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What is RNA interference?
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Potential hazards posed by RNAI plants

Risk= f(Exp)*f(Hazard)

 Sequence independent effects
* Immune stimulation
e Saturation of the RNAi machinery (e.g. Dicer)



Receiving environment -
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Any stressor

Climate,
Altitude,
Soil, Water,
Flora, Fauna,
Habits, etc

GM Plant

Crop variety,
Genetic modification,
Intended use, etc

Interactions

Land use,
Production systems including
Integrated and other Pest Management,
Non-production activities,
Nature conservation, etc

Traditionally, ERA has been conducted
using a standardized set of surrogate
species, using a tiered approach from
laboratory studies to mesocosm or
field studies, only if problems at a
lower tiers arise

The Guidance document of the
European Food Safety Authority
(2010) on GM plants firstly elevated
the importance of the receiving
environment in ERA.

This approach is now included in the
rationale of the CBD

Geographical Zones

Management Systems



Components of the receiving environment
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Arpaia, 2021 Ecotoxicol. Environ. Safety



The case of Crylf maize

Danaus plexippus originally chosen
as a surrogate species, its LC50
>24750 pollen grains. In 2005
EFSA issued an opinion accordingly

 New studies conducted with European
species indicated a higher sensitivity to
Cry1f (unlike the case of Cryl1Ab)

Based on the use of a mathematical model, he EFSA
GMO Panel concludes that there is a risk to certain ¥
highly sensitive non-target lepidopteran species

where high proportions of their populations are ™. Efsa-
exposed over successive years to high levels of

maize 1507 pollen deposited on their host-plants and European Food Safety Authority
recommends that mitigation measures are adopted to

reduce exposure in such situations



Selection of focal species
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Non-target species selection -

1. Soil organisms (Van Capelle et al., 2016)

Eight earthworm species belonging to the family Lumbricidae were ranked as
relevant. Finally, the earthworm species Aporrectodea caliginosa (endogeic,
secondary decomposer) and Lombricus terrestris (anecic, primary decomposer)
were selected as focal species. In the Mediterranean region L. terrestris may be
substituted by the more relevant anecic species L. friendi.

2. Herbivores (Lazebnik et al., 2017)

Aphids listed as the most collected phloem feeder in the EFSA arthropod database
in different regions and second most collected species on potato giving it high
relevance as a focal NTO. Second, the species is amenable for rearing



Evaluation of possible exposure
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Selection of “focal species” p s
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— e — Christiaens et

~ oot al., IN preparat
Coleoptera Hymenoptera \ Diptera ME!M‘% Lepidoptere ’ p p
(beetles) @ (bees, wasps, ants) ; (flies, mosquitoes) - -~ (moths,
P : butterflies)
m Hemiptera J‘Q ~ Orthoptera

(aphids, bugs) (locusts, crickets)

Acari

(ticks and mites)

Intermediate sensitivity

Pan et al., 2020

C. 7-punctata A. axyridis C. maculata H. convergens

10



Physiological exposure
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RNAI requires cellular uptake of small RNAs (dsRNA usually)

Entry into the body
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Physiological mechanisms preventing RNAi efficacy

Extracellular stability of dSRNA in the insect body
(nuclease activity in the saliva, midgut and haemolymph)
Lepidoptera, Diptera, Hemiptera, Coleoptera and Orthoptera

Saliva of Lygus lineolaris digests double
stranded ribonucleic acids (Allena and
Walker, 2012);

Degradation of dsRNA by salivary
secretions in aphids (Christiaens et al.,
2014), Nezara viridula (Sharma et al., 2020)

A Lepidoptera-specific nuclease is highly //f" E
expressed in the gut and capable of

Nucleus ell membrane
degrading dsRNA in Ostrinia furnacalis Ribosome C i mem
(Guan et al., 2018)

Two closely related African weewil species indicated a v J
significant difference in RNAI efficacy upon oral uptake of :
dsRNA, which is associated with a difference in dsRNA Mitochondrian Ciiopiasm

degradation rate in the gut (Prentice et al., 2017).



Cellular uptake and endosomal release of dsRNA

 Caenorhabditis elegans: Systemic RNAi defective
(SID) proteins;

* Orthologous proteins to C. elegans SID-1, called SID-
like (SIL-A, SIL-B and SIL-C), have been identified in
several insect species , however not all mechanisms
have been clarified;

* C(Clathrin-mediated endocytosis in insects

formation of
clathrin-coated vesicles

. mlm
- SIL protein clathrin
By Grant, B. D. and Sato, M http://www.wormbook.org/chapters
(Transferred from en.wikipedia to Commons by Vojtech.dostal.)



RNAi SilenCing EfﬁCiency Christiaens et al., 2018, EFSA Supporting Publications

Nematoda

 RNAI in C. elegans is very efficient (injection, soaking, feeding), due to an
expanded RNAi-related gene repertoire

* RNAI in other nematodes is variably efficient, often showing a more rapid
recovery compared to C. elegans.

