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Summary

Regulatory experience with genetically engineered organisms (GEOs) in the United
States provides a positive record of successful evaluations and subsequent safe use of the
commercial products. This argues for a further streamlining of the process for regulatory
approvals with a focus on the ecological risk assessment (ERA) framework as an
objective science-based process for identification of risks that may adversely impact
human health and the environment. To date, the ERA framework as applied to GEOs has
been sufficiently flexible to deal with concerns surrounding biotechnology. The case-
specific problem formulation using common data elements serves as important precursor
information that directs the ERA toward risk assessment for consequential concerns.

US Regulatory Experience with GEOs

Regulatory authorities within the United States have more than 25 years experience with
environmental evaluations of genetically engineered organisms (GEOs) and more than

10 years experience with commercial deployment of GE crops. The original field releases
of GEOs (ice nucleating bacteria in 1983) predated the formalized recognition of a
regulatory structure and were conducted consistent with National Institutes of Health
(NIH) “Guidelines for Research with Genetically Engineered Organisms.” The
Coordinated Framework (OSTP, 1986) subsequently described the shared mandate
among federal agencies for considerations of GEO safety utilizing existing regulation.

Under the Coordinated Framework, the United States Department of Agriculture (USDA)
has broad authority to permit and deregulate GEOs, which are evaluated from the
standpoint of environmental risk under statues pertaining to introduction of plant pests
into US agriculture. USDA Animal Plant and Health Inspection Service (APHIS),
Biotechnology Regulatory Services (BRS) has current responsibility in this regard.

The United States Environmental (EPA) has authority to regulate GEOs that express
pesticidal traits (insect or disease resistance proteins) as plant incorporated protectants
(PIPs) under the Federal Fungicide, Insecticide, and Rodenticide Act (FIFRA). EPA
conducts comprehensive human and ecological safety assessments and grants time-
lirnited registrations for these traits. The EPA Office of Pesticide Programs (OPP),
Biopesticides and Pollution Prevention Division (BPPD) is responsible for registration of
PIPs.
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Food safety issues for GEOs are addressed by the US Food and Drug Administration
(FDA) Office of Food Additive Safety, Division of Biotechnology & GRAS Notice
Review. Food safety evaluations currently involve a consultative process between FDA
and product developers.

All federal agencies within the US must consider environmental values in regulatory
decision-making under the National Environmental Protection Act (NEPA). NEPA
requires consideration of environmental impacts of proposed regulatory actions and
reasonable alternatives to those actions. Therefore, if any agency undertaking regulatory
actions relative to GEOs determines that risk findings are incomplete they will prepare an
Environmental Impact Statement (EIS) to establish no significant impact to the
environment. For instance, BRS has undertaken an EIS to determine what further
regulatory responsibilities USDA may have as it writes regulation to streamline the risk
assessment process for GEQOs. Similarly, all federal agencies are required to specifically
address endangered species concerns relevant to the decisions under the Endangered
Species Act (ESA).

The Coordinated Framework has allowed for commercial deployment of GE crops into
the US market in a timely and effective manner, while adhering to high standards of
human and ecological safety. As a consequence there has been rapid adoption of GE
crops. In 2004, the proportion of US crops planted to GE varieties represented 45% of
comn, 85% of soybean, and 76% of cotton; representing herbicide resistance traits, insect
resistance traits, stacks and pyramids. Keys to reguiatory success in dealing with GEOs in
the US can in part be attributed to use of an ERA framework, flexibility in addressing
novel products on a case-by-case basis, focused evaluations where initial problem
formulation serves to prioritize concerns that are addressed by regulators, and emphasis
by regulators on consequential concerns (established hazards and real risks).

The ERA Process and Framework

Ecological risk assessment (ERA) is a process for describing technology risk as a
likelihood of harm to occur under realistic conditions of exposure. Within the United
States, this process has been successfully applied to regulatory policy and science-based
decision-making for 25 years. Similar approaches to ecological risk are well-recognized
and used in other regions of the world. The ERA process has a strong focus on
toxicological testing and exposure assessment; therefore, some have questioned the
applicability of this technique toward assessment of potential risks associated with the
wide scale release and cultivation of genetically engineered (GE) crops. Recent
publications have described conceptually how ERA can be applied to GE crops (Dutton
et al., 2003; Wilkinson et al., 2003; Hill, 2005; Romeis et al., 2006a}. Published examples
of the application of GE crop ERA are now common (Wolt et al., 2003, 2005; Peterson et
al., 2006; Romeis et al., 2006b). In this presentation, the process of ERA is briefly
described with respect to the environmental and ecological risks posed by deployment of
GE crops. The focus of this presentation is on ERA as it relates to non-target arthropods
(NTA), but the broad methodology is applied to non-target organisms in general and is
adaptable to questions of gene flow and weediness (Raybould and Cooper, 2005).
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Regardless of the particular environmental or ecological concern that may be addressed,
the ERA is focused on a science-based process that evaluates exposure and effect (the
consequence of the exposure in terms of likelihood of harm). Focusing on the
consequences of environmental release of GE crops rather than concerns regarding GE
crop deployment provides an objective means to use science-based information for
regulatory and public policy decisions.

The ERA utilizes a ‘framework approach’ providing a hypothetical description of a
complex process through application of a logical scheme for organizing complex
information. The goals of an ERA framework are to

— develop a unified conceptual approach to environmental assessment;

— facilitate cooperation/collaboration between assessment-related disciplines;
— increase transparency of risk assessments to users (risk managers);

— provide standardized tools and techniques; and

— dispel the perception that ecological risk assessment is impossible (Barnthouse,
20006).

Specifically within the US, ERA has been defined as “the process that evaluates the
likelihood that adverse ecological effects may occur or are occurring as a result of
exposure to one or more stressors [or actions]” (USEPA, 1992; 1998). The key to success
in applying ERA to a wide variety of technologies is recognition that the ERA is a
process — that is, a particular course of action intended to achieve a result (a procedure).
And not a technique — a specific approach to performing the assessment.

Application of ERA to GE Crops

In applying ERA to GE crops, it is necessary to understand that the overall process of risk
assessment does not start with the ERA. Rather the ERA relies on a body of precursor
information that establishes with reasonable certainty that, other than for the expression
of the trait of interest, the GE crop is equivalent to non-transformed comparators (see for
example EuropaBio, 2003, 2004). Once equivalence has been established on the basis of
the GE crop characterization, the ERA can proceed with emphasis on stressor-mediated
effects, where the potential stressor (that is the agent capable of causing harm) is the
expressed trait, for instance a Bt protein conferring insect resistance to a crop. Thus, the
general philosophy toward the ERA for GE crops:

— entails weight-of-evidence based on comprehensive evaluation of data;

— proceeds from general understanding to specific entities of concern;

— supports findings with quantitative data and analyses to the fullest extent possible;

— provides risk-based findings that focus on harm that may be manifested at
environmentally relevant exposures; and

— seeks a determination of reasonable certainty of no harm to the environment or
ecological entities in that environment.

12



The ERA process as it is applied to GE crops is consistent with the overall ERA
framework; however, complexities exist due to the relatively recent nature of
biotechnology and the fact that biological information is not fully quantifiable.
Furthermore, the fact that we simultaneously consider within GE crop risk assessments
the effect of stressor on individuals and populations as well as the effect of deployment
on populations and communities, leads to confusion by some with respect to how
evaluation of stressor-mediated effects (the core consideration of ERA) can address
uncertainties regarding effects at an ecological scale. In applying the ERA framework to
GE crops, the stressor is recognized as the expressed product that elicits harm (for
example, an insecticidally active Bt toxin). A relevant action is deployment of an event
expressing the Bt toxin within a given region. Emphasis in the GE crop ERA should be
given to the stressor-mediated effects, as demonstration of reasonable certainty of no
harm from direct exposure to the stressor provides reasonable certainty that indirect
effects arising from the action of deployment will not be ecologically relevant.

The ERA for GE crops relies on a tiered process of both testing and subsequent
assessment. This process proceeds from well-controlled, focused, laboratory studies
conducted under very conservative assumptions regarding exposure potential, to less
certain field studies and monitoring that seek the manifestation of hazard under real
world conditions. Because controlled laboratory studies are conservative indications of
likelihood for risk to be manifested under real world conditions (that is, of risk), the
majority of GE crop ERAs conducted to date have relied on laboratory studies. In cases
where confirmatory field studies and monitoring were conducted, laboratory study
findings have proven adequate to determine that there is reasonable certainty of no harm
associated with environmental release.

Confirmation of the Adequacy of the ERA Process for GE Crops

For GE crops evaluated to date laboratory studies have been adequate to determine that
there is reasonable certainty of no harm associated with environmental release. This is
confirmed by case-by-case instances of field surveys and census, field surveillance
monitoring, and experience with large scale deployment of GE crops. This has also been
confirmed with respect to risk findings associated with Bt corn and monarch butterfly.

In the instance of risks of Bt com to nontarget Lepidoptera, EPA’s original ERA found
negligible risks from incidental exposure to potentially sensitive insects such as monarch
butterfly, but failed to adequately manage and communicate that finding in subsequent
decision-making. Thus, the subsequent reporting of hazard to monarch from Bt corn
pollen elicited considerable public concern and uncertainty within the scientific
community. Substantial subsequent public sector research and ERA as well as EPA’s
reanalysis supported the original finding of negligible risk to nontarget butterflies. The
monarch controversy was not due to failure in the ERA process (the original ERA was
conservative and has been supported by subsequent research), however, risk management
and risk communication failures led to a lack of understanding.
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In terms of field studies and monitoring, there has been concern addressed by some (NRC,
2002) as to the adequacy of the ERA process for understanding of ecological effects from
large scale commercial release. Through application of the case-by-case paradigm risk
assessment, both EPA and USDA have required substantial nontarget field studies for GE
crops as a means for verification of the adequacy of risk findings based on laboratory
studies and exposure assessments conducted within an ERA framework. Published field
studies involving Bt corn and nontarget organisms show that to date there have not been
significant unanticipated effects from field release of GE crops. US regulators continue to
consider monitoring a case-by-case consideration and requests for monitoring will be
hypothesis-driven on the basis of uncertainties arising form the ERA process.

Problem Formulation and Common Data Elements of the GE crop ERA

Success of the ERA is very much tied to the initial step of problem formulation which

sets the stage for the risk assessment. The problem formulation identifies and interprets
existing information to focus on consequential concerns. It also outlines the analysis plan
for the risk assessment and specifies what studies are needed to address issues of
consequence and the ecological entities of concern that should be the focus of assessment.
Problem formulation additionally identifies the relevant starting point (tier) and the
appropriate endpoints of concern for the ERA.

Precursor information on the GE crop is evaluated in the problem formulation stage of
the ERA to establish key product attributes. First, it is necessary to establish protein
equivalency for the crop-expressed and experimental test substance; since, bacterially-
produced protein is commonly used in toxicity testing. Product characterization needs to
show that the plant-produced and bacterially-produced proteins are biologically,
biochemically, and immunologically equivalent.

Additionally, the precursor information — or the subsequent ERA analytical plan — must
provide relevant information on expression and hazard. Levels of stressor expression of
the stressor allow prediction of exposure concentrations and need to be measured or
conservatively estimated with consideration of variation within the plant, over relevant
stages of growth, and across environments. Hazard potential must be established. This is
generally done through Tier 1 (maximum hazard dose) laboratory ecotoxicity testing
using a series of representative species in order to confirm the anticipated spectrum of
activity and hazard to non-target organisms. Selection of appropriate surrogate species for
testing should consider activity profile, host crop, and environment where deployed.
Exposure estimates are developed on the basis of expression data to determine High End
Exposure Estimates (HEEE) in plant tissues, and Estimated Environmental
Concentrations (EEC) in soil and water.

The exposure estimates are coinpared against hazard testing results to predict risk as a
joint function of hazard and exposure. For GE crops this is typically done by considering
the relationship of the limit dose used in ecotoxicity studies to the appropriate HEEE or
EEC. The risk characterization should demonstrate the ability of the testing scheme that
has been employed to characterize hazard at or above environmentally relevant exposure
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concentrations. The subsequent risk conclusions should confirm the adequacy of risk
characterization through correspondence of the product specific findings with general
understanding for the donor, host, and product class being considered. In addition there
should be internal consistency in study results and risk findings that indicates directional
correctness of overall product and risk characterization. For GE crops that have been
evaluated to date within the general framework of ERA, field studies, monitoring, and
history of safe deployment have confirmed that the conservatism of the conclusion
arising from the ERA process is in keeping with the degree of uncertainty considered
within regulatory decisions.
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Biotechnology Regulatory History
in the US —

25+ years experience with environmental
evaluations

10+ years experience with commercial deployment

of GE crops

Biotechnology Regulatory Milestones in
the US (with respect to ERA)

1978

1983

1986

1987
1988

1992

1993
1995
2002
2004

NIH implements Guidellnes for Research with Genetically Engineered Organisms
Fleld tests of the genetically engineered ™ke-minus” strains of Pseudomonas syringae and Erwinia herblcola ;

Office of Sdence and Technology Policy (CSTP) publishes the ™Coordinated Framework for Regulation of
Biotechnology”

USDA publishes a rule for permitting field tests " Introduction of Genetically Engineered Organisms”

First field test of a potential commerdal preduct - Calgene plants Tabaaco Mosalc Virus-resistant tomatoes
USDA Blotechnolegy, Biokgles and Environmental Protection (BBEP) estabiished to regulate blotechnology and
cther environmental programs

USDA APHIS deregulates a produd; for the first tme, Calgene’s FLAVR SAYR tomato

USDA publishes afiermative requirements for field besting—Notification Procedures for the Introduction of
Certain Regulated Articles and rules to allow determinations that certain plants are no jonger Regulated
Artides— Petition for Nonregulated Statis

EPA registers first pest protected plant—Monsanto’s New Leaf potato

USDA creates Biotechnolegy Regulatory Services (BRS) to focus on reguiating and fadillitating hictechnology.

USDA Initiates an Envirenmental Impact Statement (EIS) In preparation for revised GEQ regulaticn
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i Coordinated Framework

A shared mandate for considerations of safety
USDA - plant pests

EPA — pesticidal traits

FDA - food safety

NEPA — National Environmental Protection Act
mandates environmental impact
considerations for all regulatory decisions

i Deployment of GE Crops in the US Market

Proportion of crop planted to GE varieties
= 45% Corn

= 85% Soybean

= /6% Cotton

Representing ..

» Herbicide Resistance traits

» Insect Resistance traits

» Stacks and Pyramids

(2004) http://pewagbiotech.org/resources/factsheets/
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Number of Approved Releases
by Phenotype Category, 2006

Number of Deregulated Articles
{Total) by Phenotype Category

2008 (% of Total)

HT [20)

IR (14)

FR[5]

MG 8) BR(1)
NR (1)

oD [ 7) | 8P (15)

Phenotype Of Approved
Petitions For Deregulation

IR-24
(25%4]

HT- 32
[3794)

P-4

(&%) ypg ap.g 0C-2

(10%) (7o) [2%)

{Some Petitions have multiple
Phenotype Categories}
—APHIS-BRS, 2006

Legend for Muld cobsred Charts

i Keys to Regulatory Success

Use an ERA framework
Flexibility — the case-by-case paradigm
Focus — use of problem formulation to

prioritize concerns

Emphasis — consequential concerns
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q Principles of ERA

| Framework approach

s @ hypothetical description of a complex

= a logical process for organizing complex
information
o a road map
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i Goals of ERA Framework

(Bartenhouse, 2006)

» develop a unified conceptual approach to
environmental assessment

= facilitate cooperation/collaboration between
assessment-related disciplines

= increase transparency of risk assessments to
users (risk managers)

w provide standardized tools & techniques

w dispel perception that ecological risk
assessment is impossible

* "the process that evaluates the
ikelihood that adverse ecological
effects may occur or are occurring
as a result of exposure to one or
more stressors [or actions]”

» Framework for Ecological Risk Assessment

Risk Assessment Forum, USEPA (1992) EPA/630/R-
92/001
» Guidelines for Ecological Risk Assessment

Risk Assessment Forum, USEPA {1998) EPA/630/R-
95/002F
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The Key to
| Success

Focus on process
not technique

process: a particular course of
action intended to achieve a
result (procedure)

technique: a specific approach to
performing a task
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iERA is a recursive process

Problem formulation €
Conceptual model
Mathematical model
Population of model
Analysis
Description of outcomes
Mitigation options
Implementation
Data generation |
&/or monitoring

flow path for an ERA

.i ERA for GE crops ...

