees concerming pariiviancs ond
intrograsad reotives, ax a resull of vartical gese flaw.
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Information required for testing the hypatheses formulated in the prablem formulation
prucess can be species, trait- or event-apecific This information can be extracted from
sources. Some GM plants with the same traits or gimilar eveniz may have besn grown [or a
number of years at a large scale auiside Bhutan such that hield-penerated data on fitness,
persistence ar mvasivenesss are available. Applicanis shanild indicate the relevance af the
ilata for the range of potential receiving snvironments in Ehutan

Species-spedfic hacdkpround mformation iz required at the out=zet, describing the biclapy
of the parental spedies mchuiding reproductive bialopy, survival, disperzal and ulimtion
characteristics in different environments. In addition, sexixal ocomipatibility with pther
miltivated or wild planiz ocarring in Bhulan, and the hialogy and ecalogy of these
relatives shauld alap be cansidered. National Bisdiversity Centre has initiated the shulies
on Crop Wild Relatives andl the information an the orop wild relatives is available fram
Naticnal Bindiversity Centre, Thimplow

In consklering the questions in Fipure 4, the mechanisms and routes by which plants are
exposedl to the imbrodured trait shounld be taken imto acommt

FurGthnt:pphmhnmfurfund:ndfnedmmpnﬂanﬂprnmg.ﬂmEﬂnnn
and invasiveness is concerned mainly with the envimommental cmaegquences

uf:ﬂdenhlmlﬂuﬂnfvnbleﬁﬂsﬂﬂd:mplﬁpngahngmﬂﬂrnldumglmpmh

tran=partation, storage, handling zmd processing. Thersfore, the ERA needs tn consider

the zcale of enviranmental exposure, and if this conld ultmately lead tn GM planty being
tablished in . - :

Sape 1 consisty af provuling event-=specific information that enables the GM plant to be
characterised, identifying intended and patential unintended differences between it and
conventional counterparts. Information pravided should be used to establish whether [1)
the GM plant can grow, reproduce and overwinter in Bhuotan, and if 5o [2] how its growth,
repraduction and pverwintering characteristics compare o itz conventional counterpart.
it is ppsxible that GM traits may move ta wild relatives through hybridisation within pone
prowing sexsan, even if the &M plant iz unable to pverwinter — consequently, it is
important that the hybridization potential described in the backpround information is
consilersed before concluding on Stage 1 infarmation requirements. It shuuld thus bhe
consilersd whether sexnal compatibility with any relative species i altered since this
may result in differences in the rate of pepe flow and the establishment of transgenes in
pther speciea

Far planiz that can either reproduce or pverwinter in Ebutan, Sape 2 ahauld explore
whether the GM trait will enhance the patential for the GM plant to contrilnete to weed
and vahmtrer populabions and perzist in production sysiems, and if =0, ame=s the
patential enviroomental cansequences.

Stape 2 will also esiablish whether the GM plant will be capable of forming [eral
populations autzide production systems, or whether the transpene can he transmitted ta
:nrrehhmmdepmﬂ:nﬂynfthnmtmmnfm]un‘lnu:urfﬂﬂawm

mmmmnrmmmnmwmm

to production systems.
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K feral populations are likely andfor if hybridization iz plassible, then Stape 3 requires
information to establizh if GM traits will alter the fitness of feral plants, or of transsenic
[iotropreased) wild relatives. Sinee feral plants, or transgenic (inbropressed) wild relatives
may exhibit fitness diferences aoross a wider range of environmental settings, siape 3
alzo congists of providing infarmation that enchles aszessing the ability of these plants ta
pocupy larmer ecolapical niches than their conventional counterparis | is possible that
certain GM traits may enahle the GM plant to expand itz peopraphical ranpe, and to prow
in new areas cloge to wild relatives from which it was previously izolated, ap the patential
far this should be considersd

Finally, if altered fitnesz or the ability to ocoopy new miches are demonstrated, Stape 4
imvale new cammuuities or, alternatively if this will lead tn populations of wild relatives
to dedine or become extinct In both cxes, the potential enviroomental conaeguences
should be assessed.

Trait-specific infarmation will be appropriate ta address questions of changed fitness in
Stapes 2 o 4, provided that poteniial unintended effects, resulting from the
tranzlarmation proceas, bave been abown not to alter the bGineas of the GM plant
comparei to ity conventional counterpart in Stape 1.

3.1.2. Step 2: Harard dharacterisation

Step 2 aof the ERA consists of characterising any hazanis, #lentified during the problem
foromilation process, which might lead tn adverse effecis as a onsequence of altered
filnexss, persistence and invasiveness in apricultural, disturhed (&g, nuleral], semi-natural

or natural environments,
3.1.2 1 Sechground infarmaiisn regqoiremenix

Applications far impart and processing of GM plant material, which inchsde adventitimes
prmmnfvdﬂeﬁﬂm:t:ndshnnldprnndemu:lbaﬁhgrmmdnﬂnrmahnn

describing the parentzal species. Species-specific information pn the
characteristics shoull be piven in onder tn summarise existing knowledse of that species.

i) Repraductive biology
The repruductive hiclogy of the paremial species, mclhuding their mode(z] of
repraduction, disyemination and sarvivability are important, as planis hawve
temparally via the transfer of pallen, seeds, or vegelalive prupagules, this
iption should consider relevant avemses and vechors for pene How, topether
with factors that affect the probability of these processes.

B) Choracieriziirs oxsocioied with weedioess ood invosiveDess
Characteristirs axsociated with weeldiness or invazsiveness have been bred out of
many crapa during domestication [Warwick and Stewart, 2005), thouph the depree
of domesticotion varies by coop. While moast craps share a similar sute of
dnmr.ﬂ::hmmm,mspm-nﬂyshﬂmm“ﬂdynrmm
disperzal mechanisms, sbrong competitive ahbility: Warwick et al, 2009). R ia
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therefore conzilersd ns=ful to desorihe characteristics of the parental plant species
that may favour weediness or imvasivenesx In this respect the history af
multivation of the parental speces an be exmmined for confirmatory evidence af
whether these planis have berome a2 weed ar invasive elsewhere. Histaric data
from a repion may he a valuable indicatar of the potential for persistence ar
imvasiveness of the GM plant its=if.

c) Fecters Iniliog persiviepoe ood Gnocveoesy
Many abiotic amdd biotic factors Limit the ability of plant=s tn form zelf- sustzining
populations under sither cultivated or uncultivated conditions i is therefore
relevant to describe factors that may restrict ar limit the niche of the plant ta
certain hahitals, or that may contral itz population sizre, arcanding ta the current
state of knowletdse.

:[]ﬂj'hT:m od infrogrectioe potenibicl with any sympolric compolibie
Sexunal compatibility with other cultivated ar wild plants accorring in Bhotan is to
be conzidered in peneral terms. The potential for a plant to hybridise with a2 wild
relative i hiphly dependent an their sewual compatibility aod relatedness
[Eaztham and Sweet, 2002, Histrand, 2003, [enczewski et al, 2003, Fiiz Jobn et al,
2007, Jorgensen et al, 2009). Some level of penetic and structural relatedness
between penomes af hoth speces = needed o prodhsce viable and fertile plant
species must poour in their respective distribution range of vishle pollen, which
requires at lexxt partial overlap in Howering in time and space, aml comman
pallinatars (if imzectpollinated). For the stabilization of the tranmspene intn the
pename of the recipient [inbopression). genes mmst be trapsmitted throuph
muresxive harkernss penerations ar selfing, [Ellstrand et al. 2013)

Therefore, the rizk characterization shauld consider feahsres nsch az the proximity af and

flowering of wild relatives, and the viability, fertility, penetic compatibility and
fitne=a af bybrid and backiross plants.

31.1.2.2 Sioge 1 information reqoiremenis

Applicatins for impart and processing of GM plant material, which inchede adwentitimss
Stape 1 of Fimure 4. The purpase of this information s to answer whether the GM plant
and itz progeny cn arow, overwinter, regruduce and hybridize in Biostam, and if 50, how
the phenotypic srowth amd reprodudson characteristiics compare to conventional
counterpari=z

Stape 1 information shpuld inchide whether there are any umintended differences
bahumﬂmﬁh[phntmdﬂ:mhm:lmmbrp:rtmg‘nwﬂlr:pmdu:hnnur
hybridization. To answer these questions, event-specific information on the following
characteristics should be collated amd axvessed, and compared with thoase of the
conventional counterparts. For stacked events, applicants should consider whether the
combimatson of evenlz may lead to enhanced persistence or invasiveness that is more than
the expected from the simple product of the single traitz. Additional field data may he
required if chanpes are abaerved im phenotype or prowth characteristios [em such a3
behaviour, bGimess, reproduction, survivability or dssemination).

23



3]

b)

5

Secd gernminolion charecterisiion

Growth chamber experiments or information collected during Geld trials enable
aasesoment of seed permination characteristics of the GM plant under varimns
conditions. The comparison of permination characteristics between the GM plant
resulting from the transformation process, in the GM plantz that require further
analysiz.

Plrnolype ooder agronamic conditisns

The peneral phenntypic and apranamic characteristies of the GM plant shauld be
aszesged in muli-location Lield trials reprezentiative of the different environments
where the GM plant may bhe prown in ander to establish intended or potential
unintended differences between the GM plant and itz conventional ommtespart
[e.p- Harak et al, 2017, Garcia-Alansa, 2009, Raybauld et al, 2009} Characteristics
under consileration indwle plant establishent and vigpor, tme to Bowering and
maturity, prowth, plant heisht and dry matter production, aeed and yield
characieristics, vernal=ation requirement, atbractiveness ta pallinatars, and pallen
shed, viability. compatibility and morphalogy.

In adilition to plant prowth, development and reprodisction abzervations, any
visnally obzervable response to naturally amarring inzects, dizeases and for abiotic
streszora [such a3 heat, drought, and excess of water) should be reconded during
the arowing seazon, as these phaervatipns provide indications of hiatic and abiotic
sbresz responzes and thus suzceptibility fardaption tn stres=es. The comparsan of
pPhenntypic and apronomic characteristics hetween the GM plant and il
conventional counterpart might identify potential mnintended changes, resulting
fram the transformation process, in the GM plants that require further analysis.

= factive bic
When conzidering the potential imparct of pene transfer from GM plants, it is
important to assess whether the GM plant has any different capacity for pene
transler than ilx comventional counterpart. The pene{a) inseried may modify the
polential for plant in plant pene tramsfer due to aliered Hower biology [ea. altered
filrwering perind}, attractiveness in pollinatars, fertility, or changed pollen viability

Secd permintroos lesdiag tn volooirer ood weed ooarrenee

Mexurementy ar obzervations swch as volhunteer number in suhsequent
oropsfplaniations indicate the potential for seeds and vepetative propapoles from
a GM plant to mive rize to volunteer populations. Past-harvest field inspection data
in which vahmtesr numberz are reported can aerve as an information apuree amd

pruvide indications an the pverwinlering potential of the GM plant zeeds. Seed
burial experiments —n also give indications of chanpges m dormancy and seed

persistence [eg. Hails et al, 199?]

31.1.2 3. SIngr 2 information respriremenix

Stape 2 mformation will be required for plants that could overwinter im apme parts of
Bimtan umder production sy=tem [ep. apriculural] conditiars, and for transmit penes ta
compatihle relatinees that could overwinter. The risk aszessment should cansider whether
the novel traits and phenatype of the GM plant could cmss the plant to become 2 mare
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serious weed within produrction sites With GM plants with more than a sinple event (=g
starked eventz), applicants shonld consider whether the combination of events may lead
o enhanrced persxtence or imvasiveness that is mare than the simple product of the single
trait=

Data an relative persistences and fitness af the GM plant imder production cenditiors may
be available in the scentific literature, or new data may be required in the form of:

1) Mamnitoring of existing GM plants in comparahle dimatic conditions;:

2] Mamipulative field sxperiments comparing GM andl conventional plant fitness
under a range of envimmmental copditions representative of Elntan's receiving
Envirpoments; and for

3] Population models parameterized by appropriate field data tn explare the long-
t=rm persistence of GM trails in relevant cop rotations.

Since relative fitness i dependent upan the enviranmental context, the mast direct way ta
measure fiinesz i by conducting experiments at sites in representative repions of Ehotan
pver a minimum of two years. If this is mot feasible then data should be collected fram
prowth chamber and micrormsm experimentzs cn reveal differences under specific,
passibly ideal conditions [ep. Snow et al, 1999), and such experiments can be mare
highly replicated and therefore more powerful than field experimentz. However, abzerved
differences in controlled canditions do ot neceszarily tramslate inin field conditions and

may require forther data or population modelling tn allow a complete interpretation
[Birch et al, 2{007).

Persigtenrce or enhanced fitness af valunteers ar bybrids ahoull be considered m the
context of typical cop roiations. For example, herbicide tolerant Brosoor nopus, could
trapsmit herhicide tolerance genes to weeldy Brescce rapa. The presence of herbicdde
tplerant B. repe may be relatively inconsequential 21 this weed, and crop valuntesrs, may
be contrulled by alternative herhiciles. However, persistence of transgenic weedy B. rapa
roased with A rapes hyhrids in 8. nopox cropa could have omsequences.

Crupa vary considerably in their ahility tn form feral popnalations amd thix is extensively
recorded in the scientific literature (pp. Eapavathiannan and ¥an Acker, 200E]. If the

conventional cup lorms feral populations, then this will allow the GM trait ta persist
putsde production systems, and the consequences of this will need to be assexsed [Stape
3). Similarly. thers is extensive literature availahle an the aprnal compatibility of cropa
potential to mave beyond production sites throupgh hybridisation and intropression inta
wild relatives. ¥ the GM trait i unlikely tn mave beyund production zites via either of
these routes, then the characterisation shauld stop at Stapge 2.

I 1.2 4 Stoge ¥ informalion requirements:

Siape 3 information will be required for plants that can form feral populations in zemi-
natural hahitatz, ar for which there are zexually compatihle wild relatives that are likely ta
be recipients of transpenes.

The risk assesyment will need to evaluate whether feral planis, or compatihle relatives
contaiming the GM trait, will exhibit changed Giness in zemi-natoral habitais If fitness is
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enhanced, populations may increaze; if fitness is reduced, outhreeding depression may
Do,

The potential for chanpes in fikness may he estimated throsh:

O Observabions from regions prowing the GM plant;

0 Manipulative field experiments [Crawley et al 1993, 2001);

O Gresnhouse, microrpsm ar growth chamber experiments with additional field data
and for mpdels to zid interpretation; or through

O Knowledse of the ecaloyy of feral crops and wild relatives and the phenotypic
conzequences of the presence of the GM traik. Fiiness will vary depending upon the
enviroomental context [including anthropopenic influrmees ke mowing],
partimlarly upon the presence of imter and intra-specific competitars, the presence
of herbivores and pathopens, and the ahiatic conditiona. The variation in fitnesa
arcanding o biotic and abintic coniditions = often referred tn 2= a2 genotype-tny-
enviromment interaction. It is therefore important that an apprapriate range af

Detziled kmowledge af the ecology of feral craps and wild relatives and the phenntypic
consequences of carrying the GM trait may lead tn the canchesion that the GM trait ia
exiremely unlikely to confer a biness advantaee in spmi-natural hahitatz This may be
supporied by mformation from pther events of the same GM irait For example, it is
unlikely that herbicide tolerant penes will infhsence fitness except in the presence of the
berhicide. There is norw a bady of evidence to support this concluzion [Crawley et al.
1993, Crawley et al, 2001, Warwick et al, 2005}

However, in some cases, the existing evidence may be insufficdent ta draw firm
concheions, and hurther experimentis may be required. The most diredt way to measore
relative fiiness is via manmipulative field trials in 2 range of suitable habitats and aver a

minimum of twa years. In desipming such experiments, field siteg shauld he represeniztive
of the receiving environments. The timeszale should be sufficient to ensure that 2 ranpe af

abintic comditions are experienced by the experimental plants.

"I"lll.n T rrwy o n'rmmn u-'l-m-'l.-l nllﬂll ln.-. l'.llnm.r-l-l-‘l-n. Fr L by ] ek o e of b= YL T
e P o RY Ept A et i

ensure that a range aof hiatic
[pathopen and herbivore pressure for example) are experienced, althooph this may alsa
in which perennial vepetation is remaved before experimental seed is zown, as many
rops are nat sbrong competitors with species in zemi-natural habitats, but may be able to
explait distwrbed areas im the manner of muderal species. Other treatments shauld he
puided by the GM trait being considered For example, enhancing the densities of
berhivares within limits not infrequently experienced in the field could simulate years af
high herbivare. This would allow the hypothesis in be tested that insect resistant GM
rops may have enhanced Ginmess under theze comdditionz. The experimental desipn ghould
allow the treasiment-by-disturbance interaction to be tested Filness advaniapges in
respunae tn certain zelection pressures may anly be manifested under disturhed ar
undizturbed conditions. Plot size should he sufficdent to allow the suhsequent peneration
i be manitored, lollowing seed dispersal, survival amd fecundity af adult plants, io allow
the lifetime fineas tn be estimated.
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Gresnhouse, miororosm ar growth chamber experiments can be nzed tn manipulate the
relevant ecolopical factnrs to determine the potential impart on the finess of feral plants
or wild relatives [ep. Vacher et al, 2004). However the detection of filness differences
from omtrulled greenhoise experiments requires forther information for accorate
interpreiatym. Far example, the requency and intensity of herhivare and pathnpen attack
lmdarﬁddmndlhnmmuldhnmdadmmetﬂmmqmnfﬂmpmnf

8- ___ ___a1 __ ___ ____- 1 E vl __________a-s-__ -—_ L-L_1._a_
INETHIIVOLT mpmmm iraii= m I-I::l.ﬂ:.l.l.l-l'l.l.l.'l-l].:l'mllm I:I]II.IFIJI-I.IJ.IIHI.LII:I]F [L=]

mpdulate the rate at which individual planis recover from herbivore [Weis et al. 20{d} ar
pathogen atiack, and o possession of resistanve genes may be mare valoable when
competition = hish. Population models, parameterized by preenbouse and for field data
can be used to explare the cenditions umder which GM plants may invade and establish
[e-g Dampaard and Ejaer, 2009}, This allows warse-case scenarios to be explored and the
consequences of any uncertaintyin parameter estimates to he explicitly defimed.

A orm of outhreeding depression may occur if:

1) There are high rates of hybridizdiom with a wild relative, and if;
2] The GM trait decreases hybrid fitness.

The methods oublined Zhove, spediiclly manipulative field experimenis and/far
parameterized population mpdels, could be sed to estimate the conditions under which
this i likely to accar.

Far some GM traits, lor example same of the sireas tolerance genes (Damude and Kinney,
2008 b Bewsll-Mre Clmsahlin 200 Doelafe =t ol 2008 11 and Calili, 2008 Woaoroesel ot
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al, 20047}, it is pozaible that the GM plant, or any intropreassd campatible relative wouald
be able in arow beyond the peopraphical ranpe of the conventional orop. The methards
putlined ahove, particulary manipulative field experiments, knowledse of the ecolopy aof
the [eral plant and iz compatible relabives, microcosm experiments and madelling
approaches, are tnols that ran address this issue.

Far thase crops for which np significant changes in fitness can be detected, or are thoupht
likely, for sither GM planiz or their caompatible relatives, then expasure charaderization
should stop at Stage 3. However, if filness differenves are detected, then further
asseszment is required to imterpret the potential consequences [Stage 4]

31.1.25. Sloge 4 information reyprremenixc

Siape 4 mibrmation is be required when the presence of the GM trait in either feral cuop

Plant= ar a compatible relative cames an alteration in fitness, or increazes the range of
hahitais in which the plant may survine anid repraduce.

Enhanced fGineas may or may not result in population increase of the transgenic plant
compared to iz apprapriate comparatar, depending wpon the fadors limiting ar
repulating the population. A combinatum of field sxperiments, prowth chamber data,

population madels and knowledpe of the ecalogy of the potential recipients af the GM trait
would then be required to imterpret the potential consequences of enhaneed Giness.

Detziled kowrwiedpe of the ecolopy of feral cops and compatible relatives induding
knowledpe of the habitats in which these relatives have estzhlished populations, and the
factors that limit and repuolate populations will Balitate an interpretation of the lilehy
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impart of 2 GM plant. For example, if specific herbivores are known to have an impact an
the fequmdity of a particular plant species, and these herbivores are aceptible to insect
Tesistant GM traits, then intopgression of those imzect resistant GM traits could lead to
ecolopical releaze — nnt anly when thoze plant populations are zeed limited.

H:ﬂp:lﬂﬁitﬁ:ﬂﬂpﬂimmhm:yberaqlﬁrﬂdmdmmmfzphntapmnhmﬂdur

mmmmrmmﬁnmmmmﬁm:mmmﬂa
supplement to undishurbed habiiats, followed by monitoring of subhsequent peperations
[and approgriate contrals) an determine the depree to which 2 species may be zeed
limited, and may be carried put with conventional connterpartz. A reazoned arpument
may then be presented to aszess whether the GM plant wanuld be expecied to hehave in a
similar mamner, and whether enhaneed feomdity would alter dynamics. Somilar

experiments may he used ta deduce pther limiting or repulating fartors.

Population models (=g stochastic modelz]), parameterised with field data, may be
mqmr:dhnﬂupmtﬂmlung—tmmmpa:hnfﬁﬁh:ﬂprmmmﬁelﬂpnpu]ﬂhmFur
exampe, it iz likely that mare than ane biotic pr abipbic factor is imfhsential in determining
population levels of a plant spedes aver 2 number of seazons. Parameterised madels may
allaw the impact of the presence of a GM trait to be modelled aver zeveral spxons, in
which puiatively impartant hiatic factors [msch a3 herhivares and pathapens] Qurbaate in
abundance. The range of conditions under which populatim increase may occur could
then be estimated, in arder to determine the accorrence and extent of environmental
damape.

Finally, the consequences of an increase in abunidanee or imcreazed ranpe of the
tranzsenic species pr of outhreeding depression could be the decline ar even extinction of
desirable species, ar another form of habitat ateration that is undesirable.

3.13. Step 3: Expoxare characteriation

An expasure characterisation should be conducted for any hazarils identified in the ten
questions and four stapes of Figure 4. The requency and extent of intended amd
unintended releases of GM planix mio different receiving envimmmoents ahauld be
aaseszed, in arder to estimate the ponorrence of GM plant poprilations and whether the
GM plant population will egtablizh ar persist.

3.1.4. Step 4: Bish characierialion

Tho =mouwmrs i thn rossl s el e Thames A ]n-u] i Han rdearasdoriaatbinm mf weaceibla
L T TR,
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risks — that of an adverse effect in apricultural areas, in which the GM trait casses the
plant and far itz wild relatives tp become 2 mare persistent weed in nuh=zsquent rotations;
and that in the wider environment, where the presence of the GM trait affecis plant
populations and pther species, leadinp to changes i hiodiversity in certain receiving
enviromments. Applicantz should characterize these risks ep. by determination of whether
any expected chanpge Blls within ar culzide the range defined as being acrepiahle durings
prublem formulation.

31.1.5. Step 5: Application of rixk momapesent stratepies
if the ERA Mlentifies risks related to persistence and invasiveneas, strategies to manage
the=e rizla ghall be required and should he defined by applicants. These strategies mipht
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fomus on reduring transpene movement, ar be directed at controlling the progeny of GM
Planiz resulling from intraductons and disper=al Applicants should evaluate the efficacy
and reliahility of any risk mitipation measures and condwide on the final level of rizsk
measures should he considered when formulating environmental monitoring plans.
3.1.6. Comdosions

The risk aszessment shwnild conclude on impacts and onsequences pf the unintentional
release of the GM plant These indude:

1] The impart of the GM plant and/or hybridising relatives in agricultberal systems,
particularly through increased weeidineza anid more imterae weed control:

2] The impact of the GM plant am for hybridising relatives in semi-nateral and
natural habitats, throaugh chanmes in persistence and invasivenesa or throupgh

3] The reazons why any anticipated impad=s and consequences are considersd
harmful and unacreptable; and

4] Deacripbian of the risk manaperment measres required to mitipate any harm.

1.2, Flapt tov smicro-orpaniens barizneial pess transier

Recombinant DNA from the viable GM materials present in the imported GM products
may be releazed inin the environment, e, into apil, or mside the put of animals feeding an
GM plant material Therefore it is neresary tn oomaider the likelibood of pene tramsfer
inlp micrp-ormnsms and ix stabilisalion eg by intepraiion into their penpmes
Horizontal pene transfer [HGT) is defined a3 any process in which an arpganism
incorporates penetic material from another arpamism withwnt being the affspring of that
prganizm. The evaluation of the impart of this HGT indudes analysis of the bransfer af
recomhinant plant DNA to imitially receiving mioro-organisms and potential transfer to
pther organisms [mioroorzanisms, planiz] and the potential consequences of such a pene
trap=fer for mnan aril amimal healtth and the envimmment Althooph the extent of
environmental exposore is likely to differ hetoreen applications for import anl processing
and lar culiivation, the issues to be considered in the ERA are expected to be similar.

3.2.1. St=p 1: Prublemn formanlation

between each other and even across speces boundaries using differsnt mechanisms ie.
conjupation, transduction or transformation. HGT can be mitiated by uptale of cell free
DNA from the environment, which may alsp indude DNA derived from GM plantxz The
ourrent state of knowledse [(EFSA, 2009 indictes that the HGT rom &M plants tn mricra-
orgamszms with subsequent expression af the transpene am imtepgration of genes fram
Plant= inin bacteria in the absence of DNA sequence identity, are regarded as rare events
under natwral condlitions.

Integratim of DHA frapmenis in mhicro-organisms occurs mainly by hamalogms
recomhination. For this reasan, the presence in the plant KA of sequences with hiph
similarity ta miorobial DNA would increase the prubahility of transfer. Mabile senetic
eElementz present in the vicinity of the inzertion =zite could alza enhance the potential for

29



pene transfer. In addition selection pressure wanild enhanece the likelihood for the
dizzemimation andl maintenance af horizontally transferred genes.

Far instance, the contribution of antihiatic resistance marker genes to the development
and dissemination of antibiotic resistance in pathopenic micro-prganisms of dinicl
relevance should be evaluated [EFSA, 200%=).

After imitial HGT from plant tn micro-prganism, the borenntally transferred penes may he
further spread to ather mioro-orpganisms. Althvogh HGT from plant to micro-orpanismes is
Tegarded 2= 3 rare event, there may be conzequences for bhmman andl amimal bealth and
the environment and therefore they should be considered in the ERA. This ERA will
depend on the polentially acquired characder and the prevalence of similar traits in
micrabial commmmities (EFSA, 20809g]. The prublem fornmlation alzn needs to consider
the routez of exposurs in the receiving enviromment{z] == well as the asseosment
endppiniz being representative of the aspects fparts of the environment{s) that need to he
prutecied from adverse efferd=

Therefore the prublem formulatian should focus on:

O Determining the presence of ranssgenic IHNA in a form that oould be horizontally
transfermed. Produrcts that have been exposed to high temperatures during
processing may have only denatured DNA that is not capable of promoting penes.

O Detailed malecular characterization of the DHA sequences inserted in the plant
inchsling information on the potential of the prombter elements that could drive
EXpreasion in mioroarpanisms;

O Presenre of antibiotic resistance marker penes;

O Presence of mserted plant DNA zequences shaowing similarities with DNA aequences
from relevant miicrabial recipieniz enhancing the probability of recombination amd

O Prezenwre of recipient micro-urpanisms for transpenic DHA in the receiving
enviranment{s);

O Selective conditions [imcliding co=selection] enhancing the probahbility aof
dizsemination and maintenance of the penetic material from GM plants in natural
microhial communities [ea& the presence of antibipbes in the receiving
enviranment{s]:

O Persistence of GM plant material after harvesting, ontil deprartation of the material
has accurred;

O Potential for lonpg-term establishment of the penstic material from GM plants in
natural microhial communities [Chapter 3.2.4);

if 2 hazard kas been identified in Step 1 of the ERA [Chapter 3.2.1). the hazard should he
further characterimed [egs the polential spread of antibiotic resistance penes and
poltentially redured effidency of anbibiotic treatment). Hazard chararterization should
consiler information on the pevalence amd distribution of penes [(similar ta the
tranzsene({a] in natural environment{s)} and try o establish potential consequences (4.
fur a pene pr trait that is already widespread in the emvironment).
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3.2.3. Siep 3: Exposare characteriaition

Expasure charartrrizatiom should consider the sub-celluolar location and capy oumber af
the recombinant DNA, the envimmmental routes of exposure of the GM plant and the
recombinant DNA, and the stability of the DNA in the relevant environment{s). After GM
plant degradation, cell free DNA may persist in the enviranment for up i weeks or even
year influenced by 2 mumber af hiatic and abintic factnrs [Nielzen et al, 2067, Pontiroli et
al, 2007}

it is recapnised that the experimental anisition of data an DMA expasure levels in
complex micrubial communities is agverely limited by methndolopical constraints under
natural condibions. in most czses, the requency of HGT will be below the detection
threshold of particular experimentz. Other limitations are related to zampling, detection,
challenzes in extimating exposure levels aml the inability to az=zipn transferable penes to a
defined zource (EFSA, 2009}

In light of msch technical limitations, hawever, applicaniz are requested to characteriae
the routes of the harards characterised under Step 2 conzidering the various routes af
Expoaure in the receiving envinmment{ s}

O DMA from feral ar inbroduced GM plants mipht he released into the envirmooment as a
result of depradation of plant material and mipht persist in the field and move 1o
) uatic environment{=]};

0 GM plants intended for food and feed use is pften subject to a variety of processing
and sinrape regimes which will expose them to harteria;

0 DMA of GM planty consumed 2= fmod and feed mipht be in contact with moicra-
Drganizms, mainly barteria present in the pastrointestinal tract, and suhsequent
routes pof envinmmental exposure. These exposure scenarios should indode both
plants and plant ingredients abpowe or below pround. [Gay and Gillespie, 2005, Keese,
200E].

324 Srp 4: Rixk charudersalion

it is impartant to focus the risk chararierization on patential impacis an mdipenm
miicrabial commumities that pecur in the various receiving environment{s)] [az publined
abave in Step 3).

Environmenta] micrabial commmnities may inchsde certain human ar animal pathopers
[ep Peeudomonos oeruginosn, spme Enterohacieriaceae), or pon-pathopenic bacteria,
which could serve as first recipients of penes derived from GM planis [e.p. ARMGs] and the
transsenes could be then tramsferred to other micro-orpanisms indwling pathnpens
[EFSA, 2009g). Any risk identified should bhe characterized by estimating the probahility of
magnibxde of the consequences of the adverse effect{x).
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3.2.5. Step 5: Application of rixk momapewment stratepies

Evahﬂtetnrgatﬁllmkm:gamﬂntmm Pntan'h:l:h:teglumayheml:mdtnthn

A canchesion iz required af the owverall risk i.e. a clear rationale on the patential for plant ta
mhicrarpanism pene transfer and itz conzequences, taking into accoumt any risk
manapement sbratepies The potential impact and conzequences of swch an event and the
lonpg-term persisience of the senetic material from GM planis in naboral micrabial
communities should be axapased

3. Interactionx of the CM plant with aon-larpel orpanismx

if the risk assxessment of invaxion, establishment and inbopression conducied 25 in
Chapter 3.1 indicates that sipnificant populations of GM plants mipht establish and far

intropress genes into native or crop plant speces, then mmpacts an other biota need o be
consilersd

Guidance ia piven here for the risk aszescment of impacts on NTOa. i applicants require
alditional puidance they may alza refer to the published soentific ppnian of the EFSA
GMO Panel on the aszessment of potential impacts of GM planty on non-tarpet arpamisms
[EFSA, 2014e)} which pravides mare detziled poidanee on asseszing the environmentzal
effertz of GM plants an KOs, topether with rationales for data requirements im order ta
complete 2 mare comprehensive ERA for NTOa.

3.3.1. Step 1: Froblemn Iormmlation

3.3.1.1. Envirmnmental conoerns and karard ddentihication

An important environmental concemn is that GM planis may have adverse effects an
bipdiversity and it= functioning at several levels, throuph interactions with populations of
pther species aasnciated with or sympatric with the GM plants, which are referred to as
oin-target organizsms [NTOs). In this chapter bindiversity i interpreted broadly and
covers hoth species richneas and apro-eco fundions providing ecasystem services. Sinee
ﬂmenmmmnnt[mdndmghndmmﬁtﬂhmhﬂprutﬂdzdﬁnmhamanmrdmgmthn
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and ecplogical imctions shauld be cansidered in the ERA
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the azaeasment, others will need to be pradically evaluated far their potential to caose
harm.

In addition, in natural aml semi-naberal situations where exposure levels mipht he
bipta. Speces potentially at risk through direct or indiret expasure (e [ood chains)
should he identified za that aszessments can be made af their sensitivity, the vulnerability
of their populations, effects an ecosystem services and food chaims.

Detzilz of the prablem formulation and testing af NTO=s can be found in Appendix 5.

3.3.2. Step 2: Harard dharactrrisation

Once specific measurement emddpoints are chosen, appropriate methads and criteria af
measurement ahauld he selected and described. This indudes information an stdies to
be conducted, the appropriate tier for analysis, the design of experimental praincals with
the definition of the appropriate statistical power (Marvier, 2002, Lovei aod Arpaia, 2005,
Perry et al, 20049} [Chapter 233}

3.3.2.1. Laboratory studies

Twa kinds of methodologies are relevant for lahoratary shsdies. First, existing
conventional ecotoxicology methodalomies (ep. OECD, IS0, EFPO, I0BC standarndized
methardks] can be used and adapted in anler to assess the aensitivity of the KTO 1o
different levels of exposure to the GM plant-produced protsins. The methodolopies nmest
be adapted tn fulfil the measurement endpaint requirements. Secondly, an e plonin
experimental pratocal is required in which the GM plant-NTQ imteractions are evaluated
at expamure levels likely tn accur in the field For in plonie studies, the testing scheme
should ensure that the fopd nsed s ecalopiclly relevant for the chosen NTO Life stape to
be tested [e.p mimicking the traphic mterartions existing in nature), amd that specimens
are expasei to the expecied concentration throophout the study duration.

In adilition to the above exmmples, several first tier studies that have been puhblizhed in

Thﬂrahuna]eﬁlrﬂm:alm:hnnufﬂmspenmmdnndpnmtmgwm

Variahility is sufficiently law far preciee sffect level estimation;

Optimization of other conditions for survival must be pravided by the test

substrate and food supply [azs demonobrated by low mortality of the

0 Expasure to known gquantities of testing material = maintained thomeghout the
shuly:

0 The experiment in conducted for a time span adequate to reliably estimate

When reprodurciion is an endpaint, the folkrwing requirements shall alzo be folGlled:

|
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O The processes of the reproductive bialopy must be included in the testing
phaszs;

0 The lifehistory must be known: ape at maturabion, duration of epp
development, and imstars subjected to expasure;

0 Optimiration of conditons for prowth amd reproduction must be provided by
the test substrate and food sopply.

Applicaniz can develap their own praineals for partiqular NTO species that are considered
in th=ERA

In this case, it is requestied that among others, the follawing aspects of the experimental
pruinculz are correciy addreszed:

0 Orm=misms nged during tests ghall be healthy and of similar age:

O The benlogical performance of orpanizms wsed as contruls shall be within
arcepitable limitz [contral mortality less than ea 209 depending on the testing
syztemn and orpanism};

0 Environmental conditions in prowth chambers, mesocoams and areenhineses
shall be described explicitly and justified;

0 Plant material shall be chedked for transsenes expression;

a Dr:nt:ndmdlr:nte:pmr:p:ﬂlmsh:]lb::ln:ﬂyﬂmhﬁ:dmthn

experimental aebrp.

shall be considered:

0 The maitability af artificial diet or rmopate host/prey species va. natoral food
[e.g some speciex da not prow well or do oot repraduce when reared an

artificial diet):
a Hnstfprqh:rbnm'ﬂhmtnh:prnpuiyﬂpmad[pnmﬂrﬁ'mtnhﬂng]tu
the right treatments;
0 A unifarm supply of prey/host quality. ape, et
0 The availahility of additional food sources for spedes with mixed feeding habits
[e.g availability of pollen, hiney or sugar salotion, pesxibility for sucking fram
plant=, etr.);
0 The availahility of an apprupriate avipogition surface for predatars;
0 The provision of particular miorohabitats [es providing additional sources of
water-=xhsrated surfares],
Far tier 1a, it is aasumed that the test substanee can be dosed snd conventional testing
approaches of chemicals can be lallawed The sensitivity of the endpoint omst he
presented as EC1D0 and ECS0 with confidence intervaly. Labaraiory practices [eg
envirommental conditions, specimen handling] should be according o standandised and
published testing procedurex. Limitations of apme laborainry praiocalz should be
consilered [Lovei and Arpaia, 2005) when designing tests and concluding test resuliz
When nowvel or non-standaniised testing procedures are nsed, it ghall be demonstrated
that the methnd is appropriate, reproducible, reliable and of morrect zensitivity.

L B D
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The in plenier testing required for tier 1h needs particolar canszideration aa NTOs could be
exposed to plant maierial throegh whele planis, plant paris (ep. leaves, pallens) aor
pround plant material in diets or gail.

Far in plonte tesis where feeding is an important raute of exposure, it will not normally he
poassible to pruduce dases of the GM prodsct that exceed the concentrabions im plant
tissuez. Thus the normal level will act 2= the maximal exposure concentration in a test
Dozes lrwer than the maximal dose =m be made by dilution with a near-izosenic non-GM
variety anil ECLIF and ECS50 effect levels may be ohtained Different levels of exposure can
also be achieved by mixing levels of GM plant material into the test suhstraies, e.p. zail,
and a trur dose- response relationship can he established delivering EC148 and ECS) effect
levelz Apprapriate controls for the effeis of theze diet regimes can be made by making

In onder in provide an aptimal putrition in s0il ecoloxsonlogical tesi=, a food source may
be added. The ammmt of additional food source may need to be adjusted in order to
ERSUre worst-rase exposure.

When the aim & tn demanstrate equivalence of the GM plant to the appropriate
comparator, the standard tests cshould indude the approgriate comparator 23 2 negative
contral at an exposure level identical to the GM plant, as well as a positive chemical
coniral to prove the hnctionality of the experimental setup, as alvised in the relevant
pesticide test puideline.

3.3.2.2 Feld trials

Experimental complexity and variability increazes from tier 1 (e toxicnlogmical shudies],
to bi- and tritrophic shsdies with plant parts, bi-and tritrophic shsdies with whale plants,
to field assemblape siuidies. Laboratory testing provides the best way to contral and
manipulate experimental conditions [eovironmental fochors, set-up) and to limit
complexity and variability. In conirast, feld tesiz allow the evaluation of trait and
pruvide the hrwest ahbility tn contral experimental conditions due to larse nabural
variability.

The ohjectives of Geld trials are-

Tnldentd}andsmdynpumnermm[m:hﬂmghnphmrehhm:tup}md
confirm phserved effeciz im lower tier

To discaver potential unintended efects not anticipated im lower tier tests;

To provide feedback for forther testing hypotheses:

To study food chain and imdirect effects;

To determine effectz of scale oo NTO populations, inchiding effects on penerations
and ather spatia ftermporal interactions:

To shuly effeds of mieractions betwesn zeveral KTOa species im nabural
envirooment{xz).

oooo o

]

Field testing for NTOs is of special imparianee for certain speces that cnnot be tested in
a very broad ranpe of arthropods in terms of speces mimber, life stapes, exponre ta
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abiatic and hiotic stresz, complexity of truphic interactions, ete that cannat be reproduoced
in the labaraiory. Hence, attention should be pasd to the trade-off between standardized
laboratory tests in lower tiers aml the testing of NTO species in field experiment=
Maorecver, field shadies affer the aopportunity to estimaie the fundiming of whale
ecolopical imetions in natural conditions (&g, Naranja, 2005b, a).

Desipn anil amalys=is aof Geld trials for NTOs shoull be performed acconding to the criteria
explained in Appenidix 5.
3.33. Step 3: Exposare charactersation

A majar fartar in evaluating the likelihond ar probahility of adverse effects pooarring ta
the NTO is the characteristics of the envirnoment intn which the GM plant = mtended ta
be released, and the manmner of releaze. Several ecolopical characteristics specific tn the
orop-irait-receiving environment mteradions need to be t@ken inln account to
characterise NTO exposure

The introduction of a GM plant inta a pruduction system will indeed inbroduce twan Dew
sireszors, the transpene and its products anil the GM plant i=elf. If hazards are identified
[Step 1) and hxzari characterisation pives sufficent evidence for potential environmental
tamape [Step 2] an expasure chararterization is conducted [Sep 3] to determoine
whether and to what depres the NTO species comes intn cantact with the GM plant and
the tranapene product This assessment requires information an the phenatypic pattern of
transgene expresxzion in the varios parts of the plant over the prowing season. This
exposure can be bitrophic wia exposure to the GM plant [ar plant parix, ep. pallen} aor can
pocur m hisher trophic level arganisms exposzed tao prey ar host feeding on the GM plant
[Andaw et al. 2006).

Org=misma at hipher trophic levels cn be expased im different ways ta the plant and for its
pruthicts, therefore direct, indirect or mized exposure models needs i be evaluated
arcarding to the NTO and the GM plant chararteristirs. For example, a carnivore in an apra
ecosystem induding GM plants will be faced with the presence in its diet of the transgene
pruthuct andfor i3 metabalites. combined with the consbiutive compoumds of the
prey/host species and the combination of both might imterfers with the normal
development of the natural ensny.

Based on the specfic hinlopical characteristics, the likelihood of exposre needs to be
estimated. For this purpase, the hiphest mean protein expression level in any plant tissoe
iz aften takem a3 the wurdcxe environmenial sxposure concentration [EEC) in

resulatory risk assesaments (=g Raybauld, 2007}
3.3 4. Step 4: Rizk charartrrisation

Bazed an the condusiors reached in Steps 3.3.2 and 3.3 3, applicants shamild estimate each
identified riak that a GM plant will caose 0 NTOs considering the masnitinde of the effects
detected and the likelihood of their ocorrence. Applicants should summarise the
pulcomes of the ERA considering imtended and umintended sffectz az gutlined in Step
33.1. Henee, applicnis should condude on risk for inkended and umintended effects an
NTOz taking intn account focl species as well as the overall mctipnality of the agro-
ecosystem. Applicants shauld provide an azseasment of the range of effects likely to ormar



in different receiving environments based on the caollected datza and other relevant
information [Chapter 23.2].

Considering receiving environment-plant-trait comhimations, applicants are alza requoired
o characterize the risk:
i) ioagricultural and manaped ecasysiems:; and

Z] In patural fzemi-natural habiiats where relevant exposure of saensitive NTO
INIY DU,

Quantifieation of risks and its relative uncestaimties shall be provided in relation to each
selected assessment endpoint and wpscling of datz fram lab, zemi-field and Held trials tao
lanizrapes coansidering the expected adoption rate of GM plants. The condusions of risk
characterisation szhould a=seas the consequences of each identified rizk tn NTO

populations and the erplopical simnificance of these effeciz
3.3.5. Sizp 5: Rizsh manaprment shatrmies

In situations where rigk tn NTO and related ecosysiem aervices has been identified and
characterised due ta the introduction of viable GM materials throwsh GM producs,
applicants ahoull pruvide appopriate risk manapement stratepies to enyure that
exposure af vidhle GM material to the NTOs is adequately reduced to an acceptahle level
of rizsk Thes stratepies should be desismed, under aasmmpbions of hipgh exposure
scenarios, to redure the risk tn a level considered acceptable [criteria defining this
with manapement practices of the receiving environments concerned.

mmmmmwﬂ]mdmhhmtufﬁﬂphntm:ndhy
remarving feral plants. Alza, the extahlishment and maintrnance of buffer or quarantine
zanes which protect hahitaiz from the spread of GM planis can be establixhed. These
mitization meanmes and sbrategies should bhe devised m the lipht of loog-term
management and maintenanre of NTOs and ecosystem services and himctions im rural
lanizrapez.

3.3.48. Condosinns

Applicnts shpuld conclude an the risk of intended and unintended effects on NTOa taking
inmtp account the aensitivity of focal apecies and considering all relevant ecosystem
servicesfhmctionz. Applicantz shwmld pravide an aasessment of the range of effects likely
o occur in relevant receiving enviranmeniz based on the collected data and other
relevant information. Applicants are alsn required to chararterise the risks hoth in and
putside mamaped landscapes im different repions considering relevant expozore routes
Quantificotion of ricks and itz relative uncertainties ghall be provided in relation to each
selected assesoment endpaint in comparison o relevant bazelines. The consequences af
theze risky for all relevant protection paals, induding the overall fundumality of the
ecosystems, shauld be comsidered.

The condusians af risk characterisation should axsess the conzequences of each identified

risk ta KTD populations aril their survival and applicants should propose apprapriate risk
manarement measures where levels of risk exceed accepizable threshold levels
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3.4. Hiecls on bomam aml awimnal health

An xspasment s required of whether the GM plant products present new harards for
buman amil animal health, In particular, if 2 patential hazard has heen identified, the rizk
o perzans working with the GM plant product, coming intn contarct with it or exposed to
prndu:‘hnnhaspnﬂennrdmtﬁnmpmt:nedphnh:huulﬂbe:umﬂ.ﬁn
aazesament iz meani for GM plant producis imparied for processing purposes [for non-
fond and non-feed wses], such as for the production of industrial or medicinal fonzmetic
pruducts, biafuel, etc

Far GM plant produst applications for food and feed purposes, the applicant is requested
o refer in the requirements detailed in the "Guideline for risk assessment of food and feed
pruducty derived from GM plant produociz ® amd where relevant, the EFSA opinim an
“asze=aing the allespenicity of GM plants and microorganisms and derived food and feed”
[EF5A, 2010d]).

3.4.1. 5ep 1. Froblem Formmulation and Barard 1dentification
The stratepy Iar lniman and animal zafety foqses on:

[} The chararteriztics of the newly expressed protein{s):

[i] The characteristics of new conatituent{z) pther than pratein(z) and for pozaible
chanpges in the level of constitnenty ocowrring nahorally in the respective
unmodlified plant spedes;

Fial The chararteristire nf the whales 'rll

[ a2 —r— N A R

The availability of appropriate non-GM plant comparators is inporiant when performing
comparsans af newly expreszed produris and phenatype.

3.4.2 Step 2: Harard CTharacterisation.
Compasitional analyses have to he carried out to determine the expreszion level at:

[} The newly expreszed protein(g):

[ii] The new constituent{s] other than protein(z] apd for possihle chanmes in the level
of constitusnty accurring naturally in the respective unmndified plant species; as
well as

[iii]] To identify and quantify poasible unintended chanpges in the compositian of the
whole GM plant This type of information is necessary in onder to evaluate
potential risks of exposure of Inmamzs, animals ail prganizms in the biotic
enviromment to the GM plant ar plant part=.

Far ilentification of imtended and unintendled alterations in the GM plant product, the

iex zhould he folowed as reconmmended in the Guideline for Risk Azseasment af
Food anil Feed Praducts derived fram GM plant prodhucts. Analyzes shoukll be carried out
wxing pstablished and valdlated analytical methods acconding ton appropriate guality
standards.

The extent of the compositional and agmonomic sanalyzes for GM plant products used for

pian-fond ar nan-feed purposes [Le the types and number of components and agmnomic
and phenotypic parameters tn be compared] may vary. taking the nature of the plant, the
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passible nan-food ar non-feed nse and the matore of the penetic modification of the plant
inmtp aceenmt. The zelection of compourids must follow an interdisciplinary approach and

shauld be hased on expert knowledpe.

Taxioofogy

The requiremeniz af taxicalogical testing of GM plants wsed lor non-foad or non-feed
purppzes are in be considered on a case-by-ase basis and will be determined by the
puicome of the aszessment of the diferences identified between the GM plant and derived
fond ffeed produrts and their conventional counterpariz in the comparative analysis of

The rizk axressment must consider the presence of new proteins expreased as a resuolt of
the menetic mndification, the prezence of ather new constitnent=s and for passhle changes
in the level of constituents ormarring naturally in the respective unmaidified plant species
[acrording to the Guideline for Rigk Azsessment of Fapd and Feed Products derived fram
GM plant products}. For exzample, in the case af GM plants containing a suhstance{z] with
prmmmced hiclogical adivity, the risk assessment should be tailored accordimply.
Maorepver data pn poleniial pencloxicity, metahplism and toxico kinetics should be

penerated when required pn a caze-bry-case basis.

To egtablizh the safety of new constibeeniz having na history of safe oxe, information
analoppus in that described in the "Guidance on submissions for food additive evaluations

by the Sopentific Commiiter on Foods™ [(SC 2001). This implhes the submmission of
informatinn on a3 mre zat of shuliee and the ropsid eeation of whether or ot anwr pther

typeufxtndymghtahnbeﬂpprnprﬂte.ThHmre::tmﬂmnmtnfﬂmmulhﬁum
molecular dharacterization, compositional aod apronomical amalyszis, topether with
information an the inxcolagical prafile aml allerpenic potential of newly expressed
pruteins and ather plant canstituentz, and information an potential expansre routes and
patterns, should be evaluated.

Normally, the core set includes information pn metabolism ftaxicokinetics, sub-chronic
inmicity, memobnxicity, chronic toxidty, caominogenicity amd reproduction  and
developmental toxicity. Genoloxicity has ton be considered an a case-by-cx=e baxis and
justification for carying out peoatnxicity testing would be necessary. Az an emmple, the
expreszion af particular antipens in plants could requine penobxicity testing, Genotaxicity
would be tested with plant extract

5 _

it & conzidersd that the case by cx=e risk sssessment for allerpenicity of GM plants for
oin-food or um-fesd purposes should caver at least one af the two posxible hypotheses,
namely:

1. That the plant andfor one of iis products is already known az allerpemic; ar
alternatively
2 Thatthe plant and for ane of itz products is nat known o he allergenic.
In the first case, when the GM plant produst is used for nonfood or noo-feed purposes,

and one of the prodiscts is known to be allergenic, the risk of an allergic reaction shauld he
manaped by reducing exposure of himans and animals.

39



In the secand case the Guideline for Risk Assessment of Fond and Feed derived from GM
Plant iz applicable and in be followed. Respiratory expasure [ea via dust pr pallen} may
need particular attention Reparding the assessment of allerpenicity of the newly
expressed pruleins, 2 stratepy is applied which is In acvordanee with the
recommeniiations of the Cadex ad hoc Intermovernmental Task Farve pn Fapds Derived
from Biotechnolopy [Codex Alimentarius, 2K13).

A comprehensive zet af in vitra and in vivo testy s available to shudy potential toxicity
resulting from skin, sye amd inhalatory exposure. The sindiez required should he
determined an a3 caze-hy-caze bazis depending on the expected route of exposure, the
:hmttnriﬁuufﬂle;ﬂant:ndﬂm:hﬂnmmulﬁngﬁnmﬂmgenzﬁ:mndiﬁmﬁmFm
example, the Local Lymph Node Aszay [LLNA} uging mice or the Guinea Pip Mazimization
Test [OECD Guideline 429 [OFCD, 2002) and 0ECD Guideline 406 [OECD, 1992]) may he
required o test extrads from GM plants for their potential to induce skin sensitieation.

In'lm-!rhn--ll‘lr-l-—.lll by el b et e l:ll"rn vyl e vk s ey e s ] = -
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anute aod repeated dose dermal amd inhalation tawicity are also available [OECD
Guidelines far the Testing of Chemicals).

343, Mep 3. Exposare ascexoment

The exposure assessment should consider sonrces, routes, levels, frequency and duration
of expomure in order to determine anticdpated intake and extermal exposure. B i
recommentded that the exposure assessment is carried oot in paralle] in the hazard
identification becanse the mformation an expaosure may be needed in ander to determine
the requirements of the zafety testing.

[zee below] ahauld be cansidered. Far GM plant produrd= wsed for non-food or non-fesd
puwrppses accidental intalke by bumamns, livesinck and wildlife animals, the exposure of
armers and workers handling the GM plant products should be taken into account

vl exporure and geoerol conrideratioos on the o of GM ploois

Far GM plant pruducts uzed for non-food or non-feed purpoges, theres is oot likely to he
chromic aral exposure. However, accidental intake via inadveriznt eniry of the GM plant
pruthuct inta the regular foad and feed chain (e.p. throuph admixhire] cannat be ruled out
In addition, accidenta]l mtake throuph unintentional consumption of the GM plant
pruducts by humans, livestock or wildlife animals may accor.

Applicaniz should determine the likely levels of unintended oral exposure in relation ta
the imtended uses of the GM plant products and also in relation to umintended release,
almixture ar ezcape of GM plant produds.

Dermal, ocwlor and ioholelory expasure to GM ploois

The applicant has to assess potential dermal, ooular and inhalatary exposure routes in
relation tn the imtemled uses of the GM plant productz Far mstance, in the case of GM
plant products which proxdhsce pallen or dist, an zzseasment of the inhalatnry expasure to
bzt anil, where applicable, any new canstihaenis expressed therein will be required
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Far farmers and workers handdling or working in the envinmmment of the GM plant
pruducts, the exposure assesament should take intn acrount working and handling
practices for workers wha produce ar pracess products. it is expected that the procedures
applied during the import, transport, starage and processing of GM plant products, differ
wiillely hetween different production systemz Therefore, a detailed description of the
systems applied is regmired. These descripbions should fomas an the identification af
ritical paints where dermal [skin] and eye contactk andfor inhalation of GM plant
pruthicts coull pecur as well as the level, frequency and duration of expasure at these
poiniz. The measures interiled to mininmize the exposure of farmers and workers handling
the GM plant produd=s ahould be descrihed and the experted impart of these meanures
shauld be aszeszed.

3.4.4 Strp= 4 and 5: Rizh axxrconent aud rish manapesest for knmsan and aoiseal
health

Appliconiz shall identify risks to hhmmans and, where rsks o health are indicated,
by protecting warkers individually [(e.p. with protective clothes, masks, respirators, eye
prutectors, ebc] ar by improving the working environment to redure expnsure levels (e
with extractor fans, dust zcreens, splation cabinets, air Glters, £ic).

Where GM non-food plant products are likely to enter the food chain, then measures
should be taken to prevent or minimize introductions by careful screeming and
sepresation of supply chains.

develop apprapriate sk management measres to reduce exposure. For farm animals
this penerally relates to the modifying rearing and housing conditions =0 2= to reduce
exposure. For wild animals, measures need to be taken tn reduce expomure ton GM plant
pruducts considering all routes of disperzal anid dissemination as described in Section 3.1
Where GM nan-food ffeed plant products are likely to enter the animal feed chain, then
measures should he taken in prevent and for minimise inbrodhsctions by careful screeming
and aesregation af supply chains.

3.5. Overall rish evalnation samd conclnsions

On the hasiz of the ERA performed under Chapter 3.1 to 3.4, the weisht-of-evidence and
the ondusions reached unider each chapier. the applicant iz requested tn perform an
pverall evaluation of the rigk{z] of the introduction of the GM plant product in the
TecEiving enviranment{s). The overall evaluation of the risk(s) of the GM plant product
should take into acommt the risk characierisation [Step 1 to 5kep 4] and any risk
management strategies proposed [Step 5)-

The averall rizk evahsation should be expres=ed m a form of 2 summary, i a coancise way,
of the pverall risk(x] fom the mbrodurdson and delsherate release of the GM plant
pruthicts, inchuling the overall incertainties. The quality of exigting data andl information
shauld be discuszed, an explanation on how the body of infarmation has been taken inta
arcount andl the potential uncertainties. The overall risk svaluation should result in
informed qualitative, and if possshle quantitative pudance to risk manasers. The applicant
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should explain clearly what asmmptions have besn made during the ERA, and what is the
mature and mapwmitude of uncertamties aszociated with estahlshing the (3] rish{z].

The applicant should provide a summary of the pverall risk evaluation in a way that
concheicns can be drawn wp for the environmental manapement and Monitaoring
(Chapter 4).

4 ENVIRONMENTAL MANAGEMENT AND MONITORING
4.1 Rizk Manaprmment

in Bhutan, the environmental hazards and identified risks will be associated with GM
producty. The main hxzards will he axsociated with unintended pressnce of viahle GM
plant materials as these may have the hility to prow, survive, estahlish, spread, disperse
and intropress inin established plant popilationz

Non-viahle GM plant prochscts will only have an enviroonmental impact if they are released
happen with GM plant prxhacts containing viahle GM material are released im larpe
amaunis in effluents and waste products from farms or processing plants. The results af
the risk azseasment in Seclion 3.1 will determine whether this is likely and where
envirommental harm is moat likely tn poour. Manapement measares ashould be pot in place
to reduce pr remave enviranmental exposure to the waste products.

Viahle GM Plawix

the importation of GM plant produrd=z and thiz can be prevented effectively by plant health
and quarantine repulations and requirement=s which are enforced at the barders.

o arder tn avoid environmental hazards and potential risks, 2 mumhber of different
approaches can he talen and some examples are Listed-

1. Redoong the ord: this can be achieved by restricding imparts to non-viable
material of the approved GM plant or by reducing or destroying the viahility of the
GM plmt

a Faor example: prain (=g rice) imports could be resiricted to milled prain
which does not have a viable embry;

b. i GM plant pradurt contaiming viahle GM material i imparted, it could he
taken directly to a centralized proceszing plant where it is proceased to a pon-

2 Redooog e expoxore: a primary source of unintenled releaze of 2 GM plant will
be due to handling, tramsport amd usase practicea. Spillage and dispersal of the GM
pPlant produciz containing vizhle materials during transportatiom may ooour. In such
Cases, meayures can be put in plare ta reduce transport and distribution by limiting
the mumher of el 1mers af the GM plant producky. Transporters and handling
systems can he impraoved to prevent spillage.
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3. Mowmiforing of odvenbifions prescoce of M plopds: mumiloring shoold be
conducied to discower the establishment of feral populations of GM plants [==e
below) and theze populatins should be destrayed to prevent aecondary spread ar
disperaal.

ﬂunul:r}nmmu:r:m;:lurm:muuum:uuumvuuu:uﬂ iz in

presence of zeeds of GM planis in imported nan-GM zeeds. This aeed could then be uged
on [arms and henee GM plants prow and estzhlish in fanm cops. The manasement of this
iz throogh requirements that all imported seeils are certified or that they are tested for
alventitious prezence of GML

EF-
é
E

Applicoyls shanid describe ther manogement measares vl will be pred in place o

or redirict pnidendrd eieaxe of G ploois inlo e environmeni and this
shonld be livked o the plons for mapitoring unintended releanes of G planix foor
22}
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Manitoring can be defined axz the syztematic measurement of variables and procexaes aver
time aril assumes that there are zpecific rexzoms to callect such data, for example, o
ensure that ceriain ganidards pr conditions are being met or to examine potential changes
with respect ta certain baselinex. Thuns, monitaring should be tarseted rather than
consilering every possible enviraomental azpert. Applications cancerning anly fond fles=d
or inpgredientz [ie imported but nat cultivated] will thus oot normally be required 1o
describe a detailed environmental monitoring plan if the applicant has dearly shurwn that
environmental expasure tn viable GM planis is absent and that the GM plant produrctz da
Dt present a risk to the envimmment.

The results af the environmental risk ==aeasment determine whether monitaring is
required andl ity abjectives. The envimmmental mumnitoring of the unintended presence aof
GM plant=s will kave toro ainns:

1] To study any poasible adverse effects of the GM plant producdz identified in the rizk
aasesmment; and

2] To dentify the acowrrence of adverse unfareseen effeciz of the GM plant pruduct ar
itx use which were pot anticipated in the ERA

Where there ix scientific evidence of a poieniial adverse effect linked o the genetic
modification, then case-spedfic monitoring ahould be camried out after placing on the
market, im prder to confirm the asamptions of the ERA. Comsequently, case-specific
mpmitaring is not ablipatory and is anly required to verify the risk asseasment, whereas a
peneral surveillance plan must be part of the application. Applicniz who consider there is
Da requirement for caze-specific monitoring must provide arpuments in support of this
position. These arpunents shauld relate to the 2xnnnHions applicants have made in the
ERA as well as to the lack of anmy identified adverse effects.

Theze peneral principles [or monitaring are alsp apprapriate for siadked evenix

Requirements for case-spedific monitoring should take intn acconnt the results of the ERA,
pPhx any mumitoring already proposed or established [or the single eventz previoushy
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aaseszerd Congileration ahould be piven to any additional environmental exposure ar
pther effect due to the combination of events identified in the ERA.

A peneral monitoring ar surveillance is recommended for the accurrence of adverse
unforeseen effects af the GM plant products or its use which were not anticipated in the
Eﬂ.ﬁ.andtnzllnwfnrunupm:t:d Eﬂ'ﬂd:ﬁatmaynn:uraﬂ::rlungupmudsnf
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phserve the establishment of any feral populations of GM planis za that they can b
destroyed or managed, 5o as io minimise environmental effects.

Maonitoring methods will depend an the particular GM plant produst, trait, environment
and waame combination. Therefore, it is advisable to develap an enviranmental monitoring
plan fur each GM plant produrt which deseribes in detzil the monitoring strategy,
methadalopy, analysis, reporting and review, and any [ollow up manasement measures
and their efficacy.

. Caze-zpecific GM plant producd moniloring

The main abjective of cass-spedfic monitoring is tn determine the sipmificance of any
allverse effects identified in the risk assessment [(Chapter 3). Case-specific monitoring
shauld be tarpeted at thoze envimmmental factors mast likely tn he adversely affected by
the GM plant and itz products which were identified im the ERA. The agentific approach
shauld be desipned in ander o test the apecific hypothesis of expected adverse effects
derived from the environmental rizsk aszezsment The monitaring programme desipn
shauld alza reflect levels of exposure in different peopraphical regions and other specific
site influenees. Such monitoring may be carried put at a limited mumber of sites [(1ocal
take place.

The methads selected, the doration of the monitaring, the extent or oumher of areas and
the parameters to be manitored will he determined on a ase-by-cx=e bagis. Whilst the
planning anil exenition of cxe-specific monitoring is under the applicant’s responsibility,
it may he apprapriate for the applicant to involve puhlic instihations to contribute ta the
agreed work

4.4, General sarveillanoe for umanticipated adverse effecix

The ohjective of seneral surveillanee is to dentify the occorence of unanticipated
ailverse elfeds of the GM plant prodiscts on lnoman health or the envronment that were

nat anticipated im the emvironmental rick aszessment. General surveillance applies where
na ardverse effect bas been identified in the ERA, but is always required in arder to detect
umanticipated adverse effects [EC, 2002).

An effect can be defined 23 an alteration that results in values that fall pui=ide the narmal
range, given the variation due tn the constant chanpes in the agricoltoral practices, rural
environment andl axzociated biotz in the Blnrtan.

A major challenpe af prneral murveillance iz determining whether:

O Anunuwnsal effect has heen ohzerved;
O The eflect s adverae: and
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O The adverse effect B aszacated with the GM plant product=

The use of a range of munitoring systems to supply data and the ability to compare data
from these different smuoces will belp to indicate whether an effect is wmssmal and
aflverse. The identification of an adwerse effect which iz potentially lmked to specific GM
plants wanld trigmrer the need far a specific shody to evaluate harm and determine canse.

An impartant task within general surveillance = to link monitoring to the snvironmental
prutediim poals of Ebutan. Enviroemental damase was defined as a measurahle adverse
change in a nabsral resource or measurahle impairment of 2 atoral resonrce service

Within a broader concept of environmental issses, uranticipated adverse effeciz on
buman health bave alsa to be addressed in the monitoring plan presested by the
applicant The scope af monitaring far unanticipated adverse effects an human health is
defined ax mumitoring for mnanticpated adversze effects that may resolt from handling of
the GM plant products.

it might prove very diffimilt to desipn monitoring [ncduding peneral surveillance) for
unanticipated adverse effects on human health. However, knowing that the release of GM
Plant products needs o be comsidered in context of their imteraction with pther
environmental components, manitoring for health effeds ocould be considered in
conjunciiaon with human population aoreening methods orrently wsed by public healtth
organisations [for assexzsing nsch elements as incidences af allerpic reactions) and as part
of the monitoring of GM Food aoid Fesil

In the case of non-vizhle GM material [e& derived products nat containing any Living

GMOs} the applicant does not have to pruvide any envimmmmental monitoring plan
[iduding peneral surveillance).

General surveillance plans as part of applications for impart and processng of GM plant
pruducts which contain viable materials will nesd to take account of the modified
characteristics specific ta the GM planis in question, their intended use and the receiving
environment{sz). The extent of the peneral surveillance plan will depend on the level of
environmental expaosure, the exiablishment, persistence and spread of the GM plant. The
applicant has to estzhlish monitoring which mdicates what level of environmental
EXPONITE i3 DOCITTIngE.

The esiablishment, perzistence and spread of 2 GM plant is oot neceszarily am
environmental bazarl in itself Similarly, dipersal of pollen and zeeds and pene Gow per
== are not envirnomental hazards and thus, the focns of peneral sorveillance shounld be an
recording establishment of GM planiz and any unanticipated consequences, snsch as
unforezeen increases in weelliness, mvasiveness ar chanpes im plant papulation dynanmics
or populations of biota assciated with the GM planiz [Inanticipated adverse effects are
mpst likely tp porur where the level of environmental exposure is hiphest Thus, an
evahwation of how and where the GM plant ix liksly to occur and the associated
environmental exposure ia considersd a pood siarting paint in any peneral surveillanee
plan
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i umssual effects on human heatth or the envirooment are reported, mare foomssed in-
depth shsdies should be carried out in onder io determine cuse anl relabionahip with GM
plant= Surh additional shudies would be case-specific monitoring shailies a3 they would
Tequire an sxperimental approach to oonfirm the specdific hypathesis that an abzerved

General Survsillbnee should complement available peperal environmental manitnring.
The hisher the ecolppical intepration and seale (from the individual ta a population, fram
sinple farm to regions) the more difficult it iz to distingroich potential efeds of the GM
plants from pther lactors,

Initially, meneral surveillance should focus an each event individually. Additionally, when
several GM planiz have heen commercialised, any imteractions between these GM planits
and their manaserment may need to be cansidersd whers appropriate.

4.5. Reparting the rexulis of monitocing

Fallowing the placing an the market of a GM plant product not intended for nan-foad and
pan-fesd, the applicant has a lepal chlization to ensure that monitoring and reparting are
caried put acoomiling tp the conditions specified m the consent The applicant is
respanaible for submitting the monitoring reports tn Bimtan Apriculiure and Food
Repulatinry Autharity. Applicants shauld describe the methods, frequency and timing af
reparting in their monitoring plan.

Although no timeframe for reparting is zpecified, reporis allowing for caze-specific
aulapiations, preferahly shaold be submitted:

0 Anmmally confirming that monitoriog has been carried out according to the
pgiven consent topether with a summary of major preliminary results that are
important for a shart-term feedback pn the ERA [anmeal reparix}; and

O Perindically [eg every thinl year] covering lonper periods in which

The camprebensive monitoring report shauld imclude in more detail the resulis of any
and natimal environmental surveyora In addition, the applicant should evalnate these
rmﬂl:amlm:urpm:m!fnﬂan:ly:smd:mdm in the sulmiitted monitoring report
if apprapriate, the applicant should pravide acreas to raw data far stimulating scentific
exchanpe and co-pperation.

The applicant should advise thind parties to inmediately inform them of any unoseal
porwrrence induding egtahlishment aof GM planix.

if GM planiz berome established:

O The applicant should inmedistely take the measures necessary to protect the
enviromment, and inform Blortan Apriculbsre and Foad Regulatary Authority:
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O The applicant sheuld carry put 2 preliminary examination in arder ta verify whether
a GM plant-related effect has really accurred and pruvide BAFRA with a report an
the result of itz preliminary investipations, nchyding an azsessment of potential
harm;

O N mformation becomes availahle to BAFRA which could bave consequences for the
rizska of the GM plani{s} to buman health or the environment it shounld immed iately

consiler appropriate artion to be taken in oonjunction with the applicant
4 6. Mondtoring Review amd adapiation

4. 61 Monitoring and review of copoing rexearch & development and scentific
hiteratmre

There = omsiderahle research and development work around the wordld oo the
management, cultivation and impacts of GM Plantz. These studies indde experimental
research, develapmental andl advisory studies pn orop multivation, variety registration and
varisty performance trialz. The resulits of these shuliez should be reviewed and the
implications of the results considered for the risk aszescment and risk manapement of the

GM plant productz.

plan and x=sociated methodolopy are reviewed at appropriate imtervalz and may need to
be madified and adapied depending oo the results of the mumitoring information
collegted. The manitoring plan mipght alsa be adapied based pn an assessment of the
appropriateness and cost effertiveness of the monitoring plan. Implementaiion of the
revised manitoring plan remains the responsibility of the applicont unless otherwise
determined by BAFRA.
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APPENDICES
AFPPFENDIX 1: CHOKE OF COMPARATORS

Smple events

the M plant andl the enviranment due to penetic modification aod induced changes in
management should he estimated in relation to 2 cooventiona] counterpart (also s=e
Chapter 23.9}

In the aswe of vepetatively prupamted craps, the oooventional counterpart shall, in
2009¢].

In the case of orops that reprodure zexnally, the conventional counterpart ahall have a
penetic backpround] oomparahle to the GM plant (EFSA, 2005€). Since many crops wsed to
pruduce food and feed are developed using hack-omssing, a conventional com

with a penetic backermmd that is 2= dose as posxible to the GM plant shall be selected. On

a c=e-hy-case bagis, and if there is explicit justification, applicants may imstead consider
the use of 2 non-GM variety with as similar agronomic properties to the GM plant a8

passible, 23 the apprapriate comparatar for ERA. In 3ll cazes, information on the breeding
scheme [pedigree] in relation to bath the GM plant and all chosen comparator(s) amd
justification for the use of the zelected wae af all chogsen comparatar{s) shall be pravided.

o some circumstanres, it may be advantapeous for the ERA to induode an additional
comparator with a closer penetic backpround to the GM plant than the conventional

counterpart {msch as a nepative aparegant}. in all cases where an afdditional comparator is
wsed, the mativation and choice ghall he justified explicitly-

It iz recopnized that appropriate management iz site- and year-spedfic; manapement of
devialions. Applicanis must pravide delailed manasement records o give soffident
reEplicated in the zame way 2 the GM plant and its comventional counterpart.

The ERA of effed= of persistence anid invaxiveness requines a wide variety of information
from specific experimeniz. The effects shudied mclude: reprodhsction, permination, sesd
persistence, myvasiveness, and hybridization. Selection of the comparator shoold therefore
be dane on a2 case-by-case baxis.

i Do extra oomiparator i employed, it may atill be neceasary to consider the use of =ome
form of paositive control (Perry et al, 20609] in ander tov demonstrate post-hoe that the
shuly was capable af detecting the desired effects [for example that there was a sufficient
population density af prpanisms available in the experimental area to be zampled). If the
pasitive control is external in the experiment, for examiple on a sinpgle tmrandomized plok,
then data from the conbm] may mat enter the statistical analysis in aoy form.

In this ERA puideline, the term 'GM plant’ referz in the specific GM event for which
approval is requested. However, in practice, commercially avzilahle GM varieties are often
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pruduced from crasses of this event with pther varistiex Appliconis should discuss
patential risks arising from the penetic backpround of varieties which mipht subsegquenthy
indude the GM event and how these mipght alter the conchsions of the risk asgessment. On

a cxe-hy-case bagis, depending on the nature of the event and arconding to the scape of
the application, data may be required an the zafety of the event when present in different
Sacked evenix

Single events that have been combined [stacked] by conventional oroasing should first
have been full characterised and risk assessed 2= GM plants with sinple eveniz Then the
characteristics and rigks of the sinple event GM planis cn be compared with thase of the
GM plant with stacked evenis in porder ta establish whether the combination of svenis
mmﬂfetydn:tnﬂnrmm:hmhmﬂmwmm&mnprmn
and any imstability. in addition far stacked events, 2 conventional counterpart

nf 0 e oivrilae ok el e b e Ilunl- lamhrimr Hao (T ooombe i o l -
[LLA ks

LM m SRl Slniiime Rl il DSkl Wil B, EEd-d LW ikl AL DN R

should be used as the camparator.

Note that i the harvested seed of a multiple event stack, there will be seprepants
consisting of sub-comhinations of eventy and the single events. For ERA, field trials for

alzo be required in prder to determine whether interactions are pocowrring which are nat
anticipated from knowledpe of the sinsle events.

if differences in stahility and for interactions are indicated by experiments then further,
more detziled, studies may be required in arder in determine the nature af the mskability
or interackion

To aszesz whether interactions between eveniz affert protein expression levels, svenis
which have been risk aszessed, and which contzin between them all the events present in
the stacked events, should be mchided as comparaiors.

In rase a2 conventional counterpart is pot avzilable, different comparator{zs] may be
appropriate depending upon the Evwe{s} under consideration. In particular, where
shulies utilise data arizing from feld trials for fopd and feed risk assessment [aften nzed
ip asseas apronomic and phenotypic characteristics], the comparators will be identical to
thase referred o im these shulies

To evaluaie the impact an non-tarpet prpanisms and the effects oo persistence and
invasiveness, the conventional cnmterpart can be suhstituted, an a case by case hasis, by
either a2 non-GM line derived from the breeding scheme used in develap the GM plant, ar
by a non-GM line with agronomic properties as similar a3 possible 1o thestadkedeventz
Applicants must justify the chaice explicitly in such c=e=

Since the assexsment of the effed= on persisience amd invasiveness of the GM plant
requires information fom =specific experiments which tend to be of a case-spedfic,
research-driven nature, the zelection of the appropriate comparator should be done an a
cazetry-rase hasis acoording to the effect shadied. Applicanis must justify the choice
explicitly in such cases.

57



Applicants should consider whether the use of extra comparainrs, surh as negative
sepregants or the parental lines, may be appropriate.

Far herhicide tolerant GM planty that are stacked events, GM plniz treated with
conventional herbicdes are nat required for hield trials for ERA, becase the primary
concern af these trials is ta pruvide data to exiablish that the combination of events doea
the =ingle eveniz However, if these initial trials ideotify unintended effects that raise
safety concerns then further, more detziled experimentation & required which incodes
additional comparator{z]. However, oo a case-hy-caze basiz, it may be neceszary to
indude GM plants treated with omventional herbicides a3 an additsanal comparatar.
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APPENDIX Z: GENERAL STATISTICAL PRINCIPLES

2.1 Statistical Principles

Thix chapler applies to daia callected from experiments in which specific hypotheses are
tested When ssch experimeni= are conducted in the fGeld they are termed “trials’
thrmeshout this chapter. This chapter does ot apply 1o data obtained from surveys aor
phyervational data

Far ERA, applicants shall list explicitly in wonds all the questions that each stody. be it a
field trial, a trial in semi-fiell canditions or a labhpratory stody, was desipoed tn address. In
aildition, each pf these questions shall he re-stated in fomal terms, in the foem of the
precizes null hypothesis that was tested to answer the question. This ghall apply equally to
thase siuidies that seek confirmatory data on mmintended effects when aome evidence
already exists, a3 to thase that take an ecotnxionlogical approach with a spedfic oull
hypothesis [Chapter 3.4).

Far field trials, applicants shall provide a dear amd explicit statement concerning the
mimmum levels of abunidance acreptahle for each taxa zampled, below which resulis
would lack credibility [for an example, see= Heard et al, 2043 sedion 2F). Applicani= shall
supply justifization for the vahses chasen. In mathematical modelling for the assesment
of long-teym or larpe=scale effects, applicanix shall state explicifly all assumplions made
and povide justifications for each The principles nnderlying the siotistical tests af
difference and equivalence [EFSA, 200Ke} described below are to pravide information
with quantified uncertainty that may be maed by hiclopists in risk characerization af
thase endpaints for which differences ar lack of equivalence are found. In ander tn place
differences ar lack of equivalence intn context, allowance nnest be made for the distincton
between statistical and binlopical sipmificance. The two approaches are complementary:
statistically sipnificant differences may paint to bialogical changes caused by the menetic
modification, but thesse may or may nat be relevant on safety sroumds [se=e Limits of
concern, helow)]. For riak assesoment it is not the hmction of statistical analysis tn provide
Tesulis that Jead automatically tn a particular decision; instead, the ase-by-case approach
shall remain paramaunt

The ERA is aften hampered by the difficulty of conducting experimentz with sufficent
statistiral power (see belaw) The use of meta-analyss [Marvier et al, 20807] is an opltam
for applicant= tn conagider, hut = not mandatnry. it may be nseful to quantify shulies that
may not all have the pawer ta be individually sismificant, in the siatistical z=nse, and alza
to provide an averview af broad patterns when individual shalies appear to cantradict
each other.

The comiparative analysis referred to above ahall invalve two approaches: [1} a proof of
difference, to verify whether the GM plant iz different from its conventional
counterpart[s] and mipht therefore be considered a potential risk depending an the type
of the identified difference, extent and pattern of exposure; and [2] 2 proaof of equivalence
to verify whether the GM plant & equivalent ar not ta itz conventional counterpart{s)
[Peryy et al., 20K19) within hounds defined by ap-called “limits of concern” (see below). Far
exch measurement endpaint, the level of enviroomentzal protection to be preserved is
expressed, directly or indirectly, through the setting of limits of coneern” which may take
one af two forms. For lower-ter snilies [Chapter 3.4} the limitsy of concern will usnally he
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tripper values which, if exceeded, will nsnally lead tn further stodies at hisher tiers. Then
the relationship of the limits of concern in environmentzal protedion poals is imdirect Far
the minimum ecolopical effects [in pasitive and negative directions) that are deemed
biolopically relevant. For Geld shulies, at least one of the imits of concern shall represent
the minimum effect that ia conwidered by applicaniz potentially to lead to environmental
harm [alzao zee Chapter 2.3.3.2). K this limit iz exceeded then detailed quamtitative

ing of exposure may be required tao scle up adverse effects at the field Level bath
regions and ecosystems] [EFSA, 2008}

Bazeline data can be used tn define the limits of concern. Purely az a poide, for laboratary
shulies, 2 multiplicative effect size of 209 iz often t2ken as the tripper value for further,
hipher-tier shalies. Similarly, for zemi-field testing, a trigeer vahee of 309% has been nzed
previpusly. Far ield shudies, several studies, both in the USA and in the EUJ [Heard et al.
2003), have adopted 509% a5 a Imit of concern, which i a reaspnable level By conbrast,
the effect size threshald for dassification set by LN for butierflies is 2 reduction in
population size of at least 309 over three penerationa [Inst here "papulation’ is defined at
a larper tham field =cale].

Note that, unless there is explicit justification, limits of concern for lower-tier shadies shall
wyually be lexs than thaze for hisher-tier shulies, since it makes oo zense for the resuls
from laboratury shsdies to exclude from further study effeds that might be manifest in the
field Whatever are the limits of concern adopted, applicants shall siate their vahse and
justify the chaice explicitly, for sach measurement endpoint. For Held shadies, it will
wyually be the lower limnt, which might correspond for example to 2 decrease in the
abundance of a particular spedes in the presence of the GM plant relative to that for the
conventional counterpart. that will be defined as the threshold effect deemed to be of just
sufficient mapnitnde to couse =ovirommental harm. Notwithstanding this general
approach, it iz acknaowledzed that the nultiplicity and diversity of questions that might he
posed in an FRA may demand alternatire statistical approaches, an a case-by-case basis

All test materials, the GM plant and conventional counterpart{s}, whether in the field, in
semi-field conditions or in the laboratory, shall be folly mndomised o the experimental
units. Other aspects of experimental desipn are addreased below.

Whether amaly=is is af field, semi-fiel or labaratary data, resulis shall be prezented in a
dear format, csing standanlised scentific units. Applicants shall provide the raw data and
the propramming code used for the statistical analy=is in an editable fom. Other aspects
of reporting aril snalysis are adidres=zed belaw.

22 Texiiog for difference ond equivalence

In testing for a difference the mill hypothesis is that there i no difference betwesn the GM
plant ard itz conventional counterpart, agzinst the alternative hypothesis that a difference
existz. In testing far equivalence the puoll hypothesis iz that there i lack of equivalence, in
the aense that the difference between the GM plant and it conventional counterpart s at
least ag preat as a specified minimum size, apaimst the alternative bypathesis that there is
na difference ar a smaller difference than the specified minimom between the GM plant
and itz conventional counterpart Rejection of the mill bypathexis [ie. a inding that the
difference iz na preater than this mininmm size] is required in ander to conchsde that the
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GM plant amdl the cooventiopnal coumterpart are unambippnusly equivalent for the
measurement endpoint considered. The two apmroaches are complementary: statistically
significmt differences may paint to biclopicl chanpes cansed by the penetic mod ification,
but these may or may not be relevant from the viewpoint of envirommental harm.

Far studies that 1=e extra comparators, the analysiz shall encompas=s separate difference
tesiz (between the GM plmt and each of iz different comparators) aml separate
equivalence tesis [between the GM plant and each of its different comparators), and these
shall be reparted similarly. Further disrossion af the principles of equivalence testing,

2.3 Specification of Hie effect xize and the limils of concern

Majr parts aof the risk assessment dossier are problem frmulation and rizk
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variable stuidied 2 minimum effert zize which s congidered o poientially have a relevant
impart an the receiving envimmnment (s} Bazed an such effect sizes, power analyses aid
transparency and may ensender public confidence that sk to the consumer i well-
defined and krwr [Marvier, 2002); these require spedfication of the magnitode of the effect
size that the shulyis desipned to detect.

Good scientific studies are plammed crefully enouph for the experimenters to have a
reasanable idea of the size of effect that the shuly is capable of detecting. For all these
reasans, for each stndy, whether in the field, in semi-field conditions ar in the labaratory,
applicanty shall siate explicitly the size of the effect that it is desired to detect in the shady,
for earh meaxured endpaoint. The effect size may be =symmetric, and in particolar may he
st az zero in ane direction o yield 2 non-inferiority form af the equivalence test [Laster
and Jahnson, 2003}

The mapnitule of the effect size that the shudy is desisned to detert will penerally he
preater for trials desipmed to provide confirmatory hield data for the assessment af

unintended effects on non-target organizsms than for specfic bypotheses [Chapter 3.4).
The effect size will often be placed an the nmltiplicative scale; however, the natural zcale

or some other scales are admissible alternatives, on a case-by-case basis In princple,
where mare than one comparator is used different effect sizres may be speciied [or the
diflerent comparators; however, thix i unlikely to be pecessary in practice. Applicants
shall pravide a full justification for all effect sizes chozen.

The applicant shall siate explicitly how the chozen effect sie(x] relates to the lmitz of
concern trouph the mininnon relevant ecological effect that & deemed binlapically
rElevant Usmally, these quantities will be identical; applicants shall justify cses where
thix iz not =0. Applicants shall sizte explicitly the limits of concern that were used for each
equivalence test If justified appropriately, more than ane pair of Llinnits of concern may he
set for each meanmrement endpoint; an equivalence test shall then be performed for each
pair af Limits.
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24 Power onnlysis

Far each shuly. applicants hall ensure that the desian is such that the difference test has
sufficient statistical power tn provide reasanable evidence [Pesty et al. 20049). Statistical
power is the prohability of detecting an effect of a piven sire, when such a real effect
Exisiz

It is recapnised that for ecolapical GM Beld trials the restriction on the land available for
experimental resources available [Perry et al, 2003} Hobwithsionding, optimal
experimental desian shall be directed to attaim power 2= hiph as posxible.

Far each shady, applicants shall provide an analyszis that extimates the power for each
difference test on each mexurement endppint, based on the stated effect size amd
aysuming a 5% type I error rate. The analysiz zhall be done at the planning stape af the
shuly. The power analyzis shall use only informatinon verifiable as available priar to the
shuly; under no crcumsiances shall data from the stndy iizelf be used. For hield trials,
since earh field trial at a site pn 2 particular corasion ghall bave sofficent replication ta be
able to yield a stand-alone analysis if required [see below), thiz power analyxis shall relate
tp a zingle site, nat to the entire ==t of trizls. For ziluations where many species are
::mplndau:h::mﬁddm:h.ﬂnpuwﬂrmlpﬂmmqmdnnljfnrﬂnm speces af
prime impartance and thase expected ta he the maost abundant.

2.5 Experimeninl exvironmresd

The first decision in conducting a stidy iz whether the questions 2=ked are best answered
by data produced in the laboraiory, mesoonsm, aemi-field, field or regin. As is dear from
Chapters 2.21 and 3.4.1.4, the effert of plant-enviranment interartions cn be studied
starting from shalies that encampass a ranpe of enviroomental acalez For this, hazarils
are evahiated within esvironments that prapress from worst-caze scenaria conditions
with labaraiory experiments, up to ecalogical field trials with relatively large ploi=.

The lahoratory environment is favouwred for studies where it is important to control amd
yield resmltz pf relatively hiph precision. The laboratory environment s wsed particularky
fur the identification of anite amd direct mpacis of GM produris and metabalitez an
inddivicheals. In particular doze-response relationships may be well described. i alza
pruvides the passihility to shuly indirect and moulti-trophic efed=s at amall acales

Trait-environment interactions may be siudied in the l@horatory, but anly in 3 limited
extent The lahoratary is aoften wsed as an initial environment in the tiered approach,
p:r‘hml:rljrfnrherlahldlﬂ [Chapiter 31.4.1.4]. In a labaratory shady, decisians must be
male whether test materials ahauld be of aynthetic ar in pdonte form [Chapter 3.4.1.4].

Semi-field trials are manipulative test sysiems that are desipped to contrul the inherent
variability of the envinoment They usally incorporate zome form of

envirpmment or containment, surch as field capes or screen honzes, desined both 1o
izalate the prganizms under test and exchide unwanted hiotic [e.p. predators] or non-
biotic (ep. rainfall} factors. Semi-field trials allorw exposure to ambient weather and Lipht
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conditions. The larper cages may result in more natural behavioural interartions betwesn
the arpamizms and planis tested. The zemi-field enviromment in pot subject tn larpe
variatians im the ecolopy of hahitals, and any varizhility due to different receiving
environments is suppresseidl Semi-field trials may have preater sensitivity than less-
mnh‘uﬂ:dnp:nﬁddhuh:nﬂﬂm:rb:ﬂmtlunﬂhﬂ:nfshtuhnﬂymgmﬁmt
effedtzs pn non-tarpet pollinatoes using bees in zcreen honse trials [Chapter 34.).
Mesocayms are experimental eonsystems that can be uwsed to perform tests under realistic
semi-field conditions.

Field trials allow the shudy of indirect and multi-trophic effects at larger scales, induoding
ﬂ:eyprmdnﬂ:emlyw:ymwhﬂ:rﬂlﬂmthmhﬂrﬂdmlhmayhevﬂldmdmdzr
natural conditions. They allow experimenial tesiz of parameters of impartance in
ecosystem lundioning [muh as the predation andfar parasitism rate of a species, the
decompasition rate of plant residwes, elc} amd the estimation of pverall ecosystem
functiums [such 2= pallination, nahwal pest contral, etc.). Anather advantage of Geld trials
is that penaolype x environment interactions may be studied in the receiving
environment{z).

Field surveys are sgentificlly desisned studies without 2 bypathesis anid where there i
pa experimental imppesition of treatmentz. However, data are colledted im the receiving

environment{s] and these may provide appropriate data relevant to the identification af
unintended effects on non-tarpet arpanisms [Chapter 3.4.1) and to changes in plant fitnesa
[Chapter 3.1.1].

The impartance of feld trials in the ERA af GM plantz is widely accepted [EFRA, 2008).
One crucial aspect is the increase in ecological realism that can be achieved as the scale af
tesiz mave up from laboratory throush mesorpsm tn semi-held, field and region. Far
example, when any organism is in cantact with a GM plant within 2 mult-rophic context,
identification of the impacts on ecological funcdioning is famhtated by an mcrease of zcale
of the experimental arena.

plantz iz of =pecial importance because there are orpamisms for which particular
ecolopical ar behavioural testx in the labaratnry f3il to encompass realistic conditions [for
example in some studies of species that are highly mobile, such a3 adult bulierflies ar
bees; or spedes for which rearing methods are madequate [(Chapter 3.4). Feld testing
allow= a wide range of arthraopal characieristios ta be aasesxed [auch = spedes number,
life stapes, expasure to abiotic and bsatic stress, complexity of trophic interactions] that
camnat easily be reproduced in laboratory settinps.

in reproduce in the field, which may prevent the dentification of cansal relationships
Attention shall therefore be paid to the dilferences in inferences that may be drasm
between standantised tests and Geld testing:



25 Exprrimeuinl decigo

Experimental desipms for labaratory experiments shall conform to accepted international
stapdlards and protoonls much as those puhblished, for emmple, by DECD or similar

Drpamizations specialising in ecotoxicolopy.

Far field trialz, the principle ahall be fallowed that each held trial at a site on 2 particular
porasion ahall have suffident replication to be able to yiel a stand-alme apalysis if
complete set of field trials at all sites and years.

The level af within-site replication ahall be infarmed by the power analyzis referred to
abave. Hotwithsiondimg this, it is mast unlikely that lesx than three replicates per site
would pravide an adeguate desisamn. A rompletely randomized or randomized block
experimental desipn is nsually apprapriate; appropriate extenzions to these desipns are
tliscuszed by (Perry et al. 2009). Applicant= =shall justify explicitly whny the different sites
selected for the trials are considered to he representative of the ranpe of receiving
enviromments where the crop will be grown, reflecting relevant metearological, ecological,

The chaice af plant varieties ghall be appropriate for the chnsen sites and shall also he
justified explicdtly [Chapter 2.3.7). Within each site the GM plant and ity cooventiomal
counterpart(s] amd any adiditional test material, where appropriate, shall be identical for
all replicatez. Environmental variation is mamifest at two zcales: site-to-gite and year-to-
year. The primary concern is not envimmmmental variation per e, but whether patential
differences between the test materials vary acmss environmenial conditions (e,
statistical interactions hetween test material and enviroomental factors, aften referred to

a1 penotype by envirooment [(GxE) interartions].

Hence, in addition to within-field repliction there is 2 need to replicate ower sites and
yeara to achieve representaliveness aooss peopraphy o dimate. Unless explicit
appropriate qustification = given by applicant=, each bield trial shall be replicated over at
least twa years, within each of which there shall be replication over at Jeast three sites. In
the ase that sites cover 2 very restricted mpopraphic ranpe, further replication of trials,
pver more than towo years, may be required. The nze of data fram different continents may
be informative, but applicants must justify explicity why the sites within these continents
are representative of the range of receiving envinnmenis where the GM plant will he

However, theae explicit requirements abave for replication to achieve representativeneza
do not apply tn confirmatory field data for the asessment of unintended effects, for
exampe, o non-tarpet orpanizms when some evidence already exisiz [see below and
Chapter 3.4}, ar to the great variety of feld trials desismed ta provide data for a wide
range af purposes, to assess aspeds of potential persistence and invasiveness [Chapter
i1). Hanyupmmmbldmgmumdfurmr:hplupmm:ﬂﬂﬂhlﬂmﬂmhmﬂtm
a3 a puidle for the very specific requirements for such trials. Data phenntypac
and apronomic characteristics of plantz s pften derived from the zame trials degisned ta
supply data for compasitional analyses; statestical oidance [EFSA, 2009e.a] has already
been prepared for compositional trials and the requirements abpve do not apply ta them,
However, far zome nan-foad non-feed applicatsons for mulbivation, such az potatoes
modified tn enhance the content of the amylopectin companent of starch, compasitional
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trials may nat be conducteld Then, the sxperimental design af phenatypic and apronomic
trials shall follaw the pidance in this chapter.

Far non-target organisms, plant performance and data on envimnomenial measurement
endppintz (e agmpomic characteristios, inchuling herbivare interartions with the plant,
TESpamaes to specific enviranmental exposurs)] may pravide indications concerning the
likelibpodl or ptherwise of unintended effects [Chapter 3.4). Thiz may, for example, mclude
evidence for unchanped ecpsystem fundiona. Inder the weipht of evidence approach
[Chapter 22), data from Gield trialz may be used to provide such confirmatary data ta
underpin conchizions that onintended efferdi= are unlikely. While the requirement for
statistical power for these field trialz shall be coried out 23 pulined in Chapter 23.3.3,
the requirements far representativensss may be relaced. Hence, as lang as there iz explicit
justification, umder these crmumstances, there iz no requirement far 2 mininmm mmhber
of sites and f or years.

Fomasrmarntal oneibs (Gald slatel hat aes of o aees -ll 1n nf
[ e g HH o= Y]
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Pre-commerialisation experimentation, smaller plots, where variation may be cantrall=d
and defined treatments impased mare easily, are mare appropriate for experimental umits
[Perry et al, 2009} R is recommended to separate plals within sites, aften by strips af
bare =zoil of apecified width, and to sample towands the centre of plots ta avaid edge-
efed= Unlexs the experiment is aet up spedfically to stody residisal effects fom pne
season tn the next or to study long-term effeds, it is recommended not ta ulilise exactly
the zame plats over more than ane year at a particolar site [Perry et al, 20609).

When it is desirable o assess aeveral diferent GM plani=s for ane cop species (ep. Zea

mays} the peperation of data for the comparative axsessment of theze different GM
varieties may be pruduced simultaneaosly, at the zame site and within the same field trial,
by the placing of the different GM planis and their apprapriate conventional counterparts
in the zames randimired block This is subject tn two conditions which shall be stricthy
mek: [1} each of the appraprialte counterpari(s] ahall always accur topether with i
partimilar GM plant im the same bilock: [2] all the different GM planiz and their
counterpart(s) shall he fully randomized within £ach binck. For further details, and for the
use of partially balanred incomplete hlodk designe zee EFSA, 2009,

In peneral, it is easier to impase controlled conditions in 2emi-beld trials, and theze are
nat subjedt tn enviranmental variability to the zame extent as are Geld trials. However, if
semi-field trials do not conbrol canditions then the need o test in different envirooments
[at diferent sites amd for in different years) shall be considered

Far some GM perennial plant=s [ex trees], the plants themselves may he more appropriate
experimenial units than are Held plots [Petersen, 1994 ). Care should he t2ken to choase

an experimental desipn that does oot suffer unduly from loss of plants during the trial
Whilst it is larpely unnecessary to combrol for positional varation, plant-in-plant
variability should be minimized when selecting experimental material.

it i recommenided that applicanis prepare an experimental desien proioool and a2
statistical analysis protorol for each shedy [Perry et al. 2049 for a suppested checklist]. it
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shuly, which inchsles;

Ooooano cooOoao

oo

A list pf the mexurement endpoints, and winy they were inchaded;

A description of amd justification far of the experimental desipn;

A description af the experimental units incduding dimensions:;

The hiocking struciure of the experimenial uniix, n ierTms of the factars thai
represent it, their levelz and whether the farinrs are nested ar cossed;

Any repeated mexurements made in the study:

The test materials and the justification for their mchision;

The treatment sbnacture of the study, in terms of the factors that represent it and
their levels:

A list of the interactions, if any, that are of imterest, and why they are; and

A description of how the treatment Goiors listed will be randomized to the
experimental units specified im the blecking structurs above.

it i recommenided that the statistical analysis protocol comprises full information oo the

i o e e [y gy |

A description of the peneric form nfﬂm:na]jmi::ndwhyitwmm

A description of the likely tramsformations planned, with reasons;

Justification for any distrilnstipnal assmplions;

The zcale on which the effects in the experiment are assarmed to be additive; and

Far field trials, the pratncals ahall alsp indude:

a
a
a
a
a

a
a

Detzils of the manapement of the fields before zowing induding the cropping
systemn and rotation;

The dates af sowing;

The zail types;

techmiques:

where apprapriate during harvest:

Relevant details af the field margins and neighhouring Gelds;

Brief descriptions of pest and disease infestations.

When many mexurement endpaints have been induded in 2 shuly (B where the
endpnpinis represent several NTO species). the resulis of all endpoints for which sufficent
records have been obtaimed shall be reparted, not just thase deemed ta be of particular
biplapical or statistical imtersst Data transformation may be necessary to ensure
iz rmstine in ecalopical applications, for many measorement endpaoint responze variahles,
a lomarithmic transformation [or a generalized linear model with a logarithmic link
funciion] may be appropriate. In such cases, any difference hetween the GM plant and any
pther test material i interpreted 23 a ratio an the natural acale. However, for pther
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measurement endpaintz the loparithmic transformation may oot be optimal and the
natural scale pr anather scale may be mare suitzhle.

Allow=amce must he made for poasible carrelations between repeated measurements fram
the zame experimental unitz. This is especially important where:

O Samplingis repeated over aeveral orcasions during a seaspn; and
O The GM plant = a peresmial.

Analyzes will imwlve a test for difference and a test far equivalence. Specifically, for a
pPartimlar mexurement endpaint, the mean difference{s} betwesn the GM plant and it
conventional counterpart{z] = computed amdd a 9% confidence interval construocted
around it, as m Perry et al, [20409). This mean, the confidence limits and all i

limits shall be dizplayed on a graph(s] similar to Figure 1 of [(EFSA, 200%], but where
nhmamplnﬁadr:lahwh:mbaﬁmedeﬁnﬂdbjﬂmmmnfﬂmﬂﬂphntmt
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on the logarithmic scale carrespands to a mullipliative facior of unity on the nabural
scale. The horizontal axis shall he labelled with values that specify the chanme on the
natural scale. In the case of logarithmic transformation, danpes of 2% and ¥x will appear
equally spared on either sule of the line of rera difference.

Bnﬂlﬂ:ediﬁermmtmtmdﬂmaquiﬂlmmtmtm:rhnimphmmdmﬂmwd]
knrevn correspondence hetween hypathesis testing and the consbrurdtion of confidence
mtzmhhﬂmmeuf:qun:lﬂnnetﬁhngthnzppmadnumddﬂﬂfuﬂuwﬂmhmm

sided tesiz [TOST) methedelapy (=g Schuirmann, 1987] by rejecting the null hypothesis
when the entire confidence interval falls between the equivalence limits. The choice of the
% canfidence imterval corresponds to the customary 25% level for siatistical testing aof
equivalence. Since the confidence interval praph iz uaed alzo for the test of difference,
each difference test will have a2 X% confidence level. Althouph 1 in 10 aof thess tesis is
expected to yield a sipnificant result by chance alone, applicants ahall report and disosss
all sipmificant differences phaerved between the GM plant, ity conventional conmterpart
and, where applicahle, any other tegt material, focussing on their hicloEical relevanee
within the cantext of rizk characterisation

the simmiltanescns tests of difference and equivalence, each outrome from the
exactly a3 described in EFSA [2(K19€]).

2.5 Sixtixtical anafysix of ficid triafs

The main analysix shall address all Geld trials sinmltanecushy and shall be hased on the
full datzx=et from all sites. Accandingly, the form of the pquivalence test shall he that
termed ‘average equivalence” in the drug testing literabre [(Wellek, 2002} The use of 2
statictical mixed model is an important feature of analysis for ood-feed asseasments
becouse of the need to estimate the natural variation of the commerdal varistiex
However, as stated in Chapter 2.33.2 ahpwe, for ERA it ia recommended that equivalence
limits are zet explicithy. Therefore, the use of commerdial varieties for this purpo=e is nat
neceasary, althouph it might be appropriaie lar ather biological reasonz. Henee it i nat
recommenided that statistical mixed models be required forms of analysis, a3 they are for
fopd feed azseasments (Perry et al. 2009} Indeed, it is recommended to use zimple
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stattical mpdels; effedts due to environmental factors such a3 seazans and stes may he
represented by fixed factors if desired.

Applicani=s ahall emyure that each amalysis has the potential to slentify amy mteractions
between sites and years and the test materialz. For each measurement endpoint studied,
applicants shall make an explicit statrment concerming the presence or abzence af amy
the implications for the inferences draem from the trials shall be discuased Applicants
shall alswy pruvide a table or praph #iving, for each site and year and for each
[transfiormed] measrement endpoint, the means anil standard errors of means of the GM
plant and its canventianal cnintespart{=), amnl any other test material, where applicable.

Diversity indices are not recommendded for peneral risk aasessment in pre-
commercialization shulies, because it is mpst onlikely that stodies will yield sufficient
samples of mdividualy to characterise indices adequately or that a sudficient degres of
ecolopical backpround imformation will exist to give confidence that biadiversity =m he
reEpresentied adequately a3 a single monber. By contrast, mulbivariate approaches may he

Partimilar recommendations apply lar the very wile ranpe of passihle studies of
persistence andl invasiveness, and the related estimation of seleclive advaniage and
{Chapter 1.1). Further discuasions and mativations imderpinning the abave

dizadvantape
statimtical puidanee [Chapters 2.3.3) may be found in Perry et al. (2009).
2.9 Imcertmintiers

The ERA ha= to take intn account uncertainty at various levels o= the effet sizes, the
likelibood of oorrence and the environmental impacts are each assockated with
umceriaimty.

Uncertainties may arise due o prublem formulatum, limitations in the data (e.g. linnted
exposure daia). gaps in the effect daiobaze, model choice, the limitation of the test
systems and measurement emipoints selected, inadequacy of shuly desism= and the
alzo arize fram differing interpretations of existing data, publication hiaz or lack of some
relevant data. Uncertainty may relate to gqualiative or quantitatne elements of the
snalysiz The level of nowledpe or data for a bassine is reflected by the level of
unceriainty. which ahall be distuszed by applicants. Applicants shall in addition aszess the
degres of uncerizinty within the ERA in comparison with the current umcertainties
displayed im the scientific literature.

Although it may he impassshle o identify all the uncertainties, the asessment ahall
mdnde:dmphmnfﬂmtypﬂnfmmrhmhﬂmmmm:ndmdﬂeddurmgﬂm
different riak x=apasment steps. Their relative importanee and their inflience oo the
assesgment cutcome shall be described [EFSA, 2009b). Any uncertaimbies imherent in the
different steps of the ERA [Sieps 1 to 5) shall he hizhliphted and quantified 2= far a3
passible; this mnpht be done by adaptimp the methodalogy outlined by [Risbey and
Kandlikar, 2007). Distinction ghall he made hetoresn uncertaimties that reflect natural
vmmmemhglml:ndhnh,glm]pmmmfmﬂudmgvm:hmmnmphhhtfm
populations or varietiex] and poxsihle differences in responses betwesn spedexs
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Eﬂ:mahnnufunmrhmhumupmmﬂnhld:t:shaﬂhehﬂndlﬂdhypmpﬂrshhmﬂl
analysis, while quantification of umcertainties in assumpltions [ep. extrapalation fram

enviroommental laboratory shulies tn camplex ecasystems) may be more difficult, nst shall
be dizmussed hully. The absence of data essential for the envirnmental risk aasesament

it should be clear from the dizcusxion how this body of information has been taken inta
account when the final riak characterisation iz determined. Risk characterisation may he
qualitztive and, if passible, quantitative depending on the isyoe to be addresased and the
avzilable data. The terms for the expresxion af risks and assodated uncertainties shall he
risk’ neeill, where poszible, further oumerical quantification in terms af probability of
exposure and for ponrrence of adverse effects [alza see Chapter 2.2.1).

