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CA COST Action CA15223
Modifying plants to produce interfering RNA

+ COST Action Networking Tools
» All Actions

Descripticns are provided by the Actions directly via e-COST.

IMethods to exploit plant defence mechanisms or changing plant
metabolism by RNA silencing show great potential. Interfering RNA can
be used to improve plant composition while enhancing levels of beneficial
nutrients, and to improve plant productivity by suppressing undesirable
traits and switching resources to more beneficial quality and yield

traits. Gene expression in pathogens and pests can be targetad and
plants modified to produce dsRNAs which trigger silencing and affect
essential physiological functions in pest or disease-causing organisms.

Many of the modes of activity of the micro- and small interfenng RNAs
(miRNAs, siRNAs) that mediate the silencing effect are not yet fully
understood and knowledge of systemic propagation, turnover, specificity
etc. of these molecules is imited.

This Action will define and coordinate the most important research tasks
for the development of these novel transgenic strategies across many EU
and nearby countries with inputs from cooperating researchers in
Associated countries in N and 5 America, Australasia etc_.

Activities Include -

a) Evaluation of the efficacy of the RNA molecules for the induction of
disease and pest resistance and metabelic changes .

b) Examination of the specificity of the selected miRNAs and siRNAs
and their impacts on both target and non-target/off-target systems.

t) Developing specific risk assessment and risk management guidelines
which relate specific effects of the miRNAs and siRNAs on food, feed
and the environment.

Al lindarstandinn tha mndes of transmission, uptake, systemic spread
IAs, mi- and siRNAs.

Funded by the Horizon 2020 Framework Programme
of the European Union

inmental and socio-economic impacts of
id products
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+ Description
r Parties

F Management Commitiee

General Information™

Proposer of the Action:
Prof Bruno Mezzetti

Science officer of the Action:
Dr loanna STAVRIDOU

Administrative officer of the Action:
Mr Christophe PEETERS

Downloads*

Action Fact Sheet
Download AFS as .RTF

Memorandum of Understanding
Download Mol as PDE
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»Define and promote the
most important research
tasks for the development
of novel gene silencing

strategies in Plants

*Focus on RNAI
technology, applications,
biosafety, socioeconomic
and communication

*Runs from 2016 to 2020.
*More then 200 experts

are already joining the
network from 34 countries




RNAI a natural mechanism

RNAi inhibits gene expression in a
sequence-specific manner induced by double
strand RNA (dsRNA)

Advantages of this natural molecule:
Cross talk

Mobility
Topical application

BH0)
G- UV-HOO-BHOG O
@‘9‘@‘@‘@.@.@.@@.@@

iPIlanta




RNAi: A NATURAL MOLECULA TO BE APPLIED IN PLANTS

 Direct delivery in the crop plant
(Host induced Gene Silencing HIGS)*

Applications: a) Functional genomic studies, b)
improvement of important agronomic traits

* Delivery via spray-application
(Spray-Induced Gene Silencing, SIGS)**

Applications: Topical application to control pathogen and

pest diseases.

*Nowara et al. (2010) Plant Cell 22:3130
**Koch et al. (2016) PloS Pathogens
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HIGS ENHANCED SHELF LIFE
(Meli et al. 2010)

Silencing of a-Man or B-Hex enhances tomato shelf life:

a-Man and B-Hex normally participate in the degradation of cell wall N-
glycoproteins and the generation of free N-glycans, which further
stimulate ripening

RNAI-a-Man RNAj-§-Hex

(A)RNAi (TO) and wild-type A
(control) fruits were
harvested at pink stage and

10 Days

stored at room
temperature(22-24°C in 55- W
60% relative humidity). s 2y

The  progression of fruit
deterioration was recorded by
time-lapse photography. Time
after harvest is specified by
days.

45 Days
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ARCTIC APPLE -resist browning

Approved by the us PPO Enzyme

Department of Agriculture
(USDA).

RNAi apple with silenced
polyphenol oxidases (PPOs)

CONVENTIONAL PPO ENZYME
APPLE REDUCED

ARCTIC APPLE

Conventional Arctic®

TP Ianta



HIGS — TP Iamnta
Metabolism manipulation by RNAI

2. Nutritional improvement

Celiac disease (CD) is an enteropathy triggered by the ingestion of gluten proteins from wheat and similar
proteins from barley and rye. The only available treatment for the disease is a lifelong gluten-exclusion
diet. RNAi was applied to down-regulate the expression of gliadins in bread wheat. The expression of
gliadins was strongly down-regulated in the transgenic lines. The total gluten extracts were unable to
elicit T-cell responses for three of the transgenic wheat lines. This work shows that the down-regulation
of gliadins by RNAI can be used to obtain wheat lines with very low levels of toxicity for CD patients.
Bread was made using wheat flour with very low content of the specific gluten proteins (near gliadin-
free) and loaves were compared with normal wheat breads and rice bread. The reduced-gliadin breads
showed baking and sensory properties, and overall acceptance, similar to those of normal flour, but with
up to 97% lower gliadin content. Conservative estimates indicate that celiac patients could safely
consume 67 grams of bread per day that is made with low-gliadin flour. The results offer a major
opportunity to improve the quality of life for millions of sufferers of gluten intolerance.