= iS consistent with the framework for RA

= however, complexities exist due to
« relatively recent technology
» biological information is not fully quantifiable

» two perspectives as to concerns
effect of stressor on individuals and populations

. effect of deployment on populations and
communities
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General philosophy toward ERA for
iGE crops

= weight of evidence based on comprehensive
evaluation of data

» proceed from general understanding to specific
entities of concern

» support findings with quantitative data and analyses
to the fullest extent possible

» risk based findings focus on harm that may be
manifested at environmentally relevant exposures

= seek a determination of reasonable certainty of no
harm to the environment

1:‘ GE ERA follows a tiered scheme

lab —— extended lab —— semi field > field > landscape
“direct” “indirect™

Toxicological risk . S s e Ecological harm

action-mediated effects

within a landscape or region
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i for GE crops evaluated to date ...

L aboratory studies ...

Have been adequate to determine that
there is reasonable certainty of no harm
associated with environmental release

Confirmed by case-by-case instances of
« field surveys and census

« field surveillance monitoring

= experience with large scale deployment

Confirming the adequacy of the ERA process:

Risks of Bt Corn to Nontarget Lepidoptera

x

1995
1999
ZIEIDIJ
EDDII
2003

2004

2006

EPA finds negligible consequence for adverse effects to nontarget butterflies in first registration of Bt maize
Subsequent sk management dectsions and communication 1l (o dacument this finding

Coneerns raised over nontarget risk of Bt com pollen to Monarch [Losey et al., Aeture 399: 214]

Conoemns avertide consequences. EPA requests further data and analysis as part of the reassessment of the |
timedimited registrations for Bt crops. Finds negligible consequence for endangered Kamer blue butterfty but |
expresses continuing concerns regarding long-term exposures to Monarch

Publications address concerns [series of 4 publications. 2001. PAAS 98:1913-11936]

ERA finds negligible consequence for monarch (short-term exposure) [Sears et al. 2001, PHAS; 98:11947-
11%42]

Screening level ERA establishes adequacy of EPA's original finding of negligible consequence using screening
level data and assessment [Wolt et al. 2003, Environ Entomno, 32:237-246]

Published ERA finds negligible consequence for Monarch (long-term exposure} [Dively et al, 2006, Erviron
Entornal 33;1116-1125]

Published ERA shows negligible consequence for Kamer blue [Peterson et al. 2006, Rfsk Anaf 26:845-858]
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= corn and nontarget Lepidoptera

‘ Learning from the experience with Bt

= balance concern and consequence

= Many concerns, but thorough problem
formulation and analysis shows most
concerns to have limited consequence

» adhere to ERA framework principles

= transparency in communication of the
results of ERA

Confirming the adequacy of the ERA process:
Nontarget field studies with Bt Corn

Protaln Honltoring focus Referancs

Ins, see also Romels et al, 2006, Nature Blofechrol 24:63-71.
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corn and nontarget monitoring

i Learning from the experience with Bt

= integrity of the tiered process

= risk findings based on laboratory tests
and exposure assessments are confirmed
in the field

= maintain a case-by-case paradigm for
field studies that is driven by the risk
assessment process

= field tests and monitoring should be
hypothesis driven

q Problem formulation

& Common data elements of the
GE crop ERA

28




i Problem formulation

» Sets the stage for the ERA

= Identifies and interprets existing
information to focus on consequential
concerns

= Qutlines the analysis plan for the RA
« What studies are needed to address issues of
consequence & ecological entities of concern
» Identifies the relevant starting point (tier)
and the appropriate endpoints of concern

iEcological Risk Considerations

» Product characterization « Risk characterization

= Host & donor familiarity » Product characterization
» Activity & specificity plus

= Protein equivalency « Hazard

« Composition equivalence « Exposure

» Expression « Risk

» Risk conclusion
e Adequacy of the risk characterization
« Conservatism in balance with uncertainties
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. Host & donor familiarity

» History of safe use and environmental
exposure

= Regulatory experience
= Broad-based scientific understanding

i Activity & specificity

= Confirm or establish nature of activity

= Spectrum of activity against targets
« insecticidal activity spectrum study
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» Bacterially-produced protein are commonly
used in toxicity testing

» Product characterization needs to show that
the plant-produced and bacterially-produced
proteins are biologically, biochemically, and
immunologically equivalent

i Compositional equivalency

» Similarity (other than for the protein of
interest) of the transformed and non-
transformed cultivar must be established by
the precursor data in terms of

» Content of nutrients, antinutrients, toxicants
» Agronomic performance and plant phenotype
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i Expression

= Key to prediction of exposure concentrations
= Should describe distribution

= over time

= among plant parts

» Supplemented with data describing variance
across generations and environments

i Hazard

» Multi species laboratory ecotoxicity testing is
used to confirm the anticipated spectrum of
activity and hazard to non-target organisms

= Selection of appropriate surrogate species for
testing should consider activity profile, host
crop, and environment where deployed
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miExposu re

= On the basis of expression data determine

» High End Exposure Estimates (HEEE) in plant
tissues, and

= Estimated Environmental Concentrations (EEC) in
soil and water

a Use for comparison against hazard testing results
(multi species ecotoxicity tests)

= Exposure estimates are meant to represent the upper
bound (90% percentile) of reasonably anticipated
environmental concentrations

iRisk = f(hazard, exposure)

= Quantitatively describe risk as a function of
exposure and hazard

= For GE crops this is typically done by
considering the relationship of the limit dose
used in ecotoxicity studies to the appropriate
HEEE or EEC
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example of risk characterization for Bt

cotton
Non-target organism Dose® Elfect endpolnt Result
Honeybee 1,98 ug Cry1F + 11.94 ug  mean survival tc emergence  no effect of limit dose
Cry1Ac per mL sugar water LCsq > 4x pollen expression
Collembola 708 ug Cry1F + 22,6 ug adult survitval and reproduction  no effect at 10« field level
CryilAc per g diet
Green lacewing 52ugCrylF+46.8 ug mean survival to pupation effect of dose In 1 of 2 studies
Cry1Ac per g moth eggs LCsq = 14x pollen expresslon
Parasitic wasp 5.2 ug Cry1F + 46,8 ug mortality at 10 d no effect of limit dose
Cry1Ac per mL sugar water LCgq » 13x pollen expresslon
Ladybird beetle 300 ug CrylF + 22,5 ug moality at 15 d no effect of limit dose
Cry1Ac per mL sugar water LCsq > 780X Cry1F pollen
expression and > 8x CrylAc
pollen expresslon
Monarch butterfly dose-response for indivdual  growth reduction after 7 d ECso > 10° the dietary pallen

proteins In artifical diet

exposure for Cry1F and > 10X
the dietary pollen exposure for
CrylAc

confirmation of the adequacy of risk

characterization

correspondence of product specific results

« with general understanding for the donor, host, and product
class being considered

= internal consistency/directional correctness
= of overall product and risk characterization
= ability to characterize hazard at or above
environmentally refevant exposure concentrations
= confirmatory data (if available) from field studies

= conservatism of the risk conclusion is in keeping with
the degree of uncertainty
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Conclusions

US regulatory experience with GEOs

« positive record of successful evaluations and subsequent
safe use of the commercial products

» argues for further focus and streamlining of the process
The ERA framework

= enables a focused, objective science-based process
ERA framework as applied to GEOs

» has been sufficiently flexible to deal with concerns

surrounding biotechnology

Problem formulation & common data elements for
the ERA

= Constrain and focus the risk assessment to consequential
concerns (real risks”)
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European Approach to
Environmental Risk
Assessment of genetically
modified plants

Dr. Jeremy Sweet
Vice-chair EFSA GMO Panel

36



ENVIRONMENTAL RISK ASSESSMENT OF GM PLANTS IN THE
EU

Jeremy Sweet, Environmental Consultant, Cambridge, UK

jeremysweet303@aol.com

Introduction to Environmental Risk Assessment of GMPs

A conceptual framework is critical in risk assessment and risk management. It can
provide a common language for regulators, registrants and scientists. It can also provide a
predictable pathway for requesting, acquiring, organizing and evaluating data. Such a
framework consists of four steps: (1) evaluation of need, (2) problem formulation, (3)
information gathering, and (4) overall assessment. The initial evaluation of need determines
whether a risk assessment is required for a specific case. Clearly defining the need as it
meets the expectations of the final audience will help in the design of the risk assessment
and determine how the information is to be communicated. Common reasons for
conducting an Environmental Risk Assessment (ERA) include regulatory requirements,
scientific inquiry, and response to public perception of risk. The main focus of this talk is
risk assessment that is triggered by the regulatory requirements of the EU. Once the need
for the ERA has been clearly defined, the risk assessment moves forward to the problem
formulation phase.

Problem formulation

The ERA is initiated through the process of problem formulation (USEPA 1998;
EFSA 2004). Problem formulation is used to define the scope of the risk assessinent
through generation of relevant risk hypotheses. For the ERA to go forward, a body of
precursor information must determine that, other than for the expression of the trait of
interest, the fransgenic plant is equivalent to non-transformed comparators (see for example
EuropaBio 2003). Once equivalence has been established on the basis of the transgenic
plant characterization, the ERA can proceed with emphasis on expressed trait effects
( stressor effects). The problem formulation considers the specifics of the trait mode of
action, the spectrum of activity and susceptibility, mode of expression, and relevant
exposure profiles. Additionally, it must also take into account ecological considerations
that might affect the nature and extent of possible environmental impacts. One of the most
significant factors in this regard is the intended scale of cultivation since ecological
consequences of non-target impacts are likely to be positively correlated with scale. On this
basis, the problem formulation then identifies assessment endpoints reflecting management
goals and the scale and nature of the receiving ecosystem that is being considered. It should
culminate in a conceptual model and analysis plan that is consistent with the risk
hypotheses and establishes the relationship of the expressed trait to ecological impacts of
concern. It also outlines an exposure analysis that accounts for the intended use and nature
of the deployment of the transgenic plant.

Regardless of where in the world the ERA is conducted, the problem formulation
approach should be very similar, using similar information that is modified by local
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cropping system information. The process underlies the locally relevant testing schemes,
which should also reflect the basic design principles outlined below. The overall process
may reflect additional national and regional regulatory needs and it must be within the
specific capacities and capabilities of the agency conducting the ERA.

The framework and progressing through it

With pesticidal GM plants a tiered risk assessment is recognized as being the most
rigorous approach to assess non-target effects both from a scientific as well as from a
regulatory standpoint. Both hazard and exposure can be evaluated within different
methodological levels or “tiers” that progress from worst case hazard and exposure to more
realistic scenarios. Lower fier tests serve to identify potential hazards, and tests are
conducted m the laboratory to provide good replication and study control and maximum
power to test hypotheses. Where potential hazards are detected in these early tier tests,
additional information is required. In these cases, higher tier tests can serve to confirm
whether an effect might still be found at more realistic rates and routes of exposure. Higher
tier studies including semi-field or field-based tests offer greater environmental realism, but
they may have low statistical power. These tests are only triggered when early tier studies
in the laboratory indicate potential hazards at environmentaily relevant Jevels of exposure.
In exceptional cases, higher tier studies may be conducted at the initial stage when early
tier tests are not possible, for example because purified toxin is not available. Higher levels
of replication or repetition may be needed to enhance statistical power in these
circumstances.

In cases where a potential hazard is detected in a lower tier test, regulators have the
flexibility to undertake further lower tier tests in the laboratory to increase the taxonomic
breadth or local relevance of test species, thus avoiding the costs and uncertainties of high
tier testing. They may also progress to higher fier testing, particularly in cases where there
is no previous experience with the crop or toxin under investigation. The various tiered
approaches that have been described for non-target risk assessment (e.g. Dutton et al. 2003;
EuropaBio, 2004 and submitted manuscript; Rose 2006) differ in the specific definitions of
individual tiers, but they all follow the same underlying principles.

Movement between tiers during information gathering is based on the sufficiency of
information that is available. If sufficient data and experience from toxicological testing
and exposure analyses are available to characterize the potential risk as being acceptable,
then there is no need to do additional testing. The process is designed to optimize the use of
resources and to identify and define sources of potential risk. Where no hazard is evident,
effective tiered processes prevent costly and unnecessary testing from taking place.

The following paragraphs 8-11 summarise the similarly numbered paragraphs of the

Environmental Risk Assessment (ERA) in the EFSA Guidance Document on the Risk
Assessment of GMPs.
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8. Mechanism of interaction between the GM plant and target organisms (if
applicable)

The assessment should describe the expression and mode of action of any new traits
(for example insect tolerance, herbicide resistance) present in the modified plant. The likely
effects on the target organism and its population dynamics should be described. If more
than one novel trait is present then interactions between the traits and their effects on target
organisms should also be described. The potential environmental implications of, for
example, the development of resistance/tolerance by the target organisms are included in
Section 9.4 below.

9. Potential changes in the interactions of the GM plant with the biotic environment
resulting from the genetic modification

It is important to determine whether the GM plant or hybrids formed with related
plant species have changes in their environmental fitness. The assessments of potential
changes in the interactions between the GM plant and the biotic environment (e.g. non-
target organisms) are carried out on a case-by-case basis taking into account the biology of
the transformed plant and, where gene transfer might occur, of any other recipient
organisms, the characteristics and expression of the introduced genetic material, the
properties and consequences of the genetic modification, the scale of release and gene
transfer and the assessment of any risk to the receiving environment that might arise from
the release of the GM plant.

Genes inserted in a GM plant should be evaluated for their potential impact on the
environment. Where the GM plant contains more than one transgene assessment should
include consideration of the impact of interactions between transgenes. The assessment
should also consider the consequences of low frequencies of gene transfer to related and
unrelated organisms, and take into account any potential for enhanced gene transfer
reported.

Possible interactions between the GM plant and its biotic environment include:

(a) effects on the population dynamics and genetic diversity of populations of species in
the receiving environment (plant, animal, microbe);

{b) altered susceptibility to pests and pathogens facilitating the dissemination of infectious
diseases and/or creating new reservoirs or vectors;

(c) compromising prophylactic or therapeutic medical, veterinary, or plant protection
treatments;

(d) effects on beneficial plant-microbial associations and biogeochemistry (biogeochemical

cycles), particularly on microbial-mediated carbon and nitrogen recycling through
changes in soil decomposition of organic material.
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Data should be provided from field experiments in areas representative of those
geographical regions where the GM plant will be grown commercially in order to reflect
relevant meteorological, soil and agronomic conditions. Where data from field studies on
other continents are supplied, the applicant should submit a reasoned argument that the data
is applicable to European conditions.

Risk assessments should be carried out for each of the different environmental
compartments that are exposed to the GM plant. Whether or not any parts of it will remain
in the environment after harvest will depend on the specific plant, its management regime
and agronomic practices. Where changes to environments are predicted, the nature and the
extent of the changes should be described and related to those caused by equivalent non-
GM plants. Where the changes differ from those of non-GM plants then an assessment of
the relative harm to the receiving environment should be made.

If appropriate, an assessment of the potential impact of growing GM crops on wider
biodiversity in the crop ecosystem would require the combination of several different
approaches (ACRE, 2001b). However, since crop ecosystems are highly disturbed and
dynamic areas, predicted changes in biodiversity may not necessarily be associated with
environmental harm as defined in Directive 2004/35/CE (EC, 2004c). Comparisons should
be made with existing crops systems and assessments of impact related to impacts of
current non-GM crops.

9.1 Persistence and invasiveness

If a GM plant or hybrids formed with related plant species become more persistent
or invasive then they are more likely to have an environmental impact. An assessment is
required of the likelihood of the GM plant becoming more persistent than the recipient or
parental plants in agricultural habitats or more invasive in natural habitats. The likely
consequences of this increased persistence should be assessed.

Hybrids formed with related plant species are referred to Section 9.5.

The assessment should consider GM plant specific traits which may have an impact on
increased persistence and spread both in natural and cultivated areas.

9.2  Selective advantage or disadvantage

An assessment is required of any selective advantage or disadvantage conferred to
the GM plant. If appropriate, comparisons should be made with the non-GM
parent/relative grown in similar circumstances and with similar phenotypes that are
available from conventional breeding.