It is recopnized that an ERA is paly as ppod ax pur state of scentific inowledse at the time
it was conducted. Thus, under current EXJ lemislation, FRAs are required to identify areas
of unceriainty or risk which relate io areas pulside current knowledse and the lLimited
scape af the ERA. These include such factors as the impart of the larpe-zeale expasure of
different envirommenis when GM planis are commercialized, the impact of expasure aver
long pericds of time and comulative long-term effects. When uncertainty factors [EFSA,
2005h) are uzed, an explanation of their hasis and a jostification of their appropriateness
peed io be provided, or a reference to dooumeniz where that information may be found
shall be induded. When paint estimates are used for uncertain quantities, justification for
the values chasen and aasessment of their influence on the aszessment ahall he inchsded
[EF5A, 20iMb).

Predicting imparts of GM planis on complex ecosystems which are continually in fhex is
difficult and larpely bazed on experiences with ather introductions and an understanding
of the rabusiness of ecosystems. i is recopmized that an environmental risk assessment i
limited by the nature, scale and location of experimental releazes, which biaspheres have
been studied and the lenpth of time the shulies were conducted. Probahilistic methads
ould be waed to determine ranges of plawsible values rather than sinple values or paint
estimates, whirh are suhsequently combined in prder to quantify the uncertainty im the
end result Theze methods could povide 3 powerful ol o guantify imeertainties
mm:tedmﬂl:nj':tﬂpsmﬂmmmnmmt:lmkmmﬂntwhﬂn:ﬂpmhdnhﬂ
approaches are used, the aulrome of the envimmmental risk assessment should he
characterised by reporting a distribution of the risk estimates. However, the uae aof
quantitative methods does oot remave the need for a qualitative evaloation of the
rEmaining uncertainties [EFSA, 2(K19b).

encompassed in FMEM follawing past applications and approvals may also imform the sk
aszerament proceas.,
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APPENDIX 3: LONG-TERM EFFECTS

ﬂnr]nrlnm fﬂt‘]‘l'l'l‘ll"ll'll'-‘l-it forthaira Eummn!!t}

Predicting and asseszing (2l verse] lonp-term effects requires information about the GM
pl:nt:ndﬂ:emmgt[:] [alsp zee Chaplter 237}, both in terms of the
bazeline canditions in the receiving environment{s]) and temporal chanpges in these
conditinns mdqmndmﬂynfﬂmﬂm plant and following GM plant imbrodurtion. The rate
and degrees to which the bazeline is likely tn changse mdependently of the GM plant [ep. ax
aresult of new craps and agronnmy) will vary among production systems.

The congileration of long-term effects in the ERA should address effects that misht arise
up to a mimimum of 18 years after the intraduction of the GM plant and shauld in all cses
cover the time period aver which propeny of the GM plant might persist and appear as
volunieera ar feralz. Thus, the analysis ashoull be candurted cse-by-case and applicants

3.1. Colrgories of long-lerm effeds

Lang term effects might result from a diversity of primary canses and secondary
interartions. which make it difficult to peneralize on metharls of investipation. Lange term
efferix can he considered in toro broad catepories:

L Lang-term or chrunic exposure to a particolar GM plant ar practice results im a
delayed response by arpanisms or their progeny [Category I). It may be in some
instances that a respanse oorurs immediaiely, it is not deterted by the measuring
tnals ar the particolar indicators employel For example, exposure aver time may
alfert a spede ar community by suppressing certain functional forma in relation ta
pthers, or acting an natural mutations that exist at very low frequency such as
porurs when pesiz develop resisiznce to a pesticide.

L Effed= which pcour as the result of an imevitahle inorease in spatial and temparal
complexity, determined by the mumber of poasible interactions that 2 GM plant
would have with hiolka and the phy=ical and chemnical enviranment as it = growm
more wilely throwshout the landzcpe and in mare eztended sequences af
oropping. There may not necessarily be a chronic or delayed effert as im the first
catepory: rather, the effect ocoors in certain contexis that are ouixide thase
experienced in the imiizal testing, or that have arizen as entirely new contexix due
io global envimoomental chanpe or the adoption of new forms of management. The
latter may indeed arise a1 2 downstream effect of the intraduction of the GM plant
multivation it=elf, if this ceses a change in the seqmence or ranpe af planis arown in
the production system.

An estimate of whether long-term effects of bath Catepories are expected to accur and
bow PMEM should be followed afler commercialization should be given in any
application. Based on the characteristics of the GM plant, the ERA should cansider these
lonpg-term effects by relerence to exisling examples, lonp-term datasets, and in zome
instances modelling, a3 indicated helow. The analysis and condusions shauld he
pre=ented in the form of a desk stndy baszed an the interpretation of existing mformation.
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Some efferts of Cateprey I might already have been imvestipated within constraimed
experimental sysiems maintzined over several generations of the GM plant/trait
combination under shudy. While some potential lons-terms effects miipht be revealed by
murh shulies, questions will siill remaim, a3 to bwirww much the constrained system restricts
the range of poasible reactions or encourages untypical readtions, such as causzed by a
reduced choice in the foraging range and food available tn nvertebrates that are kept for
mpnths or years in contralled environment chambers or restricted to intenzely managed
mechanisms by which the GM plant might interact with other organisms and their abiotic
enviromment, but wanld oot be sufficient dlone a3 a bagis for assesgment of long term
efferis in an agrirulhural or ecological context

Catemary IL by definition, cannat be investipated through an initial experimental phase of
testing, even at the s=le of the field plot. half-Bield or paired Geld, none of which can
pruvide the range of complexity experienced after lull commercial release inta 2 range af
envirommentis under different manapements and over a period af time. Catepory 11 effects
can anly be investipated by reference to exixting examples aoil caxe histories that provide
evidence of rates and mapnibsles of environmental impact due ta chanmes in land
manapement, apricultural practices (e pesticides, cop type] or external [es weather
and dimate change] factors, including &M coltivation in neighbouring aod other countries

Despite these uncerizinties, there is now a preat deal of information in the published
literature, and in accessible reporis and databases, on lons term ecolapical and
envirpnmental effects due in changes in land nsapge and manapement Applicants should
conduct apprupriate desk-hased stislies to aszess lonp-term enviranmental effects of the
GM plant in relation to both catepories of ine-term effects. it is pot the intention here ta
Eive precise insbnurtion to applicaniz an which data, proceszes anid indicators should he
consilered, since they will vary case bycase. However, examples aof the type af
information that could be 1waed in 2xsessment are:

O Experience of miltivating the GM plant or long-term envimmnomental exposure to GM
rultivation in other regions:

O Experience fram cultivation of similar plants [ GM and non-GM

O Lang-term ecalopical or environmental datasets applicable to the receiving
enviromment{s): es& information on current and fubure planned land management
im Bhutan;

O The resulis of studies on imbroduced speces aml GM plants that have examined
efferz or planis similar to thaze of the GM plant onder assessment; ex sindies of
the unintended inbrodurtion aml spread of GM ailseed rape in several countries [
Devas etal, 2011}

B—H'I.I'I‘I! o ctrdine nf s e flrssr el e rrv-m-—i ey e Tyl El-lll

Sl il MEALEENF LA Po-iki. LILFEE mmuuﬁl.mmul‘ll—l. WHIJHJHEJ“H“ L1 3

2013 ;

O The resulix of meta-analyses drawing tomether data from diferent zsources [eg
Marvier et 2l 2007, Duan et al, 2009, EC, 2009b):

O The use of mpdels of ecalogical processes to explare or test scenarios:
mathematical maodels of ecological processes are unlikely i be considersd
justification an their awn, but may be used to arpument ar mterpret data ar ta

[
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demansirate that poszibilities have been explored:; descriptions would he
necexsary af the model, its verification using existing data, the input variahles, etr;

O Farekoowledpe of relevant chanpe in the praduction system and wider
environment that can be expected in the years following release; an examiple iz the
commercial cultivation af GM crops in countries adjacent tn Bhutan.

3.2 iber gridance for appliceoic

Applicants should conclude for sach of the Chapters 3.1 to 3.7 — where appropriate - an
the outcomes aof the risk 2xspasment for long-term effects by summarising:

0 The methods and approaches osed to reach the conduosions, induding the
publizhed long-term ar large-scale experiments, reference datzsets, analysis and
mopdels ixed directly in the assessment:

a Thehui:nf:ndju:ﬁiinﬁmfuranundminn:pﬂdﬁ:tuﬂmﬁmphntnrih

e L _1 ___ _ _____ 1 __-____ - _ ___ ____-_ __sal __ T _I-L___ 1 _F T _____ & ______
MM SIS L lmmamﬁlmmmnmmmmdmuﬂmm

effect):

O Identification of parts of the manapement and monitaring that are desipned to
mamape and detect possible lang-term effects [Chapter 4]).
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AFFENIHX 4: BISE ASSESSMENT OF GM FLANTS CONTAINING STACEED

TEREANCENDPMATINN EVERANTE

AL e LR NP e W A i

In the context of thiz puideline, the term “stadked transformation event” or “stacked
evenls" will refer to 2 GM plant derived [rom conventional croasing of GM planis
isting of one or more eveniz R does not indwle retransformation of GM planis ta
introchwee additional GM evenis. The ERA of stacked eventy shwmuld follow the peneral
stratepies described in Chapter 2.1 and 22 of this puideline, ie. it should inchsde a
comparative safety aszessment and follow the 6 Steps of the ERA [Figure 2).

The ERA aof the single eventx is 2 pre-requisite for the risk asxessment of stacked eveniz
The ERA of starked events shall describe the finalised risk assessment of each zingle event
and ommpare the stacked event with the single eventy partimilarly in relation to pene and
trait expressian, ag well as with non-GM comparatars. If some sinple events in a stacked
GM plant do not exist separately, then the starked event GM plant swnld be asxeszed de
Davo as a new event with an appropriate comparzior and alyn omupared with sinsle
events which do exist

Sinre sinple events hawve been risk assesged, there ia 2 peneral assumption that
hvhridestinn of the soenis arul their coombrinstinn will haes the sk whch ars nesdictad

ANy L e bl L

from the sum of the single eveniz However the comhination of events might result in
concerns compared with the single events.

Similarly starked evenis coolzining three or mare events combined by canventional
oroxsing [defined 2= hipher stacked events), should be compared to already risk asseszed
sub-combirations [defined az lower stacked evenisjas well as with single events. The
appropriate comparatar for stacked evenis should be seleded in accordance with the
requirements defined in Chapgter 23.1. Applicntz should justify the chaoice of all
Comparanrs

The ERA of a hipher starked events shall cover all sub-comhbinations of these events that
can accur by natural sepregation, zince it iz likely that imparted grain aod seeds prodoced
from GM plants with stacked events will conizin seprepgants as well as the stacked event

The ERA of siacked eveniz shall mainly foms pn the characterisation and patential
conzequences of issies related tn:

O stability of the m=zeris;
O expressionafthe events;
combinatian of the events;

The impacts af these characterizations pn the phenotype, the adaptive and fitness traits
and the interactions of the starked event GM plant with other bioka need to be considersd
in the areas of risk described im Chapier 3 an a ase-by-cse basiz

Applicantz shall provide 2 sciemtific rationale justifying the ranpe and extemt af
information used to support the rick xseasment of sub-combinatimas.
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AFFENIHK 5: FEOHLEM FORMULATION AND METHBODS FOR TESTING NON-

TABRCET NIFCAMICE

o R e L el TR L el W

3.3.1.1 Definilion of axxrasment endpoints

Because pratection poals are peneral cancepts, they need o be translated intn mezsurable
aazexsment endpointy. Thus the aaseyament endpoint = an explicit expression aof the
enviroomental vahee that is to be pratecteidl This necessitates defining (2] species and [b)
require pratection rom harm.

In any ecasystem, there iz u=ually a hish number of KTO species that may he expozed to
GM planis. Cansidering that not each of these speces an be tested, a representative
subset of NTO species [referred to ax foral species”) shall be selected, an a case-by-case

basis, for consideration in the rick asseasment of each GM plant Te lead applicants tn a
decisin an which foral NTO species are fo be used 2= =sessment endpaints, speciea
selection shall be performed arronding tn the lowing four steps putlined alza im Figure
o

Step 1 - Kenitification of funciionol groops

A= 2 [irg step in speces selection, it is neceszary to identify the ecovystem hmctions and
services [inchading maintenance of herbivores a3 part af food web, pollination, regulation
of arthrapad pest populations by natural enemies anid decomposition of plant material)
pruvided tn the receiving environment [ep. agro-ecosysitem, natural forest) and the
fundional proupa of species imvolved, in the enviranment{a} where the GM plant iz likely
i pstabligh.

Step 2 - Codrgorantion of NTE sproies fram idenlified funciianol graeps

In the zsecomdl step, the main species linked to the functional growps identified im the
previpus step should he listed, considering the GM plant and the organisms aszociated ta
in itz receiving environment{z] [Birch et al, 2004, Hilbeck et al. 20{06). An indicative list
detailing the ecolopical role for common inveriebrates is provided in Tahle 3. Some
tmmomically related speces andfor life stapes of the same species may have different
ecolopical rales (e different feeding habiis) and this aspect should be considered.

In the catepprization of relevant NTO species, ariitional species of economic or aesthetic
or ubural value, or species of conzervational impartance considered 2= threatened ar
endangered will alzo need to be inciuded.
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Table 3: Examnple= of mnclicnal proups [expommre throuph trophic inberactions)

Functional group

Examples of taxonomic groups

Herbivores

Phloem-feeders: aphids (Hemiptera: Aphididae), leathoppers
(e.g. Hemiptera: Cicadellidae), certain Heteroptera
Cell-content feeders: thrips [Thysanoptera: Thripidae), spider
mites (Acarina) and Nemateda [Tylenchida: Meloidogynidae)
Chewing: leaf beetles (Coleoptera: Chrysomelidae],
Lepidoptera larvae, Diptera larvae, grasshoppers (Orthoptera
Ensifera), gastropods [Mollusca, Gastropoda

Predators

Natural

Beetles: Coleoptera (e.g. Coccinellidae, Carabidae,
Sraphilinidas)

Predatory bugs: Heteroptera (e.g. Nabidae, Anthocoridae)
Predatory flies: Diptera (e.g Syrphidae)

Lacewings: Neuroptera [e.g. Chrysopidae, Hemerobidae)
Thrips: Thysanoptera (e.g. Aeolothrips)

Spiders & harvestmen: Araneae and Opiliones

Mites: Acarina [e.g. Phytoseiidas)

HNematoda [E.E. Mononchus sp)

Parasitoids

Hymenoptera (e.g. Ichreumonidas, Braconidae, Aphelinidae)

Parasites & Pathogens

Barcteria, fungi, viruses

Entomopathogenic
Organisms

Nematoda (e.g. Heterorhabditidae, Steinernematidae],
pathopenic microorganisms

Pollinators

Solitary and social bees [Hymenoptera: Apidae), hover flies
(Diptera: Syrphidae); Coleoptera (e.g Melyridae,
Curculionidae, Scaraboeidae)

Decomposers

Diptera larvae [e.g. Phoridae, Sciaridae), Nematoda [e.g
Rhabditidas, Dorylaimidae), springtails [Collembola), mites
(Acaring), earthworms (Haplotaxida: Lumbricidae), Isopoda,
microorganisms

Plant symbdiomnts

rhizobacteria, mycorrhiza

Step 3 - Banking sprciex hazed om the ecolopical criteriac

Fram the list built in Step 2 of species selection, applicanty shall prioritise NTO species
from each relevant functional proup [(Birch et al, 2004, Hilbedk et al, 20K6).

The main criteria in be considered in this pricritisation process are:

O Species exposure to the GM plant in different receiving environments,
specfically considering life stapes present during the period of expasure;

0 Known zensitivity of the species tn the praduct{z) expressed in the GM plant:

0 Linkages tp the apriculbural and natural habitatz, and prezence of alternative

fond sources;
0 Almmdance;
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O Species vulnerability [ie. are cerizin papulations already threatened and tines
more vulnerahle to additional pressures?).

Step 4 - Fimal xelection of focal xpecies:

Based pn the considerations addressed m the previous steps of speces selection, a
resiricted pumher of focl species needs in be seleced fmom sach hnclional proup. A
thearetical framework for focal species selection s presented in Fisure 3. At this stape,
some practical criteria may be oonsidered in the final selecbion of focal species. it may he
that, amenp the pricritised species, some cn he tested more effectively nnder aboratary
mnd:hnm,mmmmhkelyhhem:ﬂ:hhmnﬂﬁnmtnumhmmthnﬁddhgmn
statistically resulis [Gathmann et al, 2046a, Gathmann et al, 2{K16b, Tadd et
al, 2008} Legal constraints may limit testing of certain NTOs [e.p. protected species), za
this aspect may also inflsence the final dhaice of Ioral species.

Him e m el Heed af e sl el e e e s ey el e e e 2o leed el b Tl e
i i3 R Wik, b Wi ST Ol iR Sl [ eSS, o - S AV E Sriabi & icdds DIE

focal species fmm each relevant imctional growp ddentified in the problem formulation
for further conzileration in the ERA. Different paszible zmirces of expasure for each ol
species [in the mast relevant developmental stapes) to be tested should be considered in
the focal species selection proceas.

Far field trials, egtimation of ecosystem hmctionz aod services couldd complement ar
soil hnctions) depend on the pumber of species, their abundances and different types af
assemblase=. In a particular aszemblage, the abunidance of any spedes naturally Auduates
and the decline af a certain pogulation might be compensated by another species within
ﬂm::megtﬁ]ﬂmﬂmﬂ:dv:n:ly:ﬁmhngﬁm:hmhty[ﬂamqn!ﬂl%] Far example,
the pverall predabion rate of a puild of predatory species could be selected = an
assesoment endpoint in Geld trials (Arpaia et al, 2009) Likewize, evaluating the
earthrworm community 2= 2 whole misht provide data that are mare ecolopically relevant
than mezxuring the effects on a single (focal) earthororm specdes.

A thearetical framewnrk for focal species apledian i presented in Fipure 5.
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33.13 Considrring the cxpacure polierns o NTOs

The averlap of the life cycle and developmental stapes of the focal species and the
phenolaxy of the GM planiz needs tn be evaliated. Expasure may alsp happen after the
transgene has moved via dispersal of pollen and prain/seed in and away irom the prowing
site of the GM plamnt [e.p. pallen deposited an leaves of hoast planiz for non-tarpet
Lepidopiera and Coleaptera). Mareover, pene How via out crossing may result in gene
Expression in related species and result in additional levels of exposure tn other NTO
species

Where the appliction does nat inchale cultivation, direct enviroomental expasure af
NTOz to the GM plant is via the artidental release intn the environment of =eeds ar
prupagules of the GM plant during tramsportation and processing.

The level of expozure of NTO= to the GM plant will depend oo the numbers of GM plants
that establish and the areas in which they establish:

O N there iz sporadic ororrence af [eral GM planix then exposure aof NTO
pupulations is likely ta he neplisible;

0 Expawre tn GM plant produris used ag foad andjfor feed can also be throuph
manure and faeces fram the animals fed the GM plant:

0 Expasure may alip accur via by-products of GM plantz during imdhestrial processes
[e.pg. praceszing of imported GM timber]:

0 The level of envimmmental expomure i estimated pn a2 case-bycase basia
depending upon zeveral lactors. These indude the bialogical and ecolopical
characteristics of the GM plant and itz transpene(s), the range of expected =zcles
and frequencies of GM plant dissemiration, the receiving envinmment (5] where
the GM plant i likely it exizblish, and the interactions among these factors

if pene flow to rozs-compatihle wild fweedy relatives and feral plants i likely to oomr
then exposure of NTOs to these GM planiz and their produris aver life cycles and seasoma
should be aszeszed.

chanpe, that will be recarided as part of the comparative risk amessment, need o be
defined andl esizblished by appliconis throwgh measurement endpoimiz These
measurement emdpoints should constitule measures to characterise both exposure
and for hzzanl, and shall be selected when there = an interpretation af the lialopical data,
ie. how tn relate the resulis to the agzessment endpaint

An alteration in plant metabolism could substantially affect components af the Life history
of organsms aszociated with thess planty and conzequently alier the prowth af NTO
populations [Charleston and Dicke, 20808). Both lethal and sub-ethal effecis are relevant
in the assexsment of 2 possible hazard for a given NTO specez

Testing for sub-lethal effects is impartant sinee it can alza give imdications of possible
lonp-term effect= An appropriate measurement endppint for KTO testing is relative
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fitnezs [or some component of relative itness), which is the relative Lifetime sorvival and
reproduction of the expased versus umexpased non-tarpet species (Birch et al, 2004). R is
therefore required that NTO tesiz consider both toxic effects [shortierm martality,
lonpevity] and sub-lethal effects. The latest can be asseszed throuph mprowth patiern,
development rate, reproduction parameters [ep. number and size of offsprine. percentage
of epes hatching, sex ratio of promeny. ape of sensal maharity). and, when appropriate,
behaviowral characteristics (2. searching efficiency, predation rates, fond chaice).

o field conditions, the abundance and spedes diversity of certain proups of NTOs at a
measurement endpaints shall be done according tn the problem formulation an a case-bry-
case basis.

Long-term efferis on NTO populations or undctional puilds are a substantial element of the
ERA, meaning that, in the context of NTO testing, repraduction parameters amid testing
over muliiple penerations are consilered 2= appropriate endpoiniz. In addition madelling
andfor post-market envimonmenial monitoring cn also be switable methods for

Mroxmures of laxord

Mexsures of harard represent the measurable change of the measorement endpoimt{s} in
respanse to the GM plant and far its products to which it i exposed [Storkey et al, 200E]).
Meaxsures of harard may be an anute lethal concentration resulting in the death of, g
50% of the prpanisms tested or the effective response concentration for chranic effects
measured or altered reprodurtion [ fecundity), prowth, development and hebaviour in
a receplor population (Walt et al, 2010). These measurements can be expressed as
effective cancentration affecting a x percentapge of individuals (ECx]-

o aldition, it iz necessary to consider reproduction parameters (&g number and =ize of
offspring, perceniase of epps hatrthing, ape of sexmal maturity], prowth patiern,
development rate and behavioural characteristics [e.p searching sffidency, predation
rates, fopd chaice] may alsn be appropriate measures of hazand for long-term effects. At
population level, an important predictor is the imirinsic rate of ncrease [rm} that
inteprates measures of arvivorship and fecuniity [Romanow et al, 1991, Stark and
Wennerpren, 19495). Morepver, the clmilation of the insiantanemes raie of mereaze (i)
allows a pood estimatr af rm for the shady of insedt populations at Jower tiers [Walthall
and Stark, 1997ab]).

Mromures of capasure
Mexsures of exposure shall describe the contart or co-occurrence of the GM plant with the

valued entity, and can bhe expressed as predicted [or estiimated) environmenital
concentrations [FEC or EEC). The description of the novel attribute of the GM plant [eg
transgenic protein] in terms of the moute, frequency. duration, and intensity of exposure
far the change relative tn the valued entity iz conzidered relevant information [(Wolt et al,
2010). Epth plant and NTO features amsume an important role here, for instance
pverlapping of the NTO hiclopy [ep life cyde stapes) with the spatio-irmparal
concentration of the transgenic praduct{s) are to be considered to quantify expasre. ¥ a
nan-larmet species is not directly exposed ta the transpene andfar its product{s) from the
plant but indirectly via other tarpet or non-tarpet species, these pathways of exposure
need tn be evahsated.
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3.3.1.5. Bypotiiexes irniing & tirred epproach

A cxze study approach describing how the GM plant may adverzely affect NTOs ar their
ecolopical functions ia proposed as cutlined in Table 4. Based an plant-trait-NTOD
interartions, five pozsible cases can be foreseen. On one band, GM planiz may express new
pruteins/metabolites that have [1a) ioxic properties; (Ib) non-toxic praperties: or (Ic)
unknown tixicity. On the ather hand, GM planis may have an altered compesition, in
which metabalic pathways koown to affect NTO-plant relationships (e.p. glucosinolates in
Braszicacear, alkalaids in Solamaceas, lignin in treexs) are altered (1), or not altered (Th).

In all af those five cases, the metahplism and far the composition of the GM planiz may in
aildition be umintentionally altered 2= a consequence of the genestic modification in a way
that could affect NTO-plant relationships [unintended effecis’). The preszence af
unintenided effeds in GM planis can be due o different reasons (e pleiotropic effects)
and it is well documented in the sGentific hterature [EEETLE report, 2009}

Only in apme of the five identified cazes (e I3, It and Ma), can a spedfic hypothesis he
formmulated tn assess plaswible imtendded effects (ep. 2 GM plant intenidonally aliered to
prutuce hialogFiclly active compmmds may produsce the zame effects on non-tarpet
peCies).

To test these hypotheses and thus axsess possible adverse effect= oo NTOs, relevant data
need to he supplied and considered by applicantz. For the two remaining daszes of GM

Plants, pnly the ahsenee of posxible mnintended effects an NTO= needs ta be demongtrated
:.r'rﬂ'rﬂm.h\'l'l-ln I'I'I'IIII"II'II- lrzrrilus] el oo

Table 4: Identified cases and hypotheses testing
GM plants expressing new GM plants with intentionally
proteins /metabolites with: altered composition
Toxic MNon-toxic Unknown | Alteration of | No Alteration
properties | properties tondcity metabolic of metabalic
pathways pathways
known to known to
affect NTO affect NTO
plant plant
relationships | relationships
[a Ib Ic Ila b
Possible effects of Intended Unintended Intended Intended and | Unintended
the transformation | and and unintended
pProcess unintende unintende
d d
Could specific Yes No, but see Yes Yes Mo, but see
hypotheses be Chapter Chapter
defined? 3416 3416

Sourre: FRSA 2010
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3.3.1.4 Sperific bypothesix-driven iovwestygolion

Far the caze stndies Ia, Ic, and Ia, spedfic bypotheses can be lormulated and asyeszed
[=.p the new metabalite can be taxic to some noo-tarpet species, or the chanpe in the
metabolic pathwray will pos=ibly influence the plant’s interactions with ather argamisms
pn varipus trophic levels) aconnling ta the flow chart ilhesbrated in Fipure &.

Stacked evenis expressing biocdial compounds, may have different adverse effects an
NTOx than the sinple evenis due to symergistic, additive ar antapnnistic effects.

Applicantz shall pesform stoilies (or provide existing data) with combined adminizstration
of praleics when the penetic modification resulis in the expression of two ar mare
pruteins in the GM plant I plawia tests with the stacked event shall be inddded in tier 1
shulies. Testing ahvould follaw the same approach as described for single eventz

Based pn specific hypathezes, NTO risk assessment can be perfarmed in a tiered manner:
wherehy, hazards are evaluated within different tiers that propress from worst-ase
scenario comdlitions framed in highly cantrulled laboratory enviroonments to mare realistic
under controlled canditions [ labaratory tests under tier 12 and 1h and semi-field tesis
under tier 2], and field tests [Her 3]). Tier 1a refer o in vibm tesis carried oot with
purified metabalites, whereas Tier 1b refers to in planis testing wsing bi- or multi-traphic
experiments aronding to the focal speces s=lected.

Semi-field tests: pubboors tests carried ot with some containment that conbrols for

rarighilibr with mamimelatinon breotments on relastivehr =mall smeriments] umits (=2
myE  TEARAL Ry e | g [ Ay =

caped plants, screen honse=s}

Within a tier, all relevant data shall be pathered o assexs whether there is sufficient
information ta conclude oo the risk at that tier. In case no reliable risk condusions cn be
drawn, hurther data might be needed Decision aof moving between tiers needs to be driven
by trigmer valuex These values shall be zet for the species under consideration taking inta
arcaunt the intrinssc toxicity (eg estimated by effective conrentration [ECx) of the newly
expressed produris and the expected concentration in the plant}), and the sensitivity of the
NTO developmential siapes [examples of tripper values for NTOs are pravided in EPPO35
puitdelines].

Bazed on the experience with Cry toxins, tier 1 tesis penerally seem ta represent useful
prediciors for resulix at hipher tier tests (Duan et al, 2009] provided that desipns include
all ecolopically relevant ways of exposure. When labaratory shulies are performed, bath
in vitra and in plenie tests (Hers 1a and 1b) should be dane to reach a reliable risk
conchion after tier 1. Tier 1a texsting iy of crsdal importanee for the ERA if oo or litHe
idata on the melzhplites expressed by simmilar GM traits are availahle [e.p. Table 4: c2se Ic).
Tier 1a tests require purified metabolites in the same form as expreszed in the GM plant
Tier 1b camplement= the resulis as they pive indications on possible interacdions between
plant compounds and reflect realistic exposure conditions throuph bivavailability.

In fact, Duan et al [2(K1B] demonstrated that lahoratory shulies mcarparating tri-traphic
interartions of Cryl-expreasing plants, herbivores and parasitnids were better correlated
with the decreazed fiell abundanrce of par=xitnids than were direct expasure aszay=z.
Where purified metabolites are not availahle, only tier 1b studies ahall be condiscied oxing
GM plant material that puarantees expasure o bath tracsgenes products and the plant
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Likewize, it is poszible that for some NTO [ocal species npo relishle protomly for
performing such experiments exist, im this case applicants may perfarm this type of teat
on same focal species anly. In all justified cazes where testine an a lower tier is nat
appropriate (ep. test organismsz cannot be reared in the labaratory), applicnts can
perform tests ot the next tier.

The diet regime [or each focal species (in the mast relevant developmental stapes) to he
tested nnest reflect the different poszible apurces of exposure in nature. Same onpacts an
mlti-trophic interactions and ecosystem functions may not be phserved in tier 1 testz
igher tier testing may therefore be needed on a2 case-by-caze hasis before dedzions an
the level of rizka can be made. In particular, feld testing is essential io mvestizate trait
VErs environment interactions when Labarainry tests give reason to assume a possible
adverse effect.

The NTO testing phase can be finalized when sufficient information is compiled tn reject
the tested hypotheses. Applicants, wha conchude that further tesis are not required, bazed
pn available information, are required to explain the rationale for this conchision. ¥ at amy
tier adverze effects are detected, a hxrard characterisation iy required tn determine the
biplapical relevance of these effectz.

Alap, the use of more NTQ species in the zame hunctional graup might help to darify how
commin these adverse effects might be for the specific ecosystem. In some cases it might
pecessary to go bark to the problem farmulation phase, to redefine 2 hypothesis and to
dexipn additional experiments in penerate the data needed.
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1. Tier 1a- 15 any of the NTO focal species sensitive to the
purified proteinis)fmetabolite(s} in laboratony tests?

2. Tier 1b - Is there an adverse effect of the GM plant on 1 data required
the chosen endpoints (e_g. developmental and/or
regroductive performance of the NTO focal species]?

I

|

|

|

|

| |’
| Mo additicnal
|

|

|

|

|

3. Is there an adverse effect for ecosystem functions, and/
or the developmental andfor reproductive

|
|
|
| N -

% o additicnal
| perfermance of the NTO focal species on the GM plant it ractighn
| compared to its conventional countenpart n semi-fiald T
: tests?
|

Stage Tier 3 data required |

4. |5 there an adverse effect for ecosystermn functions, and/
or the develogmental andfor reproductive No additicnal
performance of the NTO focal speces on the GM plant data requined

compared to s conventional Counternat i fisld tects?

e LAERLTILES

uired?

43

—_———— e ———

+—r'r;)~ Describe risk management strategies
ducad to levels

i—"- {an the snuircnmantz| rickisl be r lepels ;X

- R

falling within the limits of cancemn?

Fully eharacterse the risk{s) to the NTO
focal speces

Applicants should provide answers to all questions within any of the bowes to which they navigate.

Figure 6: Decizon tree for corrying oot o specific-hypothess driven investigation. Appiicanis
shall provide answers in oll questions within any of the baxes tn which they novigaie. The
questions are divided ieio three singes [Liers 1.2.3). Only if ofl the quesiions of o stoge ore
answered negatively [answer: Ni). are no additional dole required. If at leosi one quedtion
of o singe ix onswered posiively [enswer: YES], applicants shall move to the rext singe and
adidress all the questions of that sioge.
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3.3.1.7. Dui requiremend for the evaivolion of poxxibie unintended effects

GM planty may have imintended adverse effects on bindiversity throuph interactions with
populations of ather species assoriated or sympatric with the GM plant i = impaortant
BCoSysiem services, are not disrupted o the extent that populations decline and far vital
fundiins are impaired. Uniniended impacts of GM planix on species richmess and
ecolopical imctions shall be considered in the ERA.

Problem formulation thes seeks to cpllect all available mformation to deorease
unceriainty of unintended effects to an acceptable level. The evidence i exclide the
likelibood] of unintenided efferi= an NTO=s cn came from mimeraus sources induiding data
already colleded for other parits of the risk assessment, callating all the appropriate
information from thezse data sowmres to pruvide a weisht-of-evidenrs approach. Data
sources relative ta plant-enviranment interactions are always neceszary tn suppart the
paszible exrdnsion of unintended effects,

The saurces of data, which should he properly justified, are desoribed under Chapter 2.1.

Applicnis are requested o consider 3]l the information available from these different
ilata sowrces and o ensure that some Geld generated data are induded. The e of Geld-
penerated data may be informative in this context, but applicants st justify why these
ilata are relevant to the ecalogical functionality of receiving envinmments in Bhuotan
where the GM plant might exiablish,

Since unintended efferdx are to a larpe extent event specific, daia fram other evenis ar
from similar eventy in ather plant species will carry litle weight in supporting an

T

Far stacked events not expressing biociklal compounds, if scientific knowletde does nat

indicate possibility of synergistic, addithee or aniamonistic mteractons hetwesn these
compounils that may affect NTOs, then no specific testing s necessary.
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