Arthropoda
« High variability in RNAI sensitivity between arthropod classes, orders, species

and even populations, especially when delivering the dsRNA orally

» Coleoptera: some of the most sensitive species (CPB, WCR: ppb doses)

» Lepidoptera: Less sensitive in general

« Diptera in general less sensitive for oral delivery, due to cellular uptake-related
issues

« Hemiptera: Evidence for population/lab strain dependent efficiency

» Other orders: variable efficiency



Possible physiological mechanisms
involved

Uptake and process - Both lepidopteran and
coleopteran cell lines and tissues efficiently
took up the dsRNA. While the dsRNA
administered to coleopteran cell lines and
tissues is taken up and processed to siRNA,
the dsRNA is taken up by lepidopteran cell
lines and tissues but in many experiments was
not processed to siRNA (lack of physiological
exposure).



dsRNA formulations

In order to overcome barriers to physiological exposure
or environmental lability, technology is exploiting
possible use of nanoparticles, nanogels, dsRNA
carriers (Ribonucleotide Proteins, Cationic Liposomes)
Guanylated polymers, etc.




List of target genes
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Plasmid Annotation Length  Nearest Mortality'  Stunting’
Drosophila
ortholog

plC16000 putative ubiquitin conjugating enzyme 298 bp CG5440-PA + +
plC16001 putative swelling-dependent chloride channel 272 bp CG4924-PA - -
plC16002 putative glyceraldehyde-3-phosphate dehydrogenase 492 bp CG12055-PA + +
plC16003 putative glucose-6-phosphate 1-dehydrogenase 282 bp CG12529-PA - -
plC16004 putative chitinase ortholog 493 bp CG9357-PA - -
plC16005 putative v-ATPase D subunit 1 287 bp CG2934-PA + +
plC16006 putative ADP-ribosylation factor 299 bp CG8385-PE £ +
plC16007 putative juvenile hormone esterase ortholog 303 bp none - -
plC16008 putative transcription factor 11B 430 bp CG5343-PA + +
plC16009 putative cytosolic juvenile hormone binding protein 390 bp CG1532-PA - -
plC16010 putative actin ortholog 440 bp CG10067-PA + +
plC16011 putative chitinase ortholog 735 bp CG9357-PA + +
plC17503 putative a-tubulin 924 bp CG1913-PA + +
plC17504 putative v-ATPase A subunit 2 765 bp CG3762 + +
plC17505 putative v-ATPase E 899 bp CG1088 + +
plC17506 putative ATP synthase chain A 790 bp mt:ATPaseb - i
plC17509 putative endoglucanase 823 bp none - +
plC17512 putative ADP/ATP translocase 937 bp CG16944-PD + -
plC17514 putative activating transcription factor 894 bp CG8669-PA + +
plC19514 putative mRNA capping enzyme 594 bp CG1810 + +
plC17553 putative apple ATPase’ 884 bp CG2331-PA + +
plC17554 putative ribosomal protein L9? 642 bp CG6141-PB + +
plC17555 putative ribosomal protein L19? 652 bp CG2746 + +
pMON30691 putative 26S proteosome regulatory subunit p28 1115bp CG10504-PA - -
pMON30693 putative chromodomain helicase-DNA-binding protein 336 bp CG8103-PA + +

399 bp CG9277 + L3

|1)_M0N30694 putative B-tubulin
S

ignificant mortality or stunting at an applied concentration of >520 ng/cm?

2 identified as part of the Monsanto Devgen collaborative research agreement

Baum et al., 2007
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Experimental protocols for dsRNA g =

The most relevant route of exposure for NTAs in nature is likely to be
oral. A different effect can be obtained when dsRNA is directly
injected into the body of specimen (Powell et al., 2017).

The range of MOA to be explored is much wider (some are completely
new)

A designed NTO study of sufficient length should allow for the
elucidation of sublethal effects, as gene silencing is expected in
many cases not to induce acute lethal effects, but may lead to
delayed ortransient effects (Vargas et al., 2008; Kumar et al., 2012).

In planta tests are applicable for the study of pathogen resistance
induced via RNAI, for instance, by modulating the expression of
membrane surface proteins. This type of proteins cannot be tested
in isolation, therefore in planta tests can be effectively used to
assess impacts on NTOs.



Sequence independent effects
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Immune stimulation.

* RNAi developed evolutionarily as a natural defense mechanism against viruses in

invertebrates.

* Can recognize dsRNA as a virus-associated molecular pattern, and therefore

activate an antiviral response.

* Recent studies described a non-sequence-specificimmune response to dsRNA in

honeybees and bumblebees (McMenamin et al. 2018, Viruses)

Saturation of the RNAi machinery

 So far, this phenomenon has not been reported in invertebrates.



Potential off-target, non-target and unintended effects
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Insects 2013, 4(1), 90-103; doi=10.33580/insects4 010090

Article

Non-Target Effects of Green Fluorescent Protein (GFP)-Derived Double-Stranded RNA (dsRNA-GFP) Used in Honey Bee
RNA Interference (RNAI) Assays

Francis M. F. Nunes '.7* &, Aline C. Aleixo 1.7* &, Angel R. Barchuk 2 &, Ana D. Bomtorin 1 &, Christina M. Grozinger ? & and Zila L. P. Simdes 4 &

Table 1. Number of honey bee genes displaving different expression levels i response
to green fluorescent protein-derived double-stranded RNA (dsRNA-GFP) treatment
during worker development. Genes with significant expression levels at FDR < 0.5
(Experiment 1) and adusted p < 0.05 (Experiments 2 and 3) are reported.

Experiment Upregulated Downregulated Total
Prepupae 1 203 591 794
Lanae 2 239 %: 9 423% 5 662
Adults 3 4 1 5

Total 446 1,015 1461
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