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GMOs

v'Living organisms that are
genetically modified to
introduce 'new trait(s)

v Different organisms (eg. plants,
fish, insects,"microorganisms)

v'Range of traits that may be
based on production of new
active substances of low
concern (e.g. metabolites,
dsRNA)

v'Range of applications (eg. field,
aquatic, aerial)




Approaches in risk assessment of
GMOs

Approaches for risk assessment of GMOs

v One size fits all approach (GM food and feed, non-living)

v Approaches based on organism and/or traits (contained
use of GMOs)

v’ Decision trees (characterisation of microorganisms)
v’ Case by case approach (ERA of GMOs)

Problem formulation



The first step in environmental risk
assessment (since 1998, EPA)

Used by EFSA to ‘tailor’ ERA of
Problem GMOs

formulation

Worldwide use for fit for purpose
ERA of GMOs




Steps in ERA

EFSA, 2010 Guidance on
the risk assessment of GM
plants

Foedback

v

Environmental Risk Assessment (ERA)

(1) Problem formulation (including hazard
identification)

(2) Hazard (3) Exposure
characterisation characterisation

| |
Y

| (4) Risk characterisation ‘

A
[ (5) Risk management strategies ]

v
| (6) Overall risk evaluation and conclusions ]

v

Overall Risk Management, including
Post Market Environmental
Monitoring (PMEM)




Problem formulation - questions

v" What do we not want to see

harmed? What must be protected?

v' Can we envision a way in which they
could be harmed?

v' How can we assess whether they are
likely to be harmed?

v' Does it matter?

Gray, A, 2012 Problem Formulation in Environmental Risk Assessment for Genetically Modified
Crops: A Practitioner’s Approach. Collection of Biosafety reviews 6:10-65



Problem formulation - steps

v'Policy protection goals? (in legislation)

v'Create a list of undesirable harms and devise plausible
pathways to harm (or pathways to breach protection
goals)

v'Formulate risk hypotheses to test steps in pathway to
harm

v'Identify the information that is needed to test these
hypotheses

v'Develop analysis plans to acquire information for
hypothesis testing

Raybould, 2006 Problem formulation and hypothesis testing for environmental risk assessments of genetically
modified crops. Environ. Biosafety Res. 5 (3) 119-125
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Identify protection goals
and make them
operational

Protection goals

Human health | Animal health |
Environmental health | Soil health |
Water quality

5
Operational/specific protection goals
Ecological entity and attribute to
protect | Maximum tolerable impact |

LSpatTaI and temporal scale of protection
A

Devise plausible
pathways to harm
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Event A
(environmental
release of gene
drive modified

insect)

Event B

Event C Harm

Formulate risk
hypotheses

Identify information
needed to test risk
hypotheses

Develop analysis plans
to acquire (new)
information for

hypothesis testing
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Conduct
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( literat studies or field
e.g. literature monitoring
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approach

Devos et al., 2022
https://doi.org/10.1016/j.
biotechadv.2021.107807



Use of pathway to harm (PTH)
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Use of PTH example 1
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Use of PTH example 2
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Use of PTH example 3
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Highly likely



Pathway 1. Population decline of butterflies by ingestion of pollen of Bt maize

Plausible Pathway
Cultivation of Bt maize

Bt toxin is produced in pollen
Pollen is dispersed by wind

Pollen settles on food plant of butterfly

Butterfly larveae eat the pollen on food
plant

Iriggessiond dease cianser adverse effocs

Butterfly population declines



Pathway 1. Population decline of butterflies by ingestion of pollen of Bt maize

Plausible Pathway Risk Hypotheses

Cultivation of Bt maize

Bt toxin is produced in pollen Bt toxin is not produced in pollen
Pollen is dispersed by wind Pollen is not dispersed by wind
Pollen settles on food plant of butterfly Pollen do not settle on food plant
Butterfly larveae eat the pollen on food Larvae do not eat pollen on food
plant plant
Irgesiend doge cinse advorse offocs Ingested dose is not sufficient to

cause adverse effect on butterfly

Butterfly population declines



Pathway 1. Population decline of butterflies by ingestion of pollen of Bt maize

Plausible Pathway

Cultivation of Bt maize

Bt toxin is produced in pollen

Pollen is dispersed by wind

Pollen settles on food plant of butterfly

Butterfly larveae eat the pollen on food
plant

Iriggessiond dease cianser adverse effocs

Butterfly population declines

Risk Hypotheses

Bt toxin is not produced in pollen

Pollen is not dispersed by wind

Pollen do not settle on food plant

Larvae do not eat pollen on food
plant

Ingested dose is not sufficient to
cause adverse effect on butterfly

Analysis plan

Check data in dossier

Assess existing information

Assess existing information

Assess existing information

Field survey to determine if
pollen shed of maize coincides
with larval stage on food plant

Test toxic effect of Bt pollen on
butterfly as compared to non-Bt
pollen, using a tiered approach
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Risk Hypotheses

Bt toxin is not produced in pollen

Pollen is not dispersed by wind

Pollen do not settle on food plant

Larvae do not eat pollen on food
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Ingested dose is not sufficient to
cause adverse effect on butterfly

Analysis plan

Check data in dossier
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Field survey to determine if
pollen shed of maize coincides
with larval stage on food plant

Test toxic effect of Bt pollen on
butterfly as compared to non-Bt
pollen, using a tiered approach
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Tiered System

xample - Hazard Assessment Planning for NTOs

Tier O:
Problem formulation

No further studies required

Tierl:
Data generation
(worst-case)

Tier lI:
Data generation
(refined exposure)

Tier lll:
Data generation
(realistic exposure)

TierIV:
Risk management
(PMEM, mitigation)

[x] = measured
concentration in plant

>10[x]

1[x]

Laboratory

Laboratory

(Semi-)field

Adapted from Garcia-Alonso et al., 2006. Environmental Biosafety Research 5:57-65



Multiple Pathways to Harm

Bt maize By allergenic reaction to toxin
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Flexible

Can be used for a wide range of potential stressors
(living or non-living)

Advantages
of using

Focuses on most plausible pathways to harm

Problem Focuses on most critical steps in pathways to harm
Formulation

Results in clear analysis plan (if new data are
needed)

Transparent
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