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Introduction
▪ This presentation mainly focuses on proteins newly
expressed in Genetically Modified Organisms (GMOs)
▪ Key principles and considerations on in silico tools can be
applicable horizontally to the risk assessment of (new)
proteins from various food and feed areas
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The GMO EU regulatory frame

▪ Proteins newly expressed in GMOs are assessed according
to the risk assessment paradigm
▪ Hazard identification and characterisation
▪ Dietary exposure
▪ Risks characterisation

▪ Newly expressed proteins from GM plants,
microorganisms, animals

DIRECTIVE 2001/18/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 12 March 2001 on the deliberate release into the environment of genetically modified organisms and repealing Council
Directive 90/220/EEC
REGULATION (EC) No 1829/2003 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 22 September 2003 on genetically modified food and feed

COMMISSION IMPLEMENTING REGULATION (EU) No 503/2013 of 3 April 2013 on applications for authorisation of genetically modified food and feed in accordance with Regulation (EC) No 1829/2003 of the
European Parliament and of the Council and amending Commission Regulations (EC) No 641/2004 and (EC) No 1981/2006
EFSA GMO Panel Guidance 2006, 2011, 2012, 2017

Focus on hazard assessment of new proteins
▪ WHAT
▪ Toxicological properties
▪ Allergenicity
▪ Adjuvanticity
▪ Non IgE mediated immune
reactions (celiac disease)

▪ HOW (tools)
▪ In silico
▪ In vitro
▪ In vivo

Key aspects of in silico tools in the EFSA GMO
protein assessment
▪ Predictive role
▪ Specific scope
▪ Toxicology
▪ Allergenicity

▪ Adjuvanticity
▪ Non – IgE mediated immune reactions

▪ Adequate methodology

▪ Appropriate databases
▪ Need to align to scientific and technical developments

Toxicology
Allergenicity
Adjuvanticity
Allergenicity
Adjuvanticity
EFSA GMO Panel 2011

Toxicology
Allergenicity
EFSA GMO Panel, 2010

EFSA GMO Panel, 2006
Risk assessment of
Genetically Modified Plants

Codex Alimentarius, 2003

Scientific Opinion on the
assessment of
allergenicity of GM plants
and microorganisms and
derived food and feed

Guidance for risk
assessment of food and
feed from genetically
modified plants
EFSA GMO Panel 2012
Guidance for risk
assessment of food and
feed from genetically
modified animals

Reg.(EU) No 503/2013

EU risk assessment of new proteins in GMOs:
evolution of in silico tools and strategies
Allergenicity
Non IgE mediated

EFSA GMO Panel, 2017
Guidance on allergenicity
assessment of genetically
modified plants.

ONGOING
DEVELOPMENTS

In silico tools – Hallmarks in Allergenicity
EFSA GMO Panel, 2010
Detailed methodology for predicting allergenicity…
▪ FASTA or BLASTP algorithms to predict overall structural similarities
▪ Validated search and evaluation procedures
▪ Threshold of 35% sequence identity over a window of at least 80 amino acids is
considered a minimal requirement
▪ Calculation of percent identity (PID), on a window of 80 amino acids with gaps so
that inserted gaps are treated as mismatches.
▪ For assessing short peptidic fragments (eg ORFs), a search for sequences of
contiguous identical or chemically similar amino acid residue can be conducted - not
recommended routinely for the identification of potential linear IgE binding epitopes
because of its poor sensitivity or specificity.

…and call for further developments

In silico tools – Hallmarks in non-IgE mediated
immune reactions (celiac disease)

EFSA GMO Panel, 2017
Detailed methodology for predicting celiac disease….

…and call for further developments

In silico tools - Toxicology
EFSA GMO Panel, 2006 onwards
High level methodology…
▪ (Up-to-date) search for homology to proteins known to cause
adverse effects, e.g. toxic proteins.
▪ The database(s) and the methodology used to carry out the
search should be specified.
▪ A search for homology to proteins exerting a normal metabolic or
structural function may also contribute valuable information.

In silico tools – Toxicology: the present
▪ What we do receive
▪ In silico searches (identity to toxins) are based on comparison of
primary sequences
▪ 3Ds, phylogenetic tree etc - occasionally
▪ No harmonised approach
▪ cut-off criteria, databases, etc

▪ What we do know
▪ Protein science has evolved
▪ Insights into protein function and pathogenesis, eg
▪ Molecular mechanisms of action
▪ 3D, phylogenesis
▪ Signatures

▪ Data availability
▪ Golden standard databases
▪ Toxicity prediction tools available

In silico tools – Toxicology: the needs
▪ Time to evolve
▪ Comprehensive information on “toxic proteins”
▪ Better understanding of the pathogenetic mechanisms
▪ Identification of relevant signatures
▪…

▪ Harmonised methodology?
→ Improved prediction of toxicity of (new) proteins
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In silico tools – Toxicology: moving forward
NP/EFSA/GMO/2018/01 : Exploring in silico protein toxicity
prediction methods
▪
▪

Comprehensive collection of proteins with toxic effects (Toxin activity” and
“toxin‐antitoxin strings)
Integrated pipeline and script available

https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/sp.efsa.2020.EN-1875
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