Hybrids formed with related plant species are referred to Section 9.5.

The assessment should, if appropriate, refer to data collected from representative field trials
they are relevant to environmental interactions concerning GM plant fitness. If no specific
field data are provided, the applicant must discuss any consequences of selective advantage
or disadvantage of the new trait(s) both in natural and cultivated areas.
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9.3  Potential for gene transfer

An assessment is required of the potential for gene transfer to the same or other
sexually compatible plant species under conditions of planting the GM plant and any
selective advantage or disadvantage conferred to those plant species. Consideration should
also be given to the fact that the gene flow characteristics of related species may differ
from those of the transformed plant so that the potential for gene transfer might change.

The potential consequence arising from out-crossing to other plant cultivars should be
considered and assessed for environmental risk. This will vary with species and traits. For
example, the release of GM oilseed rape raises the issue of gene transfer, since this crop
will readily cross-pollinate with nearby oilseed rape crops and may spontaneously
hybridise also with some wild relatives. In cases where gene transfer cannot be limited
between certain adjacent plants, the risk assessment should focus on the consequences of
cross-pollination. The potential consequernce arising from out-crossing to compatible wild
species should be considered and assessed for environmental risk (Saeglitz and Bartsch,
2002). This will depend on non-GM sexually compatible plants being present in regions
where the GM crops are being grown and which are available to receive pollen and produce
fertile hybrids. The selective advantage of any transferred trait should be evaluated in
different habitats where the selection pressures are likely to be different. For example,
drought may be the main cause for the limited geographic distribution of a given plant
species but where drought stress can be alleviated using a GM approach the ecological
behaviour of the corresponding wild population may change after transgene introgression.

9.4  Interactions between the GM plant and target organisms

An assessment is required of the potential immediate and/or delayed environmental
impact resulting from direct and indirect interactions between the GM plant and target
organisms, such as predators, parasitoids and pathogens (if applicable). An example of this
is provided by the EU Working Group on Bt who have developed risk assessments and
protocols for evaluating the development of resistance in target insects to Bt toxins (SCP,
1999).

Data on the comparative susceptibility of the GM plant to pests and diseases compared
with that of the non-modified plants are useful indicators of effects, together with
observations on agronomic performance during greenhouse and experimental field trials.

9.5  Interactions of the GM plant with non-target organisms

An assessment is required of the possible immediate and/or delayed environmental
impact resulting from direct and indirect interactions of the GM plant with non-target
organisms (also taking into account organisms which interact with target organisms),
including impact on population levels of competitors, herbivores, symbionts (where
applicable), predators, parasites and pathogens. An example of direct interaction
approaches is provided by the Working Group on Bt (SCP, 1999).
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Assessors should use a tiered approach to this risk assessment, first identifying potential
hazards in controlled tests and then evaluating exposure in the field in order to estimate
potential risks. If first tier tests do not identify sensitivity in exposed species then second
and third tier test may not be required.

Impact should be assessed on non-target species in the crop ecosystem (which may include
pollinators, beneficial, predatory and phytophagous species), and, if appropriate, the
aquatic environment. Studies should be designed in order that sufficient statistical power is
obtained to detect possible effects on non-target organisms. Adequate statistical power can
be achieved from the proper control of variation and replication, since power depends on
sample size, the degree of random variation between experimental units and the chosen
significance of the tests. An appropriate approach might be to select a desired level of
statistical power and the size of effect to be detected, collect preliminary data to estimate
within-treatment variability and then to calculate the required sample size for the proposed
study. The duration of experiments to assess the risks to non-target organisms should be
sufficient to reflect the pattern and duration of exposure that these organisms are likely to
experience under field conditions (Perry et al., 2003; Marvier, 2002). However, it is
important that food chain effects due to reductions in target prey species, (e.g. declines in
parasitoids populations) are differentiated from, for example, population declines due to the
effects of GM toxin accumulation in food chains.

9.6  Effects on human health

An assessment is required of the possible immediate and/or delayed effects on
human health resulting from potential direct and indirect interactions of the GM plant and
persons working with, coming into contact with, or in the vicinity of the GM plant
release(s). This assessment is particularly required for GM crops which are not destined
for human or animal consumption and where impacts on human health may not have been
so meticulously studied.

9.7  Effects on animal health

An assessment is required of the possible immediate and/or delayed effects on
animal health and consequences for the feed/food chain resulting from exposure to or
consumption of the GM plant and any products derived from it, if it is intended to be used
as animal feed.

9.8  Effects on biogeochemical processes

An assessment is required of the possible immediate and/or delayed effects on
biogeochemical processes resulting from potential direct and indirect interactions of the
GM plant and target and non-target organisms in the vicinity of the GM plant release(s).

The applicant should address, where appropriate, the potential impact on biogeochemical
processes as these influence ecosystem function, e.g. in relation to soil microbial
communities. Examples are COs-evolution, organic matter turnover, nitrogen fixation
(Nannipieri et al., 2003). Soil fertility strongly influences the growth and productivity of
plants. As plant-associated (rhizosphere) and soil microbial communities perform the vital
biotransformation that underpins soil fertility any negative impact(s) on microbial
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participants in this key compartment would have to be carefully evaluated. This should be
assessed on a case-by-case basis with particular reference to the nature of the introduced
trait and the consequences of the genetic modification/alteration in the GM plant.

The risk assessment should aim to establish if direct or indirect effect(s) of the genetic
modification in the GM plant have any long-term or sustainable deleterious effect on the
recognised soil microbial communities and the associated functional activities that are
responsible for maintaining soil fertility and plant productivity. The assessment should also
address the fate of any (newly) expressed gene products and derivatives in those
environmental compartments where they are introduced and which result in exposure of
non-target organisms (e.g. in soil after the incorporation of plant material). Exposure
should also be estimated to relevant soil biota (e.g. earthworms, micro-organisms, organic
matter breakdown) in relation to the impact on decomposition processes. Risk assessment
should also include an analysis to determine if a shift occurs in populations of deleterious
organisms in the presence of the modified plant.

9.9  Impacits of the specific cultivation, management and harvesting technigques

An assessment is required of the possible immediate and/or delayed, direct and
indirect environmental impacts of the specific cultivation, management and harvesting
techniques used for the GM plant where these are different from those used for non-GM
plants.

The ERA should describe the appropriate commercial management regimes for the GM
crop including changes in applications of plant protection products (pesticides and/or
biocontrol agents), rotations and other plant management measures for the GM plant where
these are different from the equivalent non-GM plant under representative conditions. The
applicant should aim to assess the direct and indirect, immediate and delayed effects, of the
management of the GM plant. This should include the biodiversity within the GM crop and
adjacent non-crop habitats likely to be affected by the GM crop and its cultivation.

The extent of such studies will depend on the level of effect associated with a particular
GM plant and on the quality and availability of the literature that is relevant to the
particular risk assessment. For example, the published results of the UK’s Farm Scale
Assessments of genetically modified herbicide-tolerant crops (Squire ef al., 2003) may give
information relevant to other herbicide-tolerant crops. However, it will be necessary to
compare the relative efficacy of different herbicides and their management programmes on
weed species in order to assess the impact of herbicide regimes on biodiversity.

The management and utilisation of a GM crop may vary from region to region and farm to
farm. It may be difficult to predict the range of farming practices that will be deployed with
the GM crop. The risk assessment should assess the consequences of this unpredictability
of farm management and relate this to monitoring (see Section 11.).

10. Potential interactions with the abiotic environment

The assessments on potential changes in the interactions of the GM plant with the
abiotic environment should be carried out on a case-by-case basis taking into account the
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biology of the recipient plant, the characteristics of the introduced genetic material, the
properties and consequences of the genetic modification, the scale of release and the
assessment of any risk to the receiving abiotic environment that might arise from the
release of the GM plant.

Examples of possible interactions between the GM plant and its abiotic environment are:
(a) alteration of climatic conditions {e.g. altered production of greenhouse gases),
(b) altered sensitivity to, or tolerance of, climatic conditions (e.g. cold, heat, humidity),

(c) altered sensitivity to, or tolerance of, abiotic fractions of soil {e.g. salinity, mineral
nutrients, mineral toxins),

(d) altered sensitivity to, or tolerance of, gases (e.g. CO», oxygen, NHa),
(e) alteration of mineralisation (e.g. root exudates changing the soil pH).

Changes in the abiotic environment caused by any GMO may have impacts on the biotic
environment so these consequences should be evaluated.

11.  Environmental Monitoring Plan

An environmental monitoring plan is required for applications where the natural or
cultivated environment will be exposed to GM plant propagules or GM plant products.
Applications concerning only food/feed or ingredients (for example, imported into but not
cultivated within the EU) will thus not normally be required to describe a detailed
environmental monitoring plan if the applicant has clearly shown that environmental
exposure is absent or will be at levels or in a form that does not present a risk to other
living organisms or the abiotic environment.

Monitoring can be defined as the systematic measurement of variables and processes over
time and assumes that there are specific reasons to collect such data, for example, to ensure
that certain standards or conditions are being met or to examine potential changes with
respect to certain baselines. Against this background, it is essential to identify the type of
effects or variables to be monitored, an appropriate time-period for measurements and,
importantly, the tools and systems to measure them. Monitoring results, however, may lead
to adjustments of certain parts of the original monitoring plan, or may be important in the
development of further research. The Council Decision 2002/811/EC (EC, 2002b) provides
no clear differentiation between the monitoring principles of either case-specific
monitoring or general surveillance (Den Nijs and Bartsch, 2004). This Guidance document
provides further assistance in the following sections.

11.2  Interplay between environmental risk assessment and monitoring

Monitoring of effects: Foreseen and unforeseen
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The environmental monitoring of the GM plant will have two focuses: (1) the possible
effects of the GM plant, identified in the formal risk assessment procedure, and (2)
unforeseen effects. Where there is scientific evidence of a potential adverse effect linked to
the genetic modification, then case-specific monitoring should be carried out after placing
on the market, in order to confirm the assumptions of the environmental risk assessment.
Consequently, case-specific monitoring is not obligatory and is only required to verify the
risk assessment, whereas a general surveillance plan must be part of the application.
Applicants who are proposing to have no case-specific monitoring are encouraged to
provide arguments in support of this position. These arguments should relate to the
assumptions applicants have made in the environmental risk assessment, as well as to the
lack of any identified adverse effects in tier 1, 2, or 3 tests.

Monitoring framework

Council Decision (2002/811/EC) (EC, 2002b) explicitly suggests that general surveillance
should include long term monitoring, to allow for unexpected effects that may occur after
longer periods of environmental exposure.

Changes in the management and cultivation techniques of new GM crops may affect the
environment e.g. through changes in agrochemical usage. Directive 2001/18/EC requires
that the impacts of any such indirect effects, e.g. changes of cultivation methods, should be
addressed by the monitoring plan based on the outcome of the environmental risk
assessment.

The environmental monitoring plan should describe in detail the monitoring strategy,
methodology, analysis, reporting and review as laid down in Council Decision
2002/811/EC. In this respect,

(a) background and baseline environmental data eg soil parameters, climatic
conditions, general crop management data e.g. fertilisers, crop protection, crop rotations
and previous crop history should be collected to permit the assessment of the relevant
parameters listed under b):

(b) GM plant-based parameters will depend on the particular GM plant, trait and
environment combination. Key parameters to be observed may include
species/ecosystem biodiversity, soil functionality, sustainable agriculture, or plant
health. Indicators should be measurable, appropriate, adequate in terms of statistical
power, and comparable with existing baseline data.

Monitoring goal

The ultimate goal of the environmental monitoring plan should be to determine whether the
data collected during case-specific monitoring and general surveillance identify specific
unintended or unforeseen effects due to commercialisation of the GM plant, in both
managed and natural environments, compared with current farming practices or other
alternatives, which may result in environmental harm/damage.
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11.3  Case-specific GM plant monitoring

The main objective of case-specific monitoring is to determine the significance of
any adverse effects identified in the risk assessment. The assessment of risk should be
based on Annex II of the Directive (2001/18/EC).

Case-specific monitoring should be targeted at those environmental factors most likely to
be adversely affected by the GM plant which were identified in the environmental risk
assessment. The specific and intensive, scientific measurement and data collection should
have an experimental approach based on defined experimental approaches to test a specific
hypothesis of expected adverse effects derived from the environmental risk assessment.
The monitoring programme design should also reflect levels of exposure in different
geographical regions and other specific management influences. Such monitoring may be
carried out at a limited number of sites (‘local monitoring’), where exposure is greatest and
intensive recording and data collection can take place. This would be particularly
appropriate when it is envisaged that there will be a phased or gradual introduction of the
GM crop into a [imited number of regions in various EU Member States. The scale of the
monitoring should be increased as the area and range of the GM crop expands, and the crop
is grown in more regions. The monitoring should consist of the systematic recording of
relevant parameters at representative locations where there is significant and repeated
growing of the GM crop. This might also be defined according to the extent of the
cultivation of the GM crop, the occurrence of targeted pest species or particular
climatic/eco-regions. Comparisons should be made with equivalent non-GM crops
growing in the same or similar localities. However, the lack of availability of non-
transgenic, isogenic varieties and the lack of statistical power due to the small number of
comparable locations may reduce the sensitivity of these experiments. The methods
selected, the duration of the monitoring and the extent or number of areas, will be
determined by the specific case and the parameters to be monitored. Whilst the planning
and execution of case specific monitoring is under the applicant's responsibility, it may be
appropriate for the applicant to involve public institutions in carrying out some or all of the
agreed work.

11.4  General surveillance of the impact of the GM plant

General surveillance should be adequate for monitoring any GM crop grown in any
environment since it is not based on the risk assessment, but from a desire to observe
unanticipated effects in the environments in which it is grown. Thus there should be no
principle differences between general surveillance of similar crops grown in rotations with
each other e.g. arable crops such as maize (corn), wheat, or oilseed rape.

The objective of general surveillance is to identify unforeseen adverse effects of the GM
plant or its use, on human health and the environment, which were not predicted in the risk
assessment. General surveillance should not be experimental, should be largely based on
routine observations and should be conducted over a wider range of sites and environments
with a range of parameters observed at a low intensity (ACRE, 2004). If unusual
observations are reported, more focussed in-depth studies can be carried out in improved
case-specific monitoring plans. Existing surveillance systems should be used where
practical e.g. routine farm recording systems, and any ”abnormal” effects not usually
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occurring in similar situations with conventional cropping should be recorded. However,
direct comparison with non-GM crop reference areas is not always necessary. Reference
can be made to the historical knowledge and experiences of the “observer” (e.g. farmers,
inspectors, botanical surveyors) in relation to the situation prior to the introduction of the
GM plant.

The new EU Directive EU 2004b, on environmental liability and damage defines in
particular conservation goals in relation to (1) protected species and natural habitas, (2)
water, and (3) land. It has been suggested that general surveillance should focus on these
conservation goals (Sanvido et al. 2004). In addition the GMO Panel considers that
sustainable agriculture is an additional subject for environmental protection, and where
damage should be avoided.

These four fields would be a pragmatic starting point for focusing the general surveillance.
A number of intensively managed agro-ecosystems are neither ‘natural habitats’ nor do
they harbour ‘protected’ species as defined in the Directive. However they merit
environmental protection to conserve biota present and to sustain agriculture in these
regions. These remaining agro-ecosystems in the EU with protected species and natural
habitats are already part of national environmental monitoring programs so that baseline
data and surveillance systems are already established in EU member states, and could be
exploited. However the regulatory framework lays the responsibility for data reporting
within GMO General Surveillance to the applicant so that the applicant will need to access
and co-ordinate these other sources of information

General surveillance should complement this general environmental monitoring conducted
by Member States. The higher the ecological integration and scale (from the individual to a
population, from single farms to regions) the more difficult it is to distinguish potential
effects of the GM plants from other factors. Initially, general surveillance should focus on
each transgenic plant and type individually. Ultimately, when several GM plants have been
commercialised, the interactions between these GM plants and their management regimes
should be examined where appropriate.

The examination of ecological interactions between different GMO at a regional or national
level may be considered primarily to be a governmental task and additional to the
monitoring requirements for a single applicant following placing on the market. In the
Directive 2001/18/EC, the possibility of additional surveillance by government authorities
is described in Item 44 of the Conciliation Committee. The applicant should be aware of all
relevant surveys and monitoring in areas where the GM plants will be grown and should
refer to the results of this monitoring in reports to the Competent Authority and the
Commission, since the approach as stated in paragraph 1.3 of Council Decision
2002/811/EC (EC, 2002b) foresees inonitoring in many cases as a iterative process.