A
Gil-Humanes, Piston, Altamirano-Fortoul, Real,
Comino, Sousa, M. Rosell, Barro (2014) Reduced- wild RNA
Gliadin Wheat Bread: An Alternative to the type !

Gluten-Free Diet for Consumers Suffering J
Gluten-Related Pathologies. PLOS One Volume 9 . :
| Issue 3 | €90898 .| K\

efsa - International scientific workshop: Risk assessment Plan ta

considerations for RNAi-based GM plants

Furnnaan Fond Safaety Authority



HIGS

TP Iamnta

Metabolism manipulation by RNAI

2. Nutritional improvement — allergen elimination

major apple allergen, Mal d1 - Gilisen et al. (2005) J Allergy Clin Immunol 115:364-369
25 % reduction of Ara h 2 content in peanut extract — Dodo et al (2008) Plant Biotech-nol J 6:135-145
Lyc e3 in tomato - Le et al. (2006) Plant Biotechnol J 4:231-242

linamarin content, a cyanogenic substance in cassava by suppression of cytochrome P450 - Siritungam
and Sayre (2003) Planta 217:367-373 and Jgrgensen et al. (2005) Plant Phys-iol 139:363-374

LFS in onion (tearless onion) - Eady et al. (2008) Plant Physiol 147:2096—-2106
beta-N-oxalyl-ami-noala-nine-l-alanine (BOAA) in grass pea (Lathyrus sativus), which is consumed in India,

Bangladesh, Ethiopia, etc. - Angaji et al. 2010. Plant Omics J 3:77-84

International scientific workshop: Risk assessment

Efsa M onsiderations for RNAi-based GM plants —— " lan ta

Euwropean Food Safety Authority



CROSS-KINGDOM RNAI

Evidence from laboratory studies of plants and thelr fungal pathogens Indicates that both parties can fing RNAs
back and forth into the other's calls. Mants appear to use these molecules to resist infection, while fungal microbes
call upon RNA to enhance thesr spread. Both types of organisms achieve their desired outcomes through the same
molecular process: RNA Interference (RNAI, which disrupts gene expression by destroying target messenger RNAS.

A

w -

C—

m

~ >

P

From plant to pathogen From pathogen to plants
wp&'aﬂﬂm“amwmwammmmbaw”o. mmmwuuwmumum
Researchers have engineered the sequence into the ganomes of crop plants or model organisms and demonstrated superior fungal resistance, t0 3id thelr Invasion. Similar to the reverse process, the fungus generatas small RNA

~ aithough one recent study showed plants may naturally encode sequances to protect themselves against pathogens. precursors whose sequances compiement those of plant mRNAs (). A fungal protein

‘Evidence points to the idea that the smail RNA precursors can pass directly to the fungal cefl € or undergo processing into small RNAS shices up the small RNA pracursors to produce smail RNAs €, which are then passed
prior to transter €. If the precursor leaves the plant intact, the fungus's processing machinery chops it up @ . in efther case, the result Is a over to the plant cell via unknown means.

! mn&wuwumamm Inside the plant == ha el Dlse mee

:::m‘a-mme -1 the transcript is essential to fungus growth, the pathogen dies and the plant :-'5'-'-‘:-'3: = P l a n t a



HIGS INSECT AND NEMATODE RESISTANCE

Smartstax maize for corn root worm (Diabrotica) control commercialised in
N America and assessed by EFSA for import into EU.

Research Article

Received: 8 July 2016 Revised: 2 February 2017 Accepted article published: 13 February 2017 Published online in Wiley Online Library: 17 March 2017

(wileyonlinelibrary.com) DOl 10.1002/ps.4554

Evaluation of SmartStax and SmartStax PRO
maize against western corn rootworm and
northern corn rootworm: efficacy and
resistance management

Graham P Head,? Matthew W Carroll,®* Sean P Evans,? Dwain M Rule,”
Alan R Willse,® Thomas L Clark,? Nicholas P Storer,” Ronald D Flannagan,?
Luke W Samuel® and Lance J Meinke*®

Root-knot nematodes

Ibrahim HMM, Alkharouf NW, Meyer SLF, Aly .
MAM, Gamal El- Din AY, Hussein EHA, Matthews
BF: Post- transcriptional gene silencing of
root-knot nematode in transformed soybean
roots. Exp Parasitol 2011, 127:90-99.

IPlanta



- Chewing insects

RNAi activity in tabacco targeting the cytochrome p450 monoxygenase gene
(CYPAE14) of the cotton bollworm, Helicoverpa armigera inhibited expression of
the CYPAE14 in this lepidopteron pest. The inhibition of CYPAE14 expression in
these insects led to their increased sensitivity to the natural defence compound,

gossypol, produced by the plant. (Mao et al., 2011)

Image of larvae on cotton boll.
Larvae previously reared on leaves
of control R15 or ds6-3 T2 plants for  (a) Smal Notl  Xbal sacl
10 days were transferred to cotton pei121 e By I G2E0- TS
boll for another day 472 . W 472
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- | case study:

PRSV-RESISTANT TRANSGENIC PAPAYA

In 1992 a papaya expressing the coat protein of papaya ringspot virus
(PRSV), shown fully resistance to the virus under field condition (Fitch et
al. 1992).
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PPV-SHARKA DISEASE: THE EUROPEAN EMERGENCY IN THE
CULTIVATION STONE FRUIT.
Honey Sweet a new plum cultivar resistant to Plum Pox Virus Infection

O

Non
transgenic Honeysweet

HAIRPIN RNAi GENE CONSTRUCT AGAINST PPV

@Iﬂ-l_l-- Py
QYIS o | M————

Pl HC-Pro

Ravelonandro, M., Scorza, R., Bachelier, J. C., Labonne, G., Levy, L., Damsteegt, V., Callahan,
A. M., and Dunez, J. 1997. Resistance of transgenic Prunus domestica to plum pox virus infec-
tion. Plant Dis. 81:1231-1235.
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A POVERFULL STRATEGY TO SOLVE ANOTHER IMPORTANT
EMERGENCY IN EU, eg. Xilella fastidiosa AFFECTING OLIVE

PRODUCTION

{fronters in REVIEW ARTICLE
MICROBIOLOGY Pt ™ 2satmain 2011 Do

Synthetic RNA silencing in bacteria — antimicrobial
discovery and resistance breaking

Liam Good' and James E. M. Stach®*

! Dapartment of Pathology and Infectious Diseases, Royal Veterinary Collage, University of London, London, UK
¥ School of Bislsgy. Newcastie University, Neweastle upon Tyme, UK
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INDUCING RNAI PLANT RESISTANCE BY INDUCING RNAI
- PRODUCTION IN ROOTSTOCKS

i Susceptible scion —)
) A

Protected fruits

3

Apply RNAI only to rootstock
Transgenic plant

Transgenic
rootstock

Advantages in the use of a silenced rootstock: PUBBLIC
. ACCEPTANCE
Introduce resistance to * The scion maintains its genetic inheritance.
diseases * There is not gene flow because pollen and seed are not LOW
genetically modified. ENVIRONMENTAL

s i Planta



THE RISE OF RESISTANCE

The number of pests (including msect and plant species) resistant to at kast
one form of synthetic pesticide has been steadily on the nse for decades, as has
the cost of developing such chemicals.

WHEN THE e

PESTICIDES
RUN OUT -

g

Cumuletive number of species
g 8 &8 8

B s,
. . . B Fezsstration
Resa.&tunce 18 exhausitmg‘rhe 260 - [ Doveopmant - L
agricultural arsenal against insects, Y gy P
weeds and disease. New biological = -
150
approaches could help. 5 R
EI 11731
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Exogenous induction

3) Application of dsRNA on plant surface by spray.

Viruses o —0 .

Viral gencme

Insect
Fungi
Bacteria

sIRNAS

Contol fruit ripening

Plant Plant Cell

C. Duan, C. Wang and H. Guo (2012) Application of
RNA silencing to plant disease resistance Silence
2012, 3:5.
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— | nature

