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Ghent Innovation Center - RNA-based biocontrols

Based on RNAI mechanism Research focus Ghent team:
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dsRNA

v" Unique MoA: targets mRNA

v" High selectivity: based on sequence homology
and uptake barriers

v" Low environmental impact: Al is RNA
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In Planta Delivery of dsRNA for insect control?

« Possibility to target pest insects that do not feed from/at the surface of the

plant:
- Sucking insects
Plus e -
- Mining / burrowing insects
» Possibility for systemic spread by plant vascular system
In planta expression of RNAI trait Topical application of dsRNA (spray)
« GMO > perception / public acceptance * dsRNA Production:

* High R&D / registration costs
» Continous production / presence of dsRNA in the

plant
« Expression of dsRNA might be insufficient
* No on-field treatment required .
* Only for high value / volume row crops .

» Upscalable, cost effective,
* in line with regulatory requirements

Delivery challenge, dsRNA uptake by plants:
* Formulation
* Application technology

Control of timing and dose of dsRNA
Broader application range: smaller niche markets
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In Planta Delivery of dsRNA: entry routes, obstacles and challenges

» Foliar uptake?

Palisade
Parenchyma —

ik SO - Cuticle (wax layer)
’ - Via stomata?
 Stability of dsRNA in the plant?

» Systemic spreading of dsRNA in
the plant and via xylem or
phloem?

Pa?epr?&gyyma —

* Entry into plant cells?

- Cell wall
- Cell membrane
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Attempts to deliver long dsRNA to plants via foliar application

_ . _ _ Vortik spray technology
* Aim: elicit a plant phenotype with topical Vortik spray techology

application of long dsRNA

Inspired by Monsanto’s Biodirect™ technology

* Physical wounding (abrasion)

Adjuvants / spreaders (Silwet)

_ ‘( L
Biolistics W i
A F eave as

I a spray

Forced uptake through physical penetration of
the cuticle (Vortik technology)

0.5% guar gum
20cm height
2.5 sec

0.2% guar gum

- No evidence for effective foliar delivery of dsRNA 2z
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Can dsRNA penetrate through the cuticle?

Isolation cover

SEM;, ¥solated cuticle

Sampling ports

Desomtion
chamber

« Assay based on isolated apple cuticles

« dsRNA alone or in combination with formulations
(e.g. Silwet L77)

- o

PE—— —

Controlled air humidity

S « Detection of transferred dsRNA by
“ + < + Controlled water tem perature ° H P L C
] .
C: D o . » Fluorescent tagging of dsRNA
Schematic of the isolated cuticle set-up ° Bioassay (SenSitive CPB bioassay)

» No evidence of dsRNA being able to cross an intact cuticle based on
Insect bioassay, HPLC, and fluorescent tag recovery
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Uptake of dsRNA in plant cells

Buffer
only

Buffer +
0.05%
Silwet

Confocal Microscopy

Control
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Tobacco BY2 cell line

Screening of factors that enhance uptake

RNAI trigger alone  §¢
Silwet L77

Riken CPP
Brassinosteroids &
Polyethylenimines

Cell wall inhibitors 3¢
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Effect of dSRNA on Luciferase expression in Arabidopsis cell lines

300.0

35S:LUC CSC, treated with dsRNA & PEI 48h treatment (n=6)

|
[ } [ m dsLUC/PEI complex
= dsGFP/PEI complex
HdslUC
W dsGFP
\ T T \
160 120 80

hepes 40pg/mi
0.1M

250.0

200.0

* Generated cell suspension cultures from the [
following Firefly Luciferase expressing 1000
Arabidopsis thaliana lines (obtained from NASC)

N9966 35S: LUC+ Ws-0 300/ \

- N24939 RD29A:LUC C24
- N67900 RD29A:LUC Col(gl1)
Both root & leaf derived cell cultures LUC W+ PEI (polyethyleneimine) LUC dsRNA

0.0

‘ Significant RNAIi effect with high [dsRNA] and PEI

&
8 Syngenta Ghent Innovation Center Classification: PUBLIC Syngenta



Uptake and transport of biologically active dsRNA by cut leaf
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mortality (%)

MQ dye only Lds009.1

* dsRNA (target and control (GFP) dsRNA + dye provided in liquid dsRNA can be taken Up by Capi”ary
solution. uptake and can move through the plant

* L Il k up the liquid for about 20 hours. - . - . . .
eaves were allowed to soak up the liquid for about ours ‘ in sufficient amounts to elicit mortallty

* No contact between the liquid sample and the leaf-surface.
* |eaf discs were cut from each leaf and fed to CPB larvae. CPB larvae
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Delivery of dsRNA : hydroponic Tomato / CPB model

Leaf disks
Tomato 00000 XYY
000000 e00000®
e0000® — > o0ecee®
Cut o000 LIy
u CPBs feeding on CPBs transferred
stem / leaf disks 48h to diet for 9 days

Bioassay 6,24,48h after soaking
— —» > Quantification of dSRNA

Cut — |
roots |
Soaking in dsRNA
solution
4
Non-cut .
roots
Whole plant
g
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Quantification of dsRNA uptake by Quantigene™

Cut stem: Quantification of dsRNA in one leaf disk, 2, 5 and 8h after soaking, at different plant levels
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dsRNA amount at different level of the plant
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» dsRNA spreