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Current GMOs – Plant transformed to produce new protein
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Emerging GMOs – Plant transformed to produce new RNA

Biological processes of dsRNA

• RNA is the genetic information unit responsible for protein
synthesis or inhibition
• Double-stranded RNA (dsRNA, miRNA, siRNA) is a
regulator of the gene silencing pathway (protein
inhibition)
• This is refered to RNA interference pathway and has
been discovered as a natural gene control systems in
plants, animais and fungi

Biological processes of dsRNA
• dsRNA inhibits mRNA translation in a sequence
homology dependent manner
strand 1
strand2

siRNAs

strand 1 of dsRNA
needs to bind unique
strand of mRNA

Does dsRNA get rapidly degraded?
• Spraying crude dsRNA extracts inhibited sugarcane mosaic
virus infection (maize dwarf mosaic disease) in field grown
maize (Gan et al., 2010)
No spray
Spray with
dsRNA
extract healthy

with dsRNA
extract symptoms

• Wounded rice leaves soaked into
Agrobacterium suspension with plasmid
expressing dsRNA (Andrieu et al., 2012)

Exogenous triggers – promote effective systemic
supression of endogenos genes and infecting pathogens

Does dsRNA get rapidly degraded?

• Plant miRNAs are present in human and animal sera
and organs
• The exogenous mature plant miRNAs in food can pass
through mouse digestive tract and enter the sera and
organs
• Plant MIR168a binds to exon 4 of mammalian LDLRAP1
and decreases LDLRAP1 protein level in vitro

Does dsRNA get rapidly degraded?
Lin Zhang et al. npg
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Animal miRNA as control
Absolute levels (RT-qPCR)

•30 different plant miRNAs in
animal serum
•5% of circulating miRNA is plant
•also found in mouse liver, small
intestine, and lung

“Mammalian cells could selectively pack miRNAs into MVs in
response to different stimuli and then secrete these MVs into
the circulation of animals or culture medium. Cell-derived MVs
could further efficiently deliver miRNAs into the recipient cells
where these exogenous miRNAs regulate the expression of

Is dsRNA inherited?

• exposure of the aphids to double-stranded RNA
(dsRNA)-producing transgenic Arabidopsis thaliana
• Target genes were also down-regulated in nymphs
born from mothers exposed to dsRNA-producing
transgenic plants
• RNAi effect lasted twice as long (12–14 d) in these
nymphs.

dsRNA amplified off-target effects
dsRNA is specific, but can have unintended
effects

RNA dependent RNA polymerases produce
new dsRNA (secondary dsRNA) from
mRNA+miRNA complexes!
Besides the effective target silencing, a
total of 840 genes were regulated in at
least one experiment (one siRNA
sequence) at the 95% confidence level.
(Semizarov et al., 2003)

dsRNA amplified off-target effects

Amplification (production of other new siRNAs) is unpredictable!
We don’t know when it is going to happen and what siRNAs sequences will
be produced.

The small amounts of dsRNA required for gene silencing
and larval mortality suggest an amplification pathway in
which ingested dsRNAs are processed to siRNAs,
presumably within insect gut epithelial cells, which may
prime the synthesis of more abundant secondary
siRNAs, as has been proposed for C. elegans.

dsRNA off-target effects
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• shRNA-transgenic pigs for inhibiting classical swine fever virus (CSFV)
replication
• great induction of interferon
genes
in transgenic
Abstract:(IFN)-responsive
RNA interference (RNAi) is considered
as a potential
modality for clinical treatment and anti-virus animal
breeding. Here, we investigate the feasibility of inhibiting classical swine fever virus (CSFV) replication by short hairpin
(shRNA) in vitro
and their
in vivo. Weprocessing
generate four different
shRNA-positive clonal
and two types of
• abnormal expressions ofRNA
miRNAs
and
enzymes
arecells
also
shRNA-transgenic pigs. CSFV could be effectively inhibited in shRNA-positive clonal cells and tail tip fibroblasts of
shRNA-transgenic pigs. Unexpectedly, pigs,
an early lethality
due to shRNA issaturation
observed in these shRNA-transgenic
pigs.
observed in the livers of shRNA-transgenic
indicating
of
With further research on shRNA-positive clonal cells and transgenic pigs, we report a great induction of interferon
shRNA-positive clonal cells, altered levels of endogenous microRNAs (miRNA), and their
miRNA/shRNA pathways (IFN)-responsive
inducedgenes
by inshRNA
processing enzymes in shRNA-positive cells. What is more, abnormal expressions of miRNAs and their processing
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enzymes are also observed in the livers of shRNA-transgenic pigs, indicating saturation of miRNA/shRNA pathways
induced by shRNA. In addition, we investigate the effects of shRNAs on the development of somatic cell nuclear
transfer (SCNT) embryos. These results show that shRNA causes adverse effects in vitro and in vivo and shRNAinduced disruption of the endogenous miRNA pathway may lead to the early lethality of shRNA-transgenic pigs. We
firstly report abnormalities of the miRNA pathway in shRNA-transgenic animals, which may explain the early lethality of
shRNA-transgenic pigs and has important implications for shRNA-transgenic animal preparation.

• What is the dose regime for animal/humans feeding dsRNA-expressing GM
plants ?
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Scientific evidence around dsRNA
safety
• Is dsRNA rapidly degraded in the environment and
digestion?
 Preferential trasmission or retential (packing and protecting)
 Cross-kingdom regulation by microRNA
 Persistence and transgenerational effect

• dsRNA can be generally recognized as safe (GRAS)?





Sequenced determined effects
Systemic effects
Amplified effects
Specific biochemical functions – saturation

 Regulators should be testing dsRNA for thir safety!

Challenges
Spray dsRNA – air containment?

Summary

• Genetic engineering process can create both primary and
secondary dsRNAs

• These dsRNAs may be amplified and persist in recipient
organisms
• Since active dsRNAs are small, there may be many unintended
targets
• Emerging developments could see pesticide sprays and direct-toconsumer products intended to transfer dsRNAs
• dsRNA spray could be considered in-field transformation
technique

Genome-wide microRNA expression profiling reveals pleiotropy in
transgenic crops. Sarah Zanon Agapito-Tenfenab*, Vinicius Vilperteb*, Terje
Ingemar Traavika, Rubens Onofre Nodarib (under submission). – EFSA