Existing surveillance systems

In conjunction with the exploitation plan for the GM plant, the applicant should define the
infrastructures that will be established and exploited in order to conduct general
surveillance of regions where the GM plant is grown. The applicant should describe how he
will evaluate and select existing surveillance systems which are already monitoring one or
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more of the relevant parameters/elements. He/she should describe how arrangements for
collecting, collating and analysing data will be made.

The applicant should also identify which additional surveys will be asked to contribute to
the general surveillance (for example, public institutions, farmer associations) in selected
Member States. Although detailed arrangements may not have been agreed at the time of
the application, the applicant should describe how formal agreements and procedures will
be established with the Commission and Member States before commercial market
introduction. For example, when the GM cultivar is registered in the EU variety catalogue.

New surveillance systems: Involving Farmers/Growers of GM crops and suppliers of GM
crop seeds

Applicants can obtain useful information directly from growers and seed suppliers of GM
crops and should involve them in supplying data on seed sales, areas sown, crop
management etc ( Schmidt et al 2004, Wilhelm et al 2004). Applicants should also be pro-
active in developing reporting systems so that farmers ( or their agents and advisors)
intending to purchase genetically modified seeds will be involved in reporting adverse
occurrences during and after the cultivation of the GM crop. The applicant should describe
the number of farmers/growers involved, the reporting methods and the suitability of the
data collected for statistical analysis. Applicants may periodically use farmer
questionnaires with a list of environmental parameters. These questionnaires will also
allow the applicant to check if farmers comply with the recommendations made (e.g.
obligations related to an insect resistance management plan or recommendations related to
stewardship plans).

11.5 Reporting the results of monitoring

Following the placing on the market of a GMO, the applicant under Article 20(1) of
the Directive 2001/18/EC, has a legal obligation to ensure that monitoring and reporting are
carried out according to the conditions specified in the consent. The applicant is
responsible for submitting the monitoring reports to the Commission, the competent
authorities of the Member States, and where appropriate to EFSA. Information should also
be made publicly available in line with the requirements of Article 20(4) of the Directive.
Applicants should describe the methods, frequency and timing of reporting in their
monitoring plan.

Although no time frame for reporting is specified in Council Decision 2002/811/EC (EC,
2002b), reports should be submitted

¢ annually confirming that monitoring has been carried out according to the given
consent together with a summary of major preliminary resuits that are important for a
short-term feed-back on the environmental risk assessment (‘annual reports’), and

e periodically (e.g. every third year) covering longer periods in which observations and
data collected are analysed in detail and which therefore provide more comprehensive
reports that are important for a longer term feed-back on the environmental risk
assessment (‘comprehensive report’).
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The comprehensive monitoring report should include in more detail the results of any
relevant monitoring by third parties, including the farmers/growers, seed companies,
independent surveyors, local, regional and national environmental surveyors. In addition,
the applicant should evaluate these results and incorporate full analysis and conclusions in
the submitted monitoring report. If appropriate, the applicant should provide access to raw
data for stimulating scientific exchange and co-operation.

Flow of information on the cultivation of GM plants:

Where GM plants are grown the following procedures should be complied with:

(a) All GM seeds must be labelled with the variety, and should also contain information on
the construct, the supplier’s name and address, full instructions on any specific
cultivation requirements, and reporting procedures for any incidents, including the
address of the Consent Holder for the marketing of the seeds.

(b) The farmer/grower is required to declare the variety, sowing date, amount of cultivated
crops and exact geographic location to the national cultivation register according to
Directive 2001/18/EC - Art 31 (3b).

(c) The farmer should record all relevant cropping and management data for that GM crop
and these data should be available for inspection.

Flow of information in instances where GM plants are thought to have caused unusual or

adverse effects:

If effects have been detected in areas where GM plants are grown or where there is a
suspicion that the GM plants may be associated with an incident, the following procedures
should be complied with:

(a) Farmers should follow the procedure agreed at the time of purchase of the GM seeds
and provide information to the seed supplier/consent holder of any unusual
observations without delay.

(b) The applicant should notify any relevant information immediately to the Member State
Competent Authority and to both the Commission and EFSA.

{(c) If unusual effects are detected by external organisations (e.g. public institutions), these
must be immediately communicated to the Seed supplier/Consent Holder, to the
Member State Competent Authority, to the Commission and to EFSA.

(d) The Seed supplier/Consent Holder must carry out a preliminary examination of the
report m order to verify whether a GM plant-related effect has really occurred and
within a defined period (e.g. one month or dependent on the event) and should provide
the Competent Authority with a report on the result of its preliminary investigations,
including an assessment of potential harm.
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(e) Either directly upon receipt of the information or at the latest upon receipt of the
Consent Holder’s report, the Competent Authority should decide whether further
authority action is required. If further action is required the Competent Authority
should inform the Commission of the reported observation and, together with the
applicant and professionally competent institutions or experts, should investigate the
causes and consequences of the reported incident. The Competent Authority should
submit a full report to the Commission and EFSA to include the extent of any
environmental damage, remedial measures taken, liability and recommendations for the
future use/management of the GM plant.
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European Approach to Environmental
Risk Assessment of genetically modified
plants

Dr. Jeremy Sweet
Vice-chair EFSA GMO Panel
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EFSA
%+ EFSA Guidance document: Scope

Genetically modified higher plants (GMPs) (Dir 2001/18/EC) for
food andlor feed use ~ Cultivation, import and processing

AR T -

Food and/or feed containing or consisting of GMPs (Reg 1828/2003)

Food produced from or containing ingredients produced from GMPs
(Reg 1823/2003)

=1

Feed produced from GMPs (Reg 1828/2003)
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Objectives

= To provide a general concept of risk assessment of
GMOs

+ Requirementis for food/feed safety assessment
« Requirements for environmental risk assessment
« Cutline an Environmental Monitoring Plan

* Update of the 2003 EU Guidance Document prepared by
the Joint Warking Group on Novel Foods and GMOs

= Guidance document is not a protocol for carrying out
specific analytical, toxicological and nutritional testing or
feed trials

I — = ——
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Guidance Document : Risk assessment of
genetically modified plants and derived food and
feed

= Publication of draft document on EFSA website on
7 April 2004

= Public Consultation

= Stakeholder meeting

= Final adoption — September 2004

= Publication 30 November 2004

= General Surveillance Monitoring added in 2005.
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Comprehensive Approach
» Case-by- case assessment

= The available evidence determines the extent of
specific testing (tiered approach, feeding trials...)

= All the available information should be taken into
account

Sfrogoiyg) Food ey Seioricy
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Safety Assessment Strategy for GM Crops:
Two-step Procedure

1. Identification of differences between the GM
and non-GM crop: intended and unintended
changes

2. Assessment of the safety and the environmental
impact of identified differences

» Concept of Familiarity

» Concept of Substantial Equivalence or
Comparative Safety Assessment

Duroonay) Food Seafory Avtioricd
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Identification of Unintended Effects

Molecular, agronomic, morphological,
compositional analysis
» Single parameter analysis (targeted approach)

+ Profiling analysis (non-targeted approach)
potentially powerful, but need further development

Environmental risk assessment
Post-market food/feed monitoring
Environmental monitoring

4-"_"_'7 R ——
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Key Elements in the Assessment of GMOs

= Characterization of donor and host organism

» Molecular characterization of the genetic
modification event

= Analysis of agronomical and compositional
properties

= Specific toxicity/allergenicity/ nutritional testing
= Environmental risk assessment

= Post-market Case Specific monitoring (based on
ERA)

= GENERAL SURVEILLANCE

Eurgodsyy Bood Sipfaky Auiiopibs
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"+ Molecular Characterisation

- Good indicator but Should not be considered a
stand alone risk assessment

- Case by Case

- Quality in presentation and approaches expected

- Not prescriptive in terms of methodologies

« ACRE: “Guidance on best practice for presentation of
molecular data”
hitp:/fwww.defra.gov.uk/environment/acre/molecdatafindex.htm
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INFORMATION RELATING TO THE GM PLANT

+ Trait(s), characteristics introduced/ modified

* Information on the sequences actually inserted or
deleted

« Does inserted sequence differ from original plasmid?

* DNA sequence changes modifying amino acid sequences
» Copy number of detectable inserts,

« Complete and partial , TDNA and backbone

» Southern blots....

» Numbers of flanking regions to be dealt with?

Size, function of deleted region(s)

Syragmig) Foggd Fafaby Agihoricy
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Trait stacking

i

Interbreeding of independent approved GM lines;
re-transformation existing approved GM line

* Need for further molecular analysis will be case-by-case
Based on the nature of the genetic modifications involved.

+ Stability of copy number and insert size should be
demonstrated where relevant.

* Further insert sequencing may be required on a case by case
basis

Eeragziest Fogeld Gafaiy Auefopje

& =
**. ** /F—

* *
 F

Food /Feed Safety

» Materials : seed, leaf etc...

= New Products and changes of old
products caused by the transformation:

« Allergenicity
« Toxicity
* Nutrition etc...

Surggwigy Fogd Safaty AEeor] oy
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Environmental Risk Assessment:
Guidance - update of previous Annexes & Guidance Notes:

= More Emphasis on :

* Direct Impacts - consequences of gene
flow/introgression

* Indirect impacts
—non-target effects at different trophic levels

—impacts of changes in management &
cultivation

—impacts from scale - - Monitoring
—delayed impacts - - Monitoring
M bl

Eiponzan Foge] Safaey Agipaggiiy
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Environmental Risk Assessment:

» Understand the organism that is being transformed

» Generic risk assessment for each crop plant

» Understand the novel trait(s)

= How will the transgene effect plant behaviour,
ecology, interaction with other species.

* Will GM plant have direct or indirect effect on other
species, ecosystems efc

= Will GM crop management change impacts on
other species or environment

Bureogny) Food Safsiy Aygeporpjiy
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ERA

8.Mechanism of interaction between the
GM plant and target organisms (if
applicable)

Understanding these mechanisms is Key part of
ERA for pesticidal plants

—
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ERA

= 9, Potential changes in the interactions
of the GM plant with the biotic
environment resulting from the genetic
modification
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Possible Effects include:

= effects on population dynamics and genetic diversity
of populations of species in the receiving
environment (plant, animal, microbe);

» altered susceptibility to pests and pathogens
facilitating the dissemination of infectious diseases
and/or creating new reservoirs or vectors;

= compromising prophylactic or therapeutic medical,
veterinary, or plant protection treatments;

= effects on beneficial plant-microbial associations and
biogeochemical cycles , particularly on microbial-
mediated carbon and nitrogen recycling through
changes in soil decompaosition of organic material.

Bipooaan doord Doy Algritorjey
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in comparison with non-GM parent/relative:

9.1 Persistence and invasiveness

* traits which may have an impact on increased
persistence and spread both in natural and
cultivated areas and their impacts.

9.2 Selective advantage or disadvantage

= any selective advantage or disadvantage conferred
to the GM plant.

» data collected from representative field trials >>
GM plant fitness.

e J
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ERA :
9.3 Potential for gene transfer

..gene transfer to the same or other sexually
compatible plant species ..and any selective
advantage or disadvantage conferred to those
plant species.

Potential consequences arising from out-
crossing to other plant cultivars should
be ..assessed for environmental risk.

e
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9.4 Interactions between the GM plant
and target organisms :

» eg effects on ECB populations and
development of resistance to Bt

9.5 Interactions of the GM plant with
non-farget organisms
eqg. impacts on beneficials etc..

Toxicity >> populations effects
g B

Sarggogig Food Gafony Ageiepje

66



x X Ko
% "

*
o i

Tiered Approach to ERA

= Tier 1. Laboratory Experiments > Hazard,
Impacts at first trophic level, direct non targets.

* Tier 2. Growth Room/Glasshouse > Interactions,
2nd trophic level, indirect non targets.

» Tier 3. Field Experiments > Exposure at range of
trophic levels, indirect/agronomic effects

* HXE>>RISK> > > ASSESSMENT
= Tier 4. Monitoring > long term/large scale impacts
o Confirm ERA

“vrogong Poogd Sefaey Ausnoejee

ERA:
» 96 Effects on human health

» Esp: non-food exposure (pollen, dust,
touch etc.)

= 97 Effects on animal health

Suprogung Foogd Gafarvy Ayriiopjes
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i 9.8 —Effects on bio-geochemical
| processes
effects on beneficial plant-microbial
associations and biogeochemical cycles,
particularly on microbial-mediated carbon
and nitrogen recycling through changes in
soil decomposition of organic material.
= Functional systems

9.9 Impacts of the specific cultivation,
management and harvesting
techniques

eg HT effects on Biodiversifjues==«""

Surnuzan Fogrd Sepfavy Avgrnoriics
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ERA:
= 10. Potential interactions with the
abiotic environment

» Soil (mineralisation), water, air .......

Zroozug Food Sepfoiy AuEiopjes
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" Post Market Environmental Monitoring

* Plan required from all applicants
» Parameters to be used in a monitoring plan

- Case Specific Monitoring - based on factors or
uncertainties identified in risk assessment,
often impacts of scale/time of exposure

* General Surveillance : Monitoring for harmful
unanticipated effects

Eurggz=gy Foog Gafaty SAuinocinyg
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Case Specific Monitoring (CSM) and
General Surveillance (GS)

1. CSM is hypothesis driven,( GS not ).

2. CSM depends directly on ERA results , (eg on
uncertainty or potential long term
consequences). - GS not

3. CSM may use experimental approaches, GS not.
4. CSM is focused and limited in time and space .

5. GS is unfocussed and in principle unlimited (thus
dependant on routine surveillance systems).

Ruprogugn Food Sjapfaby Ajejjopeje
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~ The principles of General Surveillance
« Unanticipated Adverse Effects

* Largely based on routine observation
(e.g. by public or private institutions)

* Proportionate scale, costs, and burden

+ Environmental exposure as starting point
- risk equation: hazard not known

* Protection goals as focus point

Enprgga) pogd Jafaky Agrpgpive
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" Protection goals as focus point

= Environmental goals (as indicated in
2001/18/EC)

- Biodiversity

 Ecological functions

« Sustainable agriculture

» Include effects on human/animal health

= Reference to 2004/35/EC
* e.g. to address natural variability

Eaproosyy) Foogd SGafary Atehoprjc
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Monitoring responsibility

Impacts at National Levels
and evaluation of EU Impacts

Impact at Regional Level @ Landscape

Impact at the farm level

Crop and management @ Whera does the responsibility of
Impacts Field an applicant end?
TUrongul Pond Jaroiy gy
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Summary: Type/Focus of Monitoring

Focus: Protection Goals

Responsibility/Type
- {as stariing poini)
Case-specific
5 o Water
% Monitoring : Agro-System
2 Sere Sustainability ~7
§ surveillance i
8 '
= Additional {state) 2 .
9 e eretes rotection
3 Monitoring — _C 0 _ of
© : Biodiversity
§ General Environ.| | :
(¥ Surveillance
e = Stlpeigkprp Bejel el il oyt Ve fepyi] e
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Reporting

* Routine annual reporting

* The applicant is responsible for reporting any
unusual effect immediately.

+ [f significant adverse effects are indicated:
Conduct investigations to determine cause
and effect.

_-______-_,_,..-r':"'-"-' 2
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"% Reporting Systeém from Existing
*#+* Monitoring Networks

Biodiversily Game
monitoring conservancy ird

walching

socielies
j Plant
Farmers prolectlion
organisations : 4 % services
Notifier reporting
office
Nature @
CA/EU Central
reporting office
Decision Standing expert
making body panel
Biosafety
research N
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Comments and questions welcome..
Thank you

jeremysweet303@aol.com
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http://www.efsa.eu.int
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Ecological Risk Assessment for
Biotechnology-derived Crops:
principles, process and
harmonization

Thomas E. Nickson, Ph.D.
Global Industry Coalition
Risk Assessment Workgroup
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Ecological Risk Assessment for Biotechnology-derived Crops:
principles, process and harmonization

Thomas E. Nickson, Ph.D.
Global Industry Coalition
Risk Assessment Workgroup

Biotechnology-derived (GM) crops have been used commercially for 10 years. In 2005,
GM crops were planted in 21 countries by more than 8 million farmers. Prior to
commercial use, each product underwent an assessment and independent regulatory
review that examined the potential risks to food, feed and the environment. The
ecological risk assessment information used in the regulatory review has been grounded
in five consensus principles that are: science-based, comparative, case-by-case, iterative
or recursive, and inclusion of all available information. While the specifics of the
assessment process for commercial release vary from country to country, the scientific
approach includes an assessment of the potential hazards and exposure, which are
integrated subsequently in a qualitative, and where possible, quantitative characterization
of the risk. Based on the risk characterization, possible post-marketing activities such as
monitoring may be recommended or required. Importantly data requirements for the
specific risk assessment should be a function of a number of factors including the
proposed use (e.g., commercial release vs. importation for food or for feed or processing
vs. field trials) as well as the nature of the crop, the trait, the receiving environment and
the interactions among these. The Global Industry Coalition (GIC) Risk Assessment
Workgroup promotes rational, science-based and harmonized risk assessinent approaches
to the evaluation of GM crops. This presentation describes the principles used in
ecological risk assessment, a science-based process to evaluate GM crops and some
important considerations based on the experience of the GIC.
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Ecological Risk Assessment for
Biotechnology-derived Crops:
* principles, process and harmonization
I

Thomas E. Nickson, Ph.D.
Global Industry Coalition
Risk Assessment Workgroup

July 2006 ILSI Asla Workshop

i Agenda

» Ecological Risk Assessment Principles
» Science-base
» Data requirements
= Decision-making

» Ecological Risk Assessment Process

July 2006 ILSI Asia Workshop
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* Risk Assessment Principles

July 2006 ILSI Asia Workshep 3

Key Terms

= Risk is “a possibility of loss or injury”
(Webster's New Collegiate Dictionary)
= Modern Biotechnology
» Distinguished from traditional breeding techniques
by the Cartagena Protocol on Biosafety (CPB) and

other instruments:

“the application of: (a) In-vifro nucleic acid techniques,
including recombinant ... DNA and direct injection of
nucleic acid into cells and organelles, or {b) Fusion of
cells beyond taxonomic family, ... not techniques used in
traditional breeding and selection;” (CPB, 2000)

July 2006 ILST Asia Workshop
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i Risk Assessment of GM Crops

E ‘ RISK ASSESSMENT 2

Human Health & Safety Environmental Safety

(food and feed safety) (ecological impact)

Integrating science into decision-making...
directed by public and regulatory policy

Juty 2006 ILSI Asla Workshop

i Risk = Hazard x Exposure

= Risk is the potential for harm to occur

= Two distinct components
» The Harm (Hazard)
»« The Potential to Occur (Exposure)

July 2006 ILSI Asia Workshop
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Core Risk Assessment
i Principles for GM Crops

Risk assessments should be:
= Science-based
« Case-by-case
« Comparative
« Iterative or Recursive
« Inclusive of all information

Planning a risk assessment for the GM crop must consider the
nature of the trait. the nature of the crop, the likely receiving
environment and the interaction among these.

July 2006 ILSI Asia Workshop

:.L Core Data Principles

= Appropriateness and Proportionality
= Appropriate to the crop, trait and use
» Proportional to the estimated risk

» Commercial release (large scale)

« Import for processing (living modified organism for
direct use in food or feed or for processing- LMO-FFP)

= Confined field trials (small scale)

» Transportability

= Lab testing results (toxicity tests, germination
tests, etc) are independent of environment.

July 2006 ILSI Asia Workshop
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Core Decision-making Principle:
iweigh the risks and the benefits

Current New

Practices Technology

Risk/Benefit A Risk/Benefit

Balance “reasonable” certainty with scientific (absolute) certainty,
and risks associated with a “no” or delayed decision.
e.gd., loss of benefits andfor trade barrier due to delays

July 2006 IEST Asla Workshop 9

* Risk Assessment Process

July 2006 ILSI Asla Workshop 10
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Risk Assessment Process is Guided:
what are the key questions?

= What is the proposed use?
= Commercial, LMO-FFP, field trial

= What is the experience with the traditional crop?
» Assess familiarity (OECD, 1993)

= What are reasonable potential hazards?
« Compared to the non-GM crop and based on the trait

= What are reasonable potential exposures?
= Compared to the non-GM crop and based on the trait

= What, if any, is the estimated magnitude of comparative risk?
» Compared to the non-GM crop

»  What actions could be reasonably taken to reduce the risk or
ensure that the decision was appropriate?

= Monitoring?
July 2006 ILS1 Asla Workshop 11

Overall Risk Assessment Process

»x Plan

» Collect information based on the nature of the
trait, the nature of the crop, the likely receiving
environment and the interactions among these.

= Assess

» Conduct controlled experiments
» Characterize

= Describe the risk, and
= Refine as needed

July 2006 ILSI Asla Workshop 12
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Plan

= Ecological Assessment Planning also
must consider...
= €xposure scenarios and pathways;

= direct and indirect as well as immediate
and delayed effects;

= potential impacts related to changing the
agricultural practices;

» country specific requirements.

July 2006 ILST Asia Workshop

13

Consensus Potential
Environmental Hazards

x

» Increased weediness of the crop or sexually
compatible wild relative

» Adverse effects on non-target organisms
= Adverse effect on biogeochemical processes
= Induced or increased pathogenicity

» Adverse impact on the conservation and
sustainable use of biodiversity

July 2006 ILSI Asia Workshop

14
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Assess: Types of Studies

» Hazard Identification
= Product Characterization Testing
« Molecular analysis
» Comparative phenotypic evaluation
» Hazard Identification
» Effects Testing
= Non-target organism toxicity and dose response tests
= Evaluation of soil microbial processes
= Exposure Assessment
= Expression analysis
« Gene flow studies
» Environmental fate studies

July 2006 ILST Asla Workshop 15

Hazard ldentification:
Characterization of the Trait

= Toxic and allergenic potential

» Bioinformatics

» Potential impact to non-target organisms
» History of safe use {familiarity)

= Similarity to known proteins or genes
» Sequence homology

» History in food chain
s Mode of action information

Do we need further testing/refinement of hazard potential?
July 2006 ILST Asla Warkshop 16
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Hazard Identification:
Crop/Plant Characterization

%sessment Planning Data collection
ormancy 5

Vegslative gromth 3 TIANCY

Repmductie gowih ~ 5 _ e natohal

Polen Mciphalogy 1 ollen m%rgﬁg e

Pre-hanest seed loss 1 Cead Retlclntion

mseclobserv. % Insect! disease/plant interactions

Pathagan chserv. 1 Voluntesr potential

Seadbark longevity " Seedbank longevity

Compatiion L Molecular analysis

E@gi?ée"f:‘z"‘ i - Compositional analysis
athways/Gere flow K

Hybridization i | ELISA data

Volunteer potential ]

Alelopathy . .

Plantbiogeography 1

Molecular anabsis L

Compositional data

Exprasionambls .« Hazard Potential

Data analysis to determine what is different
between the GM and nonGM crop and how
it could relate to an adverse effect?

July 2006 ILST Asia Workshop 17

Hazard ldentification; Core
Comparative Data on a GM crop

= Comparative Data ("Familiarity™), Core
Studies
» Dormancy and germination
= Phenotypic

« Crop specific guidance
» Plant-insect, plant-disease, plant microbe interaction

= Volunteer potential
» Compositional data

Do we need further testing/refinement of hazard potential?
Conduct refined hazard assessment tests on meaningful differences
such as dose response testing.

July 2006 ILST Asia Workshop 18
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Effects Testing:
Non-target Arthropods

Based on surrogate test species concept
=  Selection based on:
Taxonomy, e.g., insect order
Function, e.g., pollinators
Nature of the trait
=« Historical precedent in the chemical industry
=« Lab system allows for data transportability
= Acute (short-term) tests with high dose to address
uncertainty
= Adapted for Biotech crops: species, test length,
flexibility on the test article (protein or tissue)

Based on a Tiered Testing system
= Progression through tiers based on lower tier results

July 2006 ILSI Asia Workshop

19

Effects Testing:
Plant-Soil Microorganisms

Emerging regulatory concern/guidelines
Current data gaps/allegations in soil ecology
Lack of information on baseline variability of
soil microbial populations- critical to assess
potential impacts of GM crops on soil
organisms and processes

Initial focus should be on evaluating soil
microbial processes (e.g., C/N mineralization)

July 2006 ILST Asia Workshop

20
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Hazard Assessment Summary

» First: The assessment plan is developed based on the nature of
the trait, the nature of the crop, the likely receiving
environment and the interaction among these.

» Hazard identification using both deductive and inductive
approaches (possibilities)

= Dose response or consequences assessment (calibrating the
magnitude of the harm)

= Second: Product characterization identifies those
aspectsfelements of the GM crog/plant and trait that are
meaningfully different compared to a conventional (safe)
counterpart AND pose a potential hazard (i.e., weediness,
adverse effect on NTOs, etc)
« A well-constructed product characterization addresses potential

secondary effects
. Ehird: Effects testing estimates that potential magnitude of the
arm.
July 2006 TLST Asla Waorkshop 21

Exposure Assessment: defining the
likelihood of the harm being realized

s Expression analysis
» Tissues and temporal patterns
» Pathways analysis
» Gene flow assessment
= Trophic transfer
= Exudation
» Mitigating Factors
» Environmental fate/degradation
=« Dilution

July 2006 ILSI Asla Workshop 22
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Gene Flow Assessment Overview

n Gene flow is NOT a risk...

» Risk Assessment occurs in steps (above)
« 1% characterize the risk(s) associated with the trait and the GM
crop

a 2™ agsess the likelihood that gene flow will occur based on the
nature of the crop and trait

« 37 if there is evidence of risk or Unacceptable uncertainty,
assess whether the risk is manageable

» Based on the nature of the risk identified,
appropriate risk management could be developed.

= It may be possible to manage or mitigate the potential harm
and/or reduce the likelihood that gene flow will occur to
acceptable levels
July 2006 ILST Asla Waorkshop 23

Environmen’_[_al Fate Studies

» Laboratory soil degradation to estimate
environmental exposure
» Protein degradation or loss of functional bicactivity,
dissipation profile, and degradation rate estimates

» Field accumulation and persistence
= Is there accurmnulation or persistence during the growing
season and over multiple years of consecutive use 7?

n Exposure value for risk assessment: Environmental
Concentration (ug protein/g soil)

July 2006 ILST Asla Workshop 24
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Exposure Assessment Summary

= Exposure assessment estimates likelihood by
considering:
« The nature of the crop/piant,

= Gene flow, pollen and seed dispersal, ecological
interactions with other organisms

= The likely receiving environment,
» Presence of sexually compatible relatives
« Levels of the potential hazard agent(s) or trait,
= Tissues, surrounding soils and phytophagous pests
«» Fate of the potential hazard agent(s).

July 2006 I1.ST Asia Workshop 25
Assessment Summary:
Hazard and Exposure
= Identification of hazard = Exposure assessment
potential: Trait = Expression levels of the
» Mode of action of gene gene product
product = Season-long
» Bicinformatics = Key plant parts
» Toxicity data » Gene Flow
= Feeding studies = Pollen and/or sead
. Mouse gavage = Biogeographic data
= rat/bird/fish feeding » Environmental Fate
« Levels in soil
= Identification of hazard . tﬁ:i}i :2 gm‘;m:;ous
potential: Plgnt insacts
» Phenotypic and
environmental interaction
information from plant
characterization studies
July 2006 ILST Asia Workshop 26

88




Risk Characterization

= Estimates the risk quantitatively when possible or
qualitatively using the information from hazard
assessment and exposure assessment.

» Integration of all available information on the potential
hazard and exposure.

= Risk characterization also describes the assumptions
and uncertainty.

= Risk characterization results in a written description
of the risk: GM crops with no quantitative hazard
(e.g., HT and Bt crops) are characterized qualitatively
. Ie.}.((:.].l, Australia uses: highly unlikely, unlikely, likely, or highly
ikely
» Describes the spectrum from "possible” to “probable”.

July 2006 ILST Asia Workshop

27

Environmental Risk Assessment
Science-based Challenges

J

» Reasonable certainty

» Zero risk does not exist, we must explicitly or implicitly
accept some level of uncertainty.

« GM crops can not be made safer than biclogy itself. Rather,
are the risks acceptable?

= Defining “safe”
» Mot absolute but relative safety; “as safe as”
» Appropriate comparators

» Conventional agriculture and traditionally bred crops are
the baseline from which to evaluate effects.

= How much data are sufficient for decision making:
need to know vs. nice to know
July 2006 ILSI Asia Workshop
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: systematic evaluation of potential hazards and exposures that are
ultimately integrated in risk characterization. .

Data requirements should be hammonized based on the principles
of proportionality and appropriateness.

Decision-making integrates scientific information from the era with
public and regulatory policy that define “reasonable”.

The GIC supports efforts to harmonize risk assessment principles,
processes and data requirements to facilitate decision-making.

.’ a . - - o

Additional Slides

July 2006 ILST Asia Workshop 30
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Global Industry Coalition (GIC)
- q Risk Assessment Workgroup

July 2606 ILSI Asia Workshop 31

GIC
i Risk Assessment Workgroup

= Promotes harmonization of environmental risk
assessment for GM crops.

» Provides technical support on risk assessment
issues across industry

w Addresses risk assessment related issues of
general concern to industry
» CPB negotiations on risk assessment

= OECD harmonization efforts
» IPPC and NAPPQ efforts related to biotechnology

July 2006 ILST Asia Workshop 32
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The GIC Case for Harmonization

It is in the best interest of stakeholders to support harmonization
activities that will make the regulatory process for GM organisms
mare consistent, efficient, predictable and commensurate with
the potential risks.

B Harmonization creates a more predictable regulatory environment.,

m Consistency in data requirements, experimental methods, regulatery review processes
and u'mi?g, and terminology fadliftates the overall process of gaining regulatory
approvals.

¥ In the process of harmonization, the sharing of information and ideas
generates greater understanding among the negotiating parties.

m  Supports future negetiations and allows the parties Involved to be better prepared for
such discussions.

¥ The sharing of information and expertise facilitates capacity building
and formirig supportive alliances among countries that are Interested in
creating efficient and effective regulatory systems,

July 2006 ILSI Asia Workshop 33

GIC LMO-FFP Concerns

= International trade of commodity LMO-derived grain is
currently vulnerable to disruption

= Both CPB and International Plant Protection Convention have
considered the issue of LMO FFPs

= Guidance provided by Annex III (BSP) and ISPM 11 needs a
harmonized framework

» Import decisions must be based on the principles of data
proportionality and appropriateness

« Decisions often can be made based on existing information,
experience with the conventional FFP, expert opinion, and
scientific principles

= A tiered approach provides flexibility to manage to an appropriate
standard of safety

July 2006 ILST Asia Workshop 34
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Core Data: Dormancy Assessment

= Purpose:

= Generate data to assess a key aspect of weediness, and to
evaluate if the genetic modification caused unintended
changes in the dormancy or germination characteristics of the
crop.

= Methods:

» Seed from multiple locations with different environmental
conditions
= Conducted in growth chamber under various temperature
regimes
= Optimum (AOSA standards}
« Sub-optimum (range of temperatures from ~10 to 40C)
» Assess dormant (hard), germinated, firm swollen and dead
seed
July 2006 ILSI Asia Workshop 35

Core Data: Phenotypic
Characteristics Assessed

« Maize = Soybean
Seedling vigor Early season vigor
Early stand count Early stand count
Date of 50% pollen shed Date of 50% flowering

Date of 50% sllk
Pollen slze & viability (single site)

Flower color
Pollen size and viability (single site

Plant-disease Interactions
Plant-abiotic stress interactions

Plant-fnsect Interactions
Plant-disease interactions
Plant-abiotic stress interactions

Stay green data)

Ear helght = Plant height

Plant helght = Pubescence

Dropped ears* » Lodging*

Stalk lodging* « Shattering*

Root lodging* = Yield

Final stand count w Nodule characteristics
Yield = Plant-insect Interactions

*Charactenstic directly relaled to potential changes in crop weediness
July 2006 ILST Asla Workshop 36
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Core Data: Volunteer Potential
Assessment

» Purpose:
» Generate data to evaluate if the genetic modification caused
unintended changes in the ability of the crop to volunteer
from seed in a subsequent growing season.

= Methods:

= 4 location evaluation representing range of areas of
expected cultivation

» Assess ability of seed to over-winter and emerge as a
seedling in a subsequent growing season.

July 2006 ILSI Asia Workshop 37

Additional Refining Experiments
(If necessary)

« Replacement Capacity

» Comparative assessment of the survival of a population of
the crop in unmanaged vegetation

= Residual Effects
« Comparative assessment of allelopathic effects of the crop

» Seedbank Longevity

» Comparative assessment of survival of the seed in soil over
longer time periods (than in volunteer potential assessment)

= Competition
= Comparative assessment of the competitive ability of the
crop with another species

July 2006 ILSI Asja Workshop 38
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Representative Organisms

Common Name Species Tissue Functlon
Collembola Folsomla candida Leaf Tissue | petrivore
Catfish Ictalurus spp. Grain Graln
Daphnia Daphnla magna Pollen Aquatic primary consumer
Earthworm Eisenia fetida Protein Detrlvore
Ground Beetles Poecitus chalcites Proteln [ pojlen-Seed Feeder/Predator
Honeybee Adult Apis mellifera Protein Nectar Feeder
Honeybee Larvae Apis mellifera Proteln Pollen Feeder
Lacewing Chrysoperia sp. Proteln Pollen Feeder/Predator
Ladybird Beetle Coleomegilla maculata Proteln Pollen Feeder/Predator
Parasitic Wasp Ichneumon promissorius Proteln Parasitold
Pirate/Flower Bug Orius Insidiosus Protein Pollen FeedersPredator
Quail Colfnus virginianus Grain Bird/Graln Feeder

July 2006 ILST Asia Workshop
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Post-Marketing Monitoring (PMM)

There are 3 reasons to conduct Post-market monitoring:
1. Stewardship
- provide information for farmers and other stakeholders
2. Expand basic knowledge
- supports basic research
3. Regulatory Requirement
- an outcome of a science-based risk assessment
- supports decision-making or prescriptive conditions of approval

And, there are reasons to not conduct Post-market monitoring:

1. Cost

- the value of the information is not justified

2. Uncertainty

- the reason for PMM is unclear
- PMM can lead to a perception that something is “wrong”

July 2006

ILSI Asla Workshop
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Assessing Familiarity: The role of Plant Characterization

Thomas E. Nickson* and Michael J. Horak;
Ecological Technology Center, Monsanto Company,
800 N. Lindbergh Blvd, St. Louis, MO 63167, USA

Abstract

This paper presents an overview of the concept of Familiarity and plant characterization.
Familiarity is a concept useful to decision-makers because it comes from preexisting
knowledge, experimental results as well as expert opinion, and experience gained over
time. Familiarity encompasses familiarity with the crop, the trait, the environment and
interactions. Plant characterization focuses on the collection and evaluation of biclogical
and ecological data on the GM crop. It is based on a comparative assessment approach
that considers the GM crop in the context of an appropriate non-GM control and the
known variation for the crop. This discussion will include overviews of the scientific
elements of the studies involved as well as an interpretation approach for evaluating
statistically significant differences. Plant characterization data will be discussed in the
context of the concept of Familiarity.

Key words: Plant characterization, risk assessment, Familiarity, genetically modified
crops, phenotypic analysis, comparative assessment

Introduction

Biotechnology-derived (GM) crops have been used commercially for 10 years, and in
2005, GM crops were planted in 21 countries by more than 8 million farmers (James,
2006). Prior to commercial use, each product underwent a scientific assessment and
independent regulatory review to examine potential risks to food, feed and the
environment. Data that characterize the biology and ecology of the GM plant relative to
the traditional crop are needed for the environmental risk assessment. When planning a
characterization a scientist considers the nature of the trait, the crop being modified, the
desired product concept, the likely receiving environment and the potential interactions
among these as they relate to environmental risk and ultimately decision-making. In the
course of this characterization, experience with the crop, the trait and the receiving
environment will be gained that will provide the basis on which data will be evaluated
and meaningful differences interpreted. This experience also provides a comparative
context that will be used to establish “Familiarity” and vltimately characterize the risks
posed by a particular GM plant.

This paper presents an overview of the concept of Familiarity and plant characterization.
Familiarity is a concept useful to decision-makers because it comes from preexisting
knowledge, experimental results as well as expert opinion, and experience gained over
time. Familiarity encompasses familiarity with the crop, the trait, the environment and
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interactions. By definition, familiarity increases with time and experience, and thus it
helps address uncertainty in the risk assessment and direct future information collection
(e.g., monitoring). Importantly, Familiarity is not a safety conclusion, but rather it
encompasses the information available at a given point in time; and serves as a basis from
which the risk assessment should proceed. Plant characterization focuses on the
collection and evaluation of biological and ecological data on the GM crop. It is based
on a comparative assessment approach that considers the GM crop in the context of an
appropriate non-GM control and the known variation for the crop. This discussion will
include overviews of the principles of ecological risk assessment and the scientific
elements of the studies involved. In addition, plant characterization data will be
discussed in the context of the concept of Familiarity.

General Principles of Ecological Risk Assessment for GM Crops

Ecological risk assessment for LMOs should be based on the general principles of
ecological risk assessment (era). These principles have been described in several sources
(Suter, 1993; US EPA, 1998). According to the literature, a valid era should be science-
based, utilize a systematic approach that is inclusive of all available information and
iterative based on new information. In addition, the fundamental elements of risk
(hazard + exposure/frequency) should be explicitly described in order to accurately
characterize and analyze the overall risk. Era approaches to genetically modified plants
have been described (Tiedje ef al., 1989; OECD, 1993; Rissler and Mellon, 1996;
Kjellson, 1997; Nickson and McKee, 2002), which recommend further that assessments
of LMOs be case-by-case, giving detailed consideration to the biology of the crop, the
nature of the trait and the environment into which the LMO will be released.

The Concept of Familiarity

The concept of Familiarity was jointly developed by different groups (NRC 1989, Tiedje
et al. 1989; OECD, 1993) and is a key approach used in identifying and evaluating
environmental risks and in informing practices that may be needed to manage recognized
risks. Underlying this concept are two important assumptions: (1) the process of genetic
engineering is not inherently more risky than conventional plant breeding and introduced
transgenes behave in essentially the same manner as any other gene within the plant
genome; and (2) there is a significant history of introducing new traits into crop plants
and in evaluating these new varieties in agriculture.

Initially, a risk assessor uses familiarity with the crop in the context of the regulatory
concermns to collect the information that is relevant for the risk assessment. Risk
assessment of a GM plant begins by assembling knowledge of the properties of the
conventional crop under environmental conditions that are representative of the proposed
use of the GM crop. Our understanding of familiarity is modified as new data become
available from comparative field tests using the GM crop and an appropriate control and
references. Information gathered enables the risk assessor to determine with greater
certainty and precision those characteristics of the GM plant that are different from the
conventional crop and may be of regulatory concern. According to Hokanson ef al.
(1999), “familiarity allows decision-makers to draw upon the vast experience with
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introduction of plants into the environment, and to compare genetically engineered plants
to their non-engineered counterparts.” Methods including comparative compositional
analysis and agronomic/phenotypic evaluations constitute an integral component by
which modified crops are characterized. As such, Familiarity embraces the concepts that
evaluations should be comparative (modified vs. non-modified), and that cumulative
experience allows risk assessors to refine their understanding of the potential risks
associated with the GM crop. For most of the major crop species, there is ample

literature and data available to provide the risk assessor a context for assessing familiarity.
For example, consensus documents developed by the OECD, CFIA and USDA are
readily available on many crop species.

As more experience is gained with biotech traits in multiple crops and geographies,
familiarity increases and can further serve as a baseline for the food, feed, and
environmental risk assessments of other GM crop concepts. For example, an ERA for the
herbicide-tolerant trait in a new Roundup Ready crop or new geography for an existing
Roundup Ready crop may draw on the previous knowledge and experience gained for
CP4 EPSPS, the expressed protein conferring tolerance to glyphosate. CP4 EPSPSis a
member of a family of enzymes common to plants and microorganisms. There is no
toxicity associated with this family of proteins, and since they are ubiquitous in plants
and microorganisms, they have a history of safety in the environment. As traits such as
glyphosate tolerance and Bt-based insect protection continue to expand in acreage and in
diverse environments, valuable experience and information is gained in the safe
deployment of these trait and crop combinations.

Plant Characterization

The current approach to assessing GM plants includes a scientifically rigorous
comparative assessment of the plant’s phenotypic characteristics (germination,
emergence, growth and reproduction), and the plant’s interactions with the environment.

In a comparative assessment various phenotypic characteristics of a GM plant are
compared to those of a control that is generally accepted as environmentally “safe” under
known conditions of use. Thus, it is important to select an appropriate control and
appropriate phenotypic characteristics for comparison. In addition, commercial
references are included in the experimental design to provide information on
characteristic values common for the crop.

In a phenotypic characterization, the control must be as genetically similar to the GM
plant as possible. However, pure isogenic conventional comparator plants are not
available due to the nature of plant systems (e.g., genetic recombination during selfing or
backcrossing, self-incompatibility, alloploidy, hybridization) and current transformation
technology. Since the GM trait is often backcrossed to the conventional parent to fix the
gene in the parental genetic background, a near isogenic, null-segregant, or parental line
is often the best available control.
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The phenotypic characteristics evaluated in a characterization are selected based on the
biology of the crop and experience from conventional breeding (familiarity). All data
from the phenotypic observations are used to characterize the plant, while a certain subset
(e.g., dormancy, lodging, seed retention on the plant) are used to directly assess altered
pest potential of the GM crop plant. Each characteristic measured is correlated to one or
more biological aspects of the plant that are agronomically or ecologically important.

The results of a statistical analysis of the quantitative characteristics measured and
qualitative observations made by expert plant breeders across many sites and
environments provide data and information for a robust assessment of potential
phenotypic differences between a GM plant and an appropriate conventional comparator.

Data from reference lines incorporated into the experimental design or from published
literature can provide valuable information in a plant characterization. Understanding the
inherent variability for a characteristic within a crop provides important background data
derived from familiarity with commercially accepted values for the characteristic and is
important to the interpretation of the implications of any detected changes.

Typically, several experiments are conducted to collect comparative plant
characterization data. The data from these experiments may be qualitative or quantitative.
The qualitative data are summarized to describe field scientist observations. The
quantitative data are analyzed to determine if there are statistically significant differences
between the GM plant and its conventional control for a specific characteristic.

Assessing Experimental Results.

Comparative plant characterization data between a biotechnology-derived crop and the
control are considered in the context of contributions to pest/weed potential. Plant
phenotypic characteristics are inherently variable and thus statistically significant
differences are sometimes detected in phenotypic analyses necessitating further
assessment. Characteristics for which no differences are detected support a conclusion of
no increased pest potential of the biotechnology-derived crop compared to the
conventional crop. Characteristics for which differences are detected are considered in
the step-wise method described below. Any detected difference for a characteristic is
considered in the context of whether or not the difference increased pest/weed potential
of the biotechnology-derived crop. Ultimately, a weight of evidence approach
considering all characteristics and studies is used for the final risk assessment of
differences and their significance in terms of increased pest potential.
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Methods for interpretation of detected differences

Step 1
Differences detected in the combined-site
and individual-site analyses are evaluated*

l No adverse changes in
Step 2 the characteristic that
Statistical differences detected | No_ | \wnuld contribute to
in cembined-site analysis? pest potential
Yes
Step 3 No

TOutside variation of study references? | Not adverse; the
detected difference in

Step 4 Yes
Outsid iation f p the measured
utstde variation for crob< | Mo | characteristic does not
non-familiar”) .
contribute to a

Siop'5 Yes biological or ecological

Adverse in terms of pest potential? Jﬁ’—> (;:oncernffor tthe c;rop:.lrll
erms of pest potentia

Yes

Step 6

Hazard identification & risk J

*See 1 for intorpretation of differonecs delected
in the individus-sile pabysis

assessment on difference

During steps 1 & 2, combined-site and individual-site statistical analyses are conducted
and evaluated on each measured characteristic/parameter. When statistical analysis
indicates that the GM plant is not different from the conventional counterpart for a
specific characteristic, that characteristic would be considered within an acceptable range.
The data for that characteristic would support a conclusion of no changes in pest potential
for the GM piant relative to its conventional counterpart. Differences detected in the
individual-site analysis must be observed in the combined-site analysis to be considered
further for potential adverse effects in terins of pest/weed potential. A difference in the
combined-site analysis is further assessed regardless of whether or not the difference is
detected in the individual-site analysis.

When a combined-site analysis indicates that the GM plant is not different from the
conventional counterpart for a specific characteristic, that characteristic would be
considered within an acceptable range. The data for that characteristic would support a
conclusion of no changes in pest potential for the GM plant relative to its conventional
counterpart (Figure 1, step 2, answer “no”). Differences detected in the combined-site
analysis may indicate a biological change in the GM plant (Figure 1, step 2, answer
Ityesﬂ).

If a detected difference were observed in the combined site analysis, the variability for
that characteristic present in the references grown as part of the same experiment and
under the same conditions is considered (Figure 1, step 3). Further assessment is
warranted if the mean value for the characteristic were outside the accepted range of a)
values for the crop (i.e., the inherent genetic variability present in the species), as
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indicated from the references in the experiment; or b) those presented in published
literature. The characteristic with such an outlying value would be non-familiar for that
crop or background genetics (Figure 1, steps 3 and 4).

Any non-familiar characteristic is then considered in the context of the direction of the
change in terms of pest potential (Figure 1, step 5). If an adverse effect (hazard) is
identified, risk assessment on the difference is conducted (Figure 1, step 6). Therisk
assessment considers contributions to enhanced pest potential of the crop itself, the
impact of differences detected in other measured characteristics/parameters, and potential
for, and effects of trait transfer to feral populations of the crop or a sexually compatible
species. It is important to note that an adverse effect is not just a function of the plant; the
nature of the GM trait is also a factor in determining if a plant has increased
environmental risk.
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R AN ~THECES BT R EYOE FRR & AHE R RCERT
Impact assessment of genetically modified crops upon biological diversity under
regulatory framework in Japan
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Biological Diversity under Regulatory Framework in Japan
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Title

MAFF's Policy for Recombinant DNA Techniques

BB RIS AERMGEERS

Recombinant DNA techniques have great
potential for welfare of humankind.

= Jt is crucial to sufficiently assess risks of GMOs
on human health and environment.

* It is important to appropriately address concerns
of public and to provide relevant information.

Introduction 1/3
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Number of Approved Type 1 Use Regulation

FEERAREOFEYIRBHHRR VB E 48

Crops Isolated Field Trials aanl}::f?l%;s Interim Measure
Corn 6 21 4
Rice 18
Cotton 1 12
Qilseed rape 2 8
Soybean 2 1 3
Carnation 5
Alfalfa 3
Rose 2
Sugarbeet 1
Bentgrass 1
Papaya 1
Total 31 44 16

Introduction 2/3

GM Crops in Japan

BARICE T 5 EGEFHEBRZFEDDIRT

@ There 1s no commercial cultivation.

@ A large amount GM products are imported as
FEPs (Direct use as food, feed, or for processing).

Some local governments have set up guidelines on
cultivation of GM crops.

@ Public concerns unintended presence of GM
crops in non-GM crops.

Introduction 3/3
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" T
Today’'s Topics

1. Biosafety framework: The Cartagena Law
2. Approval Procedure of GM Crops
3. Impact Assessment on Biological Diversity

() ANEAFTRIZEDGRHEI D4 A
(2)EEISKRFTCOFIE
() RFMAEIZEDYRIEEMD FIE

Body1/14

~ The Cartagena Law (2004)

‘L g the on and Sustal Usa of Biological Diversity through Regulations on the Use of Uving Modified Organiems®

BEEFHREAEDTOEAFORMEIENOSHEUEOERICET 554

Contents

General Provisions
Measures to Prevent Adverse Effects on
Biological Diversity Caused by the Use of Living
Modified Organisms in Japan

1. Type 1 Use of Living Modified Organisms

2. Type 2 use of Living Modified Organisms

3. Testing of Organisms

4. Provision of Information
Measures Concerning Export
Miscellaneous Provisions

Penal Provisions

N =

o bow

Body2/14

107




" NN
Measures Corresponding to the Mode of Use of LMOs
B FREBAEMOERABEICEL-EE
[Releasing to Environment]

Type 1 Use: Uses without containment measures
SRR LRGLIEEELOTMER
Including “Isolated Field Trial” and “FFP”

Applicants must submit Biological Diversity Risk Assessment Report to obtain approval for Type 1 Use
Regulation from competent ministers.

[Preventing from Dispersal]

Type 2 Use: Uses with containment measures
EEGER BER~OHLEEHFLELTITS>ER

Applicants must take containment measures corfirmed by competent ministers to be effective.

(“The Cartagena Law”, Article 2 paragraph5 & 6) Body3/14

" ST
Competent Ministries
THEKRE

Agriculture

MAFF i MOE

{Ministry of Agriculture, Forestry and Fisheries) (Ministry of the Environment)
MEXT | Research & Development !
(Ministry of Education, Culture, Sports, Science and Technolegy)
MOF ‘ Liquor Production |
(Ministry of Finance) +
MHLW MOE

| Pharmaceuticals |

(Ministry of Health, Labour and Welfare)

METI ‘ Mining & Manufacturing ‘
(Mintstry of Economy, Trade and Industry)

Body4/14
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" JEENENT
&

Dossiers for Application
HEOKROREESR
Users must submit dossiers and cbtain approval for Type 1 Use Regulation from competent ministers.
m Type 1 Use Regulation
BHEERAE
Example:

= Provision as food, provision as feed, cultivation,

processing, storage, transportation, disposal and
acts incidental to them.

s ERNIEEHBICEHITI-OOER. HE. NI, 58, ER. RUR
ERHUIZCALIZRHMETBITE

m Biological Diversity Risk Assessment Report
SHEHNRETHE
m Accompanying documents

Body5/14

Biological Diversity Risk Assessment Report
VS PR E M S DHE

Structure
LPart 1. Information collected prior to assessing 1E¥RINEE
e i
Part 2. ltem-by-item assessment of adverse effect against
each property of the GMO 8B Z & DT
- 4
{Part 3. Comprehensive evaluation #a & BOE M
“The guidance of Implementation of Assessment of Adverse Effect on
Biological Diversity of Type 1 use of Living Modified Organisms. ” (Table 4) Body6/14
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Application - Approval Type 1 use regulation of GM Crops

F-EERARBRORREF o=

@ Committee on
. Biological Diversity

App licant Risk Assessment J

» -
i Observation

Notification
Opinion

Decisi . Public
ecision
Approve o»:_l‘)isapprove ’ a:|_> »
@ {/l lnformati0n4 _________ Q
Publication of the Decision j—‘ Users
Body7/14

" NN
:

Committee on Biological Diversity Risk Assessment

EMBHMEE MRS

m Sub-Committee for Crops BiEMAHE

= Experts: Persons with specialized knowledge and
experience concerning Adverse Effect on
Biological Diversity

» Applicant
» Secretariat ( MAFF and MOE)

m Integrated Committee =R

5 Open to Public
m Experis
» Secretariat ( MAFF and MOE)

m Observers
Body8/14
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Basic Concepts in Impact Assessment upon
Biological Diversity

EMEREEETMICSTAERLTHR

= Scientifically Based =P rIiE#L
= Familiarity 7T )T4
m Product Based Hm~—R
m Case by Case

m Step by Step

Body9/14

" I
Assessment ltems

Property of living modified organisms which might cause Adverse Effect on Biological Diversity

EMSBUPEEELSHITENOHHRIETHRAENON
m Competitiveness #&izs1+2EBM%

Wildlife may be crowded out from territory.

Property of competing against wild plants for resources such as nutrients, sunshine,
habitat, ete. and interfering with their growth. (Higher growth and repreduction
rate, Seed production capacity, Higher tolerance to environmental stress efc.

m Productivity of harmful substances

FEVHEOEEN Wildlife may be wiped out by the substance
Property of producing substances interfering with the living and growth of wild Ii

3 Allelopathic agents, etc

| Crossab”[ty RHMTE  wildlife may be replace by the hybrids.
Property of hybridizing with related wild plants and transmitting nucleic acid
transferred by the technolegies regulated by the Law to them.
7 Pollen preduction capacity, Compatibility between pollen and stigma, Rate of
fertilization, Germination rate of the hybrid seeds, Ferility of the posterity, etc.
“The guidance of Implementation of Assessment of Adverse Effect on
Biological Diversity of Type 1 use of Living Modified Organisms. ™ (Table 2) Body10/14
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Flow: M™ethod for Assessment of Adverse Effect on Biological Diversity

1. Information collected prior Information of lhe LMO
to assessing

[+ Identification of the LMO properties |

There would

Does the LMO has
not be adverse

any adverse effect?

2. ltem-by-item assessment

of adverse effect against

each property of the LMO Is there There wouid

1) Competitiveness any susceplible wild not be adverse
ife?

2) Productivity of harmful substances Ik sffect

3) Crossability Yes

Tdentificalion ol the wildlife likely 1o be aliected
T

r— —

Underslanding of consequences of Underslanding of likelihood of Collectng
Calfecbng adverse effects adverse effects information
informatan - :

Is there
any adverse effect
to the wildlife?

There would
3. Comprehensive evaluation be adverse effect

There woukl
not be adverse
eftect

Body11/14

Procedure for Assessment of Adverse Effect on
Biological Diversity

EMEHFRIEZEFEDFIE

= 1. Identification of wild life likely to be affected
EEFZTHAREOHIFEDENZEOETE
m 2. Evaluation of concrete details of adverse effect
2ZE OB EMNAED S
m 3. Evaluation of likelihood of adverse effect
FEROELOTEOFEHE
m 4. Judgment of existence of Adverse Effect on
Biological Diversity
O EMEENEEIFELLIBTNOFEZOHE

“The guidance of Implementation of Assessment of Adverse Effect on
Biological Diversity of Type 1 use of Living Modified Organisms. " (Table 3) Body12/14
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Criteria of approval for Type 1 Use Regulations in environment

—EERAREORRBLTOEE

® The competent minister must, when recognizing that no adverse effect that
could pose an unacceptable risk that i impairs the preservation of species or
Eopulahons of wild fauna or flora or no other Adverse Effect on Biological
iversity, give approval for said Type 1 Use Regulations.
T EBAER.EMEHEEENETIETANGNEREO LT E-HERR
RORBELLETNITESEL,
« ("The Cartagena Law”, Article 4, Paragraph 5)

a1 No impair for the preservation of the species or population of the wildlife

s If Japan has experience in the long-term use of the recipient organism of
living modified organism or the species to which the recipient organism
belongs, judgment may be based on whether the degree of adverse effect is
not higher compared to that of the recipient organism or the species to
which the recipient organism belongs.

ﬁﬁéhtﬂiiﬂt%mﬁitl;tflﬂWﬁmkﬁﬁl:iﬂﬁi&IiTB%hﬁWL\tE&&:
' EHF&@EFH?E&@%%EE'CEU ThEEBLTEMEREIRIETRENE
EAEETUNMVINEASHDN D,
» ("The basic matters under the Provisions of Article 3 of \he Cartagena Law”}

Body13/14

Web Sites

m Biotechnology Safety Division in MAFF

1Tto Ay AT 1NTC. Ao pr2ocs/an 3K | 18 |

m Japan Blosafety Cleanng House (J-BCH)

TTED . W L.

AT --.1| _::- ! .||__

Body14/14
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X ThE ji Eljne for commercializa'ion Of GM crops ]'-'\-'\-'\-'\-'\-'m'n.\'n.\'n.'n.\'n.'n.'|'n.'|'|'|'|'.'.'4‘-‘\-‘\|‘-‘-‘-‘-‘-‘-'-'-'-'{-\‘1'1'-

the isolated field test and finally, to large-seale field testing.

Large-scale Field

assessment of the use of (he plant in
isolated 1est Tields. =

1t includes expleration for Data necessary for risk Ihe viewpoint for confirmation

uselul trait. and | assessment of the use of the of safety includes: sequences ol

identification and isolation || developed plant in 1y of profein

of targel genes. - unconfined field should be stence of

. e 2 collected.

Itshould hf' ’{'WT’I“"‘L‘"l'f‘] LD "“?"l"‘i"m_‘_:m Data about quality of the plant. Ihis process includes
Seinia LB pmc":“.!m:h‘mc.“ msc‘” N itcluding vield rate. qualily as a Tallowing: registration as
genes into aFulI. r::dlﬂ\.-rc.nn:mnn. of the Eariiodiry: dnd envirommantal A Ry wrE et
cell. cultiv ation ol the redil r-cnuf\tcd plant. adaptability is cofleeted, multiplication
and data gathering necessary for risk

Commercialization of GM crops has to go through pipeline described as follows, That is, the
crops are developed and their risks are assessed in a siepwise fashion, moving {rom the laboratory to

Test
Research in Isolated about 2 years | i
Primary ' laboratory Field Test 1T ; b |
5 ] », eommercialization
Research i ey 2 iy Confirmation Procedure fuor || i
Lot s e FRARRD Safety as Food and/or Feed
¢ years more
g about 2 years /

W -.-.-.-.-.-.-.J-‘\-o"L‘.I EEEREEEEEENE e e s,
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Environmental risk assessment of
genetically modified crops

Mitsunori OKA
Research coordinator, National
Institute for Agro-Environmental

Sciences
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R B {s TR R O R B
Environmental risk assessment of genetically modified crops

[ s
MSTATEHE NREREEITMIER o —F 4 2 —F—

D=

T OBEORIZ, BE T Y E K S REFEI & AIEFHO 2 >0 TH RO
PRI RE BB LTz, 2003 FRIZRD LIV EZ~FHBEEIZL > T, AME~DLEM
RGN TR MES O A Z MR RRHR N B S S, b Gz Y L
FEAHHL 2 (B & O MTFIC X D BIERH ~D B L EEMII R E > TV D, AR T,
ENIZ B 24 2 EY O A E M AT I M T R OMEREN B, & iz
O SIEMIZE Y A 7S Z E O =7 ) o FHEBRER, LUYEfaz ¥4 XL |7
TAZER eV < A L OZHECET HERIEEOBRK BN T 5,
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[Intcrnalional Workshop of ILSI, 27 July 2006 |
Environmental risk assessment of GM crops

By M. Oka, Research Coordinator
National Institute for Agro-Environmental Sciences

Monitoring experiment

NIAES

The Cartagena Protocol on bio-safety,
& domestic law & regulations in Japan

~ The Protocol was enforced on September 11,
2003.

: o Covernment ratified the Protocol
on November 21, 2003.
- The domestic law, ministerial ordinances &

regulations related to the Protocol was
enforced on February 19, 2004 in Japan.

~ The guideline for the open-air field
experiments of GM crops was announced on
February 24, 2004 in Japan.
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Safety Assessment of

Genetically Modified Organisms

| Widespread of new GM crops, gene flow, contamination etc. — Public anxlety and request for safety |

=

Ve
-

{ Research for safety assessment

]

-

P

(

~
Scientific knewledge >

(7 R
(Rl‘sk-benaﬁl analysis>

4

Informatlon system >

-Development of
environmental
assessmeni methods

+Securlty of GMOs as
foods and fodder
=Advancement of high

techniques lo detect
recombinant genas

&

+ Quantification of
environmental risk
and benefit

Discusslon of
managemant mathods

. = ]

=

Assessment Hems for
envirgnmental Impacts

Environmenial safety
management by risk-
benefit analysis

Storage

information

*Collection and analysis
of GM crop seeds and

Informatlon

o= O L

assessment

Accurate safety

=investigation of
Informatlon and sltuation
In forelgn countrles

Global

trenda Circulation

B3

< =

< Public acceptance >

Consumer [Jevelopment

Judgmant based on
domestlc and abroad

7

trends

-w,.._

Biosafety of GMOs

=

Soclal acceptance of
scientific knowledge

Contribution to foods and
environmental issues

_/-—Seeds

GN erops
ﬁ. Pollens
S - |:>
ot _J

=

epls nt by
hybrid plants
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Bio-diversity assessment & development
1. Monitoring of microorganisms in fields

Fungi & Actinomycetes Bacteria

¢ hacteria
L'V light

Notes:

A: Colonies of fungi and actinomycetes detected on the Rose
Bengal medium,

B: Bacterial colonies appeared on the PTYG medium.

C: Fluorescent pigment-producing bacterial colenies on the PTYG
medium.

D: Detection of fluorescent pseudomonades on the King’s B
medium under UV light.

Bio-diversity assessment & development

2. Allelopathy and Evaluation

Interaction (inhibitory or stimulatory) between plants or
plant to other life by natural chemicals (alleloche -

1. Exudation (from Root)
-——-=> Plant Box Method

2. Leaching (from Leaf)

-> Sandwich Method

——--—-> Dish Pack Method
4. Leaching (from Litter)
——> Sandwich Method |'
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Bio-diversity assessment & development

2-1. Plant Box Method for root exudates

80

Radicle Length of Acceptor (mm’

= Sand culture of GM plants 0
for 1-2 months

s Agar Medium (no nutrients)

® Root zone separation by
gauze

s} 50

.10 20 30 10
Distance from the Rool of Donor ()

Bio-diversity assessment & development
3. Development of evaluation methods
in terms of pollen diffusion
- pollen toxicity and out-crossing -

Setting pollen traps at regular

intervals from corn field Feeding examination

Pollen trap

VT

Pollen

Number
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Impact assessment of bio-diversity
3-1. Bioassay of GM Bt-corn pollen toxicity
Lepidopterous insects

e
2w
i)
£ 5 ?
e °
EE‘S
Qg .
89 A
g5 5
= ¢ A m]

[¥]
|8

5} o
470 940 1,880 3,760 7,520
s i ey el £
Pollen density (grains/cm?)
LD L/ ome)
Paollen density and mortality
of the 1st instar larvae
Black circles and solid line indicate for Bt-corn
variety NAG40Bt

Monarch
Caterpillars
on a milk leal
dusted with

pollen.
Photo by K. Food plant: Oxalis

Loceffler, 1999 corniculata

Bio-diversity assessment & development .
3-2. Evaluation of out-crossing
between GM and wild soybean

Matural growing areas of wild
soybean: Eastern China &
Russia, the Korean Peninsula,
Taiwan & Japan

Pollen
°a

Glycine max
(Soybean)

Lae
Experimental field
of wild soybean
2005, NIAES

Glycine soja
(Wild soybean)
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3-2. Evaluation of out-crossing
between GM and wild soybean

1. Results in 2005

G. s0ja Transplanting

5/27
G. max i \
(AG3701RR) Hybrid individual was found in this pair by strips test
Seeding
6/20= T =
7/5 — T
7/20
] ] I L | L
8/1 8/10 8/20 9/1 9/10 9/20

== Flowering period
B peak of blooming

3-2. Evaluation of out-crossing
between GM and wild soybean

2. Results in 2005

In the pair of G. soja (5/27
transplanting)and G. max
(7/20 seeding)

%+ Intermediate step:
: WO |:> Seeds harvested 22,396
. _ P_ﬂ_ Tested individuals 11,742

Hybrid individual 1

G. soja
G. max (AG3701 RR)

Photo: eperimental filed
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3-2. Evaluation of out-crossing
between GM and wild soybean
Insects visited wild soybean (G. soja)

Major families of insects visited wild soybean:
-~ PH3IHTHE: Thripidae
~ 32\F\FE: Halictidae

FHH F/ F15F: ESXNFFYEIT:
Frankiiniella intonsa

Two photos were cited from websites.

Experimental field in 2006

N

o
|13
S

[]
E

L

75m

{1 O B A
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Monitoring experiments of GM crops
Plants, Insects, Microorganisms
& Out-crossing

rCT'ops: Maize, Soybean, Rice, Candia
~Organizations: NARO(3) & NIAES
~Period: 5 cropping seasons {2001-2006)

TR

Plant species appeared
in canola monitoring field

15
o~ ®: GM canola
= 0: Non-GM cal-nola
=10 |
17
2
[*]
g //
: 5 l@/ During the
= period of
5] suceeeding
E-.‘ cropping
0 Rlpening Before weeding f
Ripening  Before weeding “ Before weeding Before weeding Ripening
2001 2002 2003 2004 2004

Note: Succeeding crop in 2005 was soybean.
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GM corn

|
Q

b |

Non-GM corn

90

s = =
2 2 2 g

0

o

<4

2

EEEH
E9108
BE6HY
Bocha
arige
ali1Ee
HEHE
EHT
[sET4: 44
Doz

|_DZige

R=H:t
BEZHY
grys
Bribe

2005

2004

Bebe
a1ye
aszks
CHI'E
HolE2
arys
_BBZH L
| Bt
HriHL
| BEHL
BotHS
ezl
O
Be6ky
EEIE
EH
Hi1EHL

ezt
|G
Bals_
51215
BZIkS
BEi6
Eoiie
EITT]
otk
Bzl !
Eoi
ErH:

o

Juepd ._%%r:m_.a_u uopendog

2003

2002

2001

Note: Succeeding crops in 2004 to 2005 was Italian ryegrass and non-Gm corn.

/

LA

Bacteria

Fungi

Actinomycetes )/

O

Flower Seed Flower Harvest Seed Flower Harvest Seed Flower Harvest

2001

Seed

o

~

w

w

-

( nos Aap 6/601) Ayisuag

2005

2004

2003

2002

2005 was wheat.

succeeding crop in

Note
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Pollen diffusion & out-crossing with non-GM crops

Large scale monitoring for risk
assessment of GM crops

~ Out-crossing: GM crops hybridize with non-GM crops
and wild relatives, and the newly introduced genes
introgress into the population.
“To analyze the phenomena, a long-term and large scale
manitoring are required”
/Simulation
/Polien diffusion & out-crossing
/Population dynamics of hybrid progeny

“Implementation of empirical experiments for the
guantitative evaluation of the results obtained”

~ The dilemma: The large scale monitoring experiments
using GM crops are indispensable before their commercial
use, while the environmental risk assessments of GM
crops are also indispensable for the large scale monitoring
experiments.

Natural out crossing and Co-existence

Estimation of natural out-crossing using “xenia”
expressed in the endosperm characteristics

I:Glutinous and non-glutinous rice grains l

| Seed coat color of maize grains

Pollen doner

Seed parent

Glutinous
character in
F1 grains




Distance (m)

Pollen diffusion & out-
crossing with non-GM crops
1. Distribution of out-
crossing corn plants and
decline of the rate in field

=

Rows

ERDEED D

Crossing rate (%)

Donor corn

Qut-crossing plants

71" (July 31, 2001)

Fallen pollen No
L

s

[+ I
C [EE] B2 st
pr —

Inside

M M2 K3 NS

Outside of corn canopy

‘ Y= 0.2766+exp(3.5634+(-1,2970) X x)

" R = 09658

»

i} - v w v - L  w

[d i "0 15 Ky 2h Rl 15 a0

Distance {(m}

Out-crossing rate with respect
to distance from donor plants

Pollen diffusion & out-crossing with non-GM crops

2. Out-crossing: Rice

10
# 1975
208 ® 1978
2 4 2003
<06 ®
3 &
(1]
= 04
£
Bl nn IRl e e e e T L |
g02 rt‘. @
.
© 00 PPy | A A e
0 5 10 15 20 25

Distance from pollen donors (m)
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Pollen diffusion & out-crossing with non-GM crops

3. Out-crossing: Soybean

0.3
A 2001
’B'Q‘ ® 2002
‘;0.2 " A
el
@ ®
o
£ 01 +
a ®
<)
G AA
AA
0 —ee—o & =
0 5 10 15

Distance from pollen donors (m)

NIAES, 2001 & 2002

“Risk communication”

Visit of the citizens to GM crop fields
& mutual communication

Explanation of experimental 5
design for residents at
NIAES, 3 June 2006

... . e

Long-term monitoring field of GM soybean
in summer season
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<Summary>

We have had experienced for more than 10 years to study Genetically Modified Organisms (GMO) from many
aspects since commercialization of GMQ. These results have demonstrated less concern of GMO based upon science
world widely. However, in terms of risk assessment of environment and biodiversity all countries do not necessarily
make concert together and do not harmonize well encugh. Therefore, we believe that it is very useful to discuss what
risk assessment is made and how to manage the risk assessment for environment. Based upon the scientific research so
far, now we may tell what we know and what we do not. A sort of harmonization in terms of risk assessment of
environment must be critical. Through the discussion among the stakeholder such as researchers, regulators and
industry people worldwidely, we would like to ind the best way for the assessment based upon science.

For this purpose we had held the "International Workshop on Environmental Risk Assessment / Biodiversity
Assessment of GMO" at Tokyo Metropolitan Art Place on July 27th. In addition to Japanese opinion leaders, we invited 3

speakers from overseas for introducing the situation of US and EU. We had 5 speakers' presentations first and then the

International Workshop on Environmental Risk Members of ILSI International Workshop Task Force
Assessment / Biodiversity Assessment of
Genetically Medified Organisms
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round table discussion together with the other inviled Japanese experts on envitonmental risk assessment.

Invited Speakers and their presentations:

1) Jeff Wolt (Professor, Iowa State University, USA)

Evaluating the consequences of environmental release of genetically engineered crops using principles of
ecological risk assessment

2) Jeremy Sweet (Vice chairman, Europe Food Safety Authority, UK)

Environmental risk assessment and post market monitoring: the European approach
3) Thomas Nickson (Chairman, Risk Assessment of Global Industry Coalition, USA)
Ecological risk assessment for crops derived through modern biotechnology

4) Kentaro Kawaguchi (Assistant Director, Agriculture, Forestry and Fisheries, Research Council, MATF)

Impact assessment of genetically modified crops upon biolegical diversity under regulatory framework in Japan

5) Mitsunori Oka (Principal Research Coordinator, National Instilute for Agro-Envirenmental Sciences)

Environmental risk assessment of genetically modified crops

Round Table Participants:

T. Nickson, J. Wolt, ]. Sweet, K. Kawaguchi, M. Oka, E. Shinmoto (Counselor, Plant Products Safety Division,
MAFF) |, K. Hayashi (Senior Advisor, Society for Techno-innovation of Agriculture, Forestry and Fisheries) , Y. Yogo
(Unit leader of Environment Pesticide Assessrent, National Institute for Agro-Environmental Sciences), K. Wakasa
(Professor of Tokyo Agri. Univ.)

We had more than 80 attendants from variety of fields such as universities, national institutes, administration, local
governments, and private companies. We believe that this workshop could give them a good opportunity to notify and to
discuss the environmental risk assessment based upon sciences. We hope that this workshop will lead to the further

discussion on the environmental risk assessment based upon sciences in Japan.

International Life Sciences Institute of Japan (JLSI Japan):
http:/ /www.ilsijapan.org/
Council for Biotechnology International Japan (CBIJ):

http://www.cbijapan.com/
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EERYMATH D, BENTEENEAEDE LD

BEFHASE Z B2 909 TR (L & 20T 5 BRIC 104 BHMOSHE AT LEMEL T EDIZLEHOD
PlEAERL -, BIEFHRAEDOBEIRZ, &5 2ZklkERL,

PERE LTOREMREBAA, BEICHT 2R KU -2 v g e iR BRALDY 22 FHERTEOR
EDWTHHENZY ZVFMAEL Y AT LD 8 LTl iRz, THROBERETD L L 812, ) A0 5FH
HENTE, TORR. MELPEZEAEFEE O3 CEST 28 FHANOBRREORE TSI LAHNLE
BELL > TREADEFEEFEC L WI3HIE, Zh L7z, MEIR, AFECEOUIRSE, TE. HHFBBEE.
FTICRER E h Ty, RRELELEZAHPSELDEMELBEILHNTE, G

IR, ZO10FMORBSRA, HREKTEDS  KEHIUEHRTIE. SHOOETFRRHDOLY
NTEERRRECET AARRI LY. S<ONE  SREMEHIOS ) HEEDLEREKLRESTb
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¥ i BEREFEAwFFH S (International Life Science Institute Japan)
B o4 7o EHEES (Council for Biotechnology Information Japan)
FAfEH © FRE18E7H27H

2 B mEREEHREFh SEE

BINE * 84A

TR S L

10:00-10:10 (2 U8 (ILS| Japan DiEENI 2L T)
Kt 88— (LS| Japan BER)
10:10-11:10 Evaluating the consequences of environmental release of genetically engineered crops using
principles of ecological risk assessment
Jeffrey Wolt {Professor, lowa State University, USA}
11:10-12:10 Environmental risk assessment and post market monitoring : the European approach
Jeremy Sweet (Vice chair, Europe Food Safety Authority (EFSA), UK)
12:10-13:20 #*E
13:20-14:20 Ecological risk assessment for crops derived through modern biotechnology
Thomas Nickson (Chairman, Risk Assessment of Global Industry Coalition, USA)
14:20-14:40 FIWEAFERICED GBEFEBE A FHOERAN DM ERTM
A fXER (BRAKESE BHAAERHSRESR BiiRkel EREEEMTE)
14:40-15:00 BEFHERAFBOREZETMR
M= (BITBEARRRERTHAFHNE 3—7T132—2—)
15:00-15:30 3
15:30-17:30 B
HEE (PIL7 7Ny RE)
H— (HEFZARRKEXRERERERE > 42— BEER)
=g N1
Thomas Nickson
® =1
A R- (BHKEE HERL2RE #ET)
Jeremy Sweet
BB (RER¥XAF H8)
Jeffrey Wolt (EER)
R EEF (RUITEE AREREENHRR ARIEZVERRRIER)
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A sight of the lecture (More than 80 people attended)

{1) Jeffrey WoltX

[REE) BEIZBI2HEROY 2 7FHEOHEET.
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the risk assessment process |

Effects Characterization

Hazard Measures

S Identfication of Effects 8|
= 2|
A ’ |
g i . Risk _E
'-'é | Sy Characterization ' 3 |
| et ¥ D
L35t L
a i Exposure / |
Assessment

Exposure Characterization
H1 UASFERTZOCZAOEIR (WoltROASA

D)
Figure 1 Schematic figure of the risk assessment
process
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" Safety Assessment Strategy for GM Crops:
Two-step Procedure

1. Identification of differences between the GM
and non-GM crop: intended and unintended
changes

2. Assessment of the safety and the
environmental impact of idenfified differences

» Concept of Familiarity

» Concept of Substantial Equivalence or
Comparative Safety Assessment _

Furypups Fund doluty Anthority

M2 BENEREYUAVFHEE (Sweelt KOS

F&h)
Figure 2 Safety assessment strategy for GM crops:
two-step procedure
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W?h Risk = Hazard x Exposure

» Risk is the potential for harm to occur
» Two distinct components

= The Harm (Hazard)

= 1he Potential to Occur (Exposure)

CICED

My 2006 S) a5l Workshop 3

M3 URZ0OFE (NicksonEEDAS1 KLD)
Figure 3 Definition of risk
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Assessment [tems

Freoary of ving modified arganksms which might carse Adverss Eltect on Elologleat Divarsiy

EMEHRERELCSEIAREOHSBETHERIIESOER

« Competitiveness Haizsifo@®tt
Wildiife may be erowded out from territory.

Propesty of com peling agalnsi wild planis for resources sueh as nutdents, sunshine, habital,
eic. and Inlerfering with ther growth. (Higher growih and reproduction rate, Seed
producllien capaclty, Higher 1plerancs to environmenlal siress sfc.)

+ Productivity of harmful substances

ﬁ% 1?‘71 ﬁo) E HETE Wildife rmay be wipad out by lhe substances.
Property of poducing substances Inlefering with Ihe Iving and growth of wild lives.

—  Alelcpathic agenis, elc

+ Crossability s2 8t  widite maybe replace by the hybrigs
Property af hybridizing whh relzled wild planis and Iransmiiling nuck e acld lransferred bry Lha
lechnolegles regulated by Ihe L Lo Them
- Pollenp capachy, Compallbllity bety pollen and sligma, Rale of feriization,
Germinallen rale of the hybrid seede, Fartllliy of the posiertty, elc.
“The gurdance of Imptementaion of Asseszment of Adverse Elted on Biojogical
Cviraty of Type 1+ use of Lrang Modified Qrganisms “ (Tabis 2)

Body10/14

B4 BFRCHIFLEBLFHMES (IIOKXOAS1F
ENa)

Figure 4 Key items far assessment in Japan
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l. LExudation (from Reot)

Bio-diversity assessmeant & development

2. Allelopathy and Evaluation

Interaction (inhibitory or stimulatory) between plants or
3 pl»antl:n othar life by nafula[chr-mlcals (allc!ochC'r icals)

—-—->Plant Box Method
2.1 cm.htmr {from Leaf)
== Sandwich Method
3. Volatilization (firom Leaf)
> ish Pacl Method
4. Leaching {(from Litter)
> Sandwich Meothod

7Oy = ZOFBREE EEOASA FL
n)

Figure 5 Allelopathy and evaluation
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Thomas Nickson B

I would summarize my talk by saying:

"Environmental risk assessment for GM crops is well
established both scientifically and procedurally. The
general principles agreed to around the world are that the
risk assessment should be science based, comparative,
iterative and inclusive of all information. The challenge
for regulators is to determine what information is
necessary for decision making and what information
would be more academic (nice to know). Efforts to
harmonize risk assessments start with the conseusus
principles wentioned, but public is essential when
deciding between reasonahle or acceptable risk and the
need for more information”

Twould summarize the panel discussion as:

"t was good to hear about the general level of comfort

that Japanese scientist have with biotechnology overall.

There was no strong feeling that the technology or the
current products pose unreasonable risks to the Japanese
public or environment. Much work now needs to be done
to build acceptance in Japan for the current and future
products. This will require scientists being informed with
the high quality, credible information that must come

from both industry and government scientists."

Jeremy Sweet £

I thought the whole workshop was planned very well
and it was good to have the issues discussed in the round
table. I think it was good to ask people to write comments
and then collate the questions so that the main issues and
concerns could be considered and different views
compared. This allowed people from regulatory
organizations to freely express their concerns and
difficulties and allowed every one an equal opportunity.
The list of questions and issues was good and covered a
wide perspective. The discussions were good and
constructive. The workshop was well coordinated by Jeff
Wolt.
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Jeffrey Wolt FX

The presentations and discussion of regulatory
approaches to ecological risk assessments (ERA) in Japan,
the European Union, and the United States showed
numerous similarities in terms of the types of data used
for determinations of environmental safety. Commeon

principles of ERA, which were elaborated in the
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roundtable discussion, are a science-based approach,
comparison of the GM plant to its non-GM counterparts,
use of case-by-case determinations, comprehensive
consideration of all relevant data, and censideration of real
world exposure scenarios. Despite these similarities, there
remain large differences in the timing of data and
assessments. For instance, in Japan, a comprehensive
ERA is conducted for importation, whereas in the EU and
USA the comprehensive ERA is conducted for
commercialization. Additionally, Japanese authorities do
require certain studies that are uncommeon in sather
regions of the world. Regulators in Japan have put deep
thought into the assessment needs for LMOs under the
Convention for Biodiversity, but must yet arrive at a
pragmatic approach regarding the amount of detailed
studies necessary to meet obligations under the CBD.,
HE WBHER
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Members of ILSI International Workshop Task
Force: Takahiko Hayakawa (DuPont: leader), Yoko
Asanuma (Bayer CropScience), Mieko Kasai (DuPont),
Norihiro Zaita (Bayer CropScience), John Breen (Dow
Chemical Japan), Shuichi Nakai (Monsanto Japan),
Shoei Hashimoto (STAFF), Rieko Hatta (Syngenta
Jpan}, Masaki Himejima (Dow Chemical Japan), Kana
Hoshikawa (Monsanto Japan), Hiromi Yamamoto

(Syngenta Japan)
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<Summary>

ILSI Japan Biotechnology Research Committee was organized in 1989 on the occasion of organizing the International
Seminar on Biotechnology.

Since its foundation, the Committee organized many symposia and seminars , and also published several books and
reports which advocated domestic modern biotechnology.

In 2000, ILSI Japan contributed to organize successful meeting of the Pre-Codex Symposium on Food Safety and

Major Achievements of ILS! Japan’s SHOE! HASHIMOTO
Study and Research Chairman
18 Years of ILSI Japan Biotechnology Research Task Force on Bictechnology
Commitee [LSI Japan
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Biotechnology in Chiba, Japan.

After then, ILSI Japan Biotechnology Research Committee has continued series of international and domestic

symposium in which sciences were discussed to help regulatory framework.
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