Plants PUBLISHED: 19 SEPTEMBER 2016 | ARTICLE NUMBER: 16151 | DOI: 10.1038/NPLANTS.2016.151
e . . Very high potentials for controlling
Bidirectional cross-kingdom RNAi and fungal di ‘horticul 1ol
uptake of external RNAs confer plant protection 1seases 1n horticultural plants
Ming Wang', Ame Weiberg", Feng-Mao Lin?, Bart P. H. J. Thomma?®, Hsien-Da Huang?
and Hailing Jin™
ARTICLES NATURE PLANTS 0ot 101038/NPLANTS.2016.151 ARTICLES NATURE PLANTS 00k 10.1038/NPLANTS.2016.151
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Figure 4 | Externally applied Bc-DCLY/2-sRNAs and ~dsRNAs inhibited path irulence on fruits, bles, and flower petals. a, Bc-DCLY/2-dsRNAs
Figure 1| B. cinerea defl dci2 double mutant, but not the defl or dci2 single mutants, displays reduced virulence on fruits, vegetables, and flower petals. and ~sRNAs, as well as YFP-dsRNAs and ~sRNAs, were synthesized and processed, and 100 ng of RNAs was analysed on a native PAGE gel to check the
a, B cinevea doll dcl? double mutant shows compromised virulence on fruits (tomato, strawberry and grape), vegetables (lettuce and onion) and flower petals quality. b, External application of Be-DCLY/2-dsRNAs and ~sRNAs (20 pl of 20 ng pl ' synthetic RNAs) inhibits the vinsence of B cinerea on fruits (tomato,
(rose), and B. cinerea dell and del? single mutants showed simiar vinulence as the WT strain. b, Relative lesion sizes of the infected plant samples were measured strawberry and grape), vegetables (lettuce and onion) and flower petals (rose) compared with the treatments using water, YFP-dsRNAs and -sRNAs. ¢, The
3 days post inoculation (dpi) for lettuce, onion and strawberry and 5 dpi for tomato, grape and rose petal using Image). Error bars indicate the standard relative lesion sizes and fungal biomass were measured at 3 dpi for lettuce, onion, rose and strawberry and at 5 dpi for tomato and grape fruits using Image)
deviations (s.4.) of ten samples. ¢, B. cinerea relative DNA content (relative bi ) was by i PCR. Error bars indicate the s.d. of three software and quantitative PCR, respectively. Error bars indicate the s.d, of = sssslas snt theons fasbaioal sonante fon bl cabutin favian chins cod lathn
technical replicates. Asterisks indicate statistically significant differences (P < 0.01). Similar results were obtained from at least three biological replicates. biomass, respectively. Asterisks indicate statistically significant differences (
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SIGS

Control of Fusarium graminearum by dsRNA directed against Azole

fungicide targets (CYP51 genes) - SIGS setups and systemic uptake
systemic non-sprayed area

CYP3RNA

TE
control

GFP-dsRNA
control

JUSTUS-LIEBIG-
T UNIVERSITAT
GIESSEN

I
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—— Spray

Inoculation
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ANOTHER IMPORTANT EMERGENCY IN EU:
RNAI: virus-induced gene-silencing against invasive
wing-spotted fruit fly Dresophila suzukii
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https://doi.org/10.3389/fphys.2018.00805

- Exogenous application against viruses:
without and with nanomaterials

@

Co-inoculation of virus and dsRNA

PROTECTION

S5days
protection
window

I 1”]: ll“l 1[“; 11“) |||

DICER dsRNA
degradation
on leaf

2 surface

(XA

OR
Spray application

20 days

3
i ]

dsRNA
RISC profected from
dagradation
4 | and slowly
released

D LR (P = 2 oneer

Current Opinion in Virology

Mitter et al., (2017) Induction of virus resistance by exogenous application
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PREVIOUS EXPERIENCE WITH ASSESSMENT OF RNAiI-BASED GM PLANTS

Nutritional
assessment

Assessment of
trait - same as
for protein-
based
modifications

Compositional
analysis

Safety of new
substances

-
»
......
---------

Additional information
included to confirm
that the phenotype is
due to “silencing”

Molecular
characterisation
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Characterisation
of new
substances

Omitted/reduced if

no protein-based
traits introduced
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* efsa International scientific workshop: Risk assessment . % ’:O O Australia New Zsaiand
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considerations for RNAi-based GM plants
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CONCLUDING THOUGHTS

RNAI a natural molecule offering new opportunities for plant
Improvement and protection.

RNAI technology doesn’t produce a new protein

Endogenous RNAI induction can be a durable approach for
pathogens control.

It is possible to downregulate a gene function in particular tissues
and/or organs, while preserving it in other tissues and/or organs or
developmental stages

Systemic silencing signaling: possibility to apply RNAI only to
rootstock.

RNAI is exploited to protect crops from pathogens

Alternative technologies are being explored to deliver dsRNA as a
topical application to trigger the RNAI pathway against pathogens.

IiPIlanta



* Bundesamt fr
b Verbraucherschutz und
Lebensmittelsicherheit

To be or not to be..... GMO

RNAI applications in question

» Stable expression of dsRNA in plants HIGS
 Cis/Intragenic plants no

* Intermediate GMOs no GMO
 Grafting on GM-rootstocks no GMO

Gene editing is GM, says
European Court

RNAI Spray — SICI;;E/OWZOB) No GMO

« Genome editing

TO SOLVE OPPOSITION AGAINST GMO

iPlanta

W. Schenkel BVL
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IPlanta Multimedia on RNAI technology:
https://youtu.be/GPRyXVPsw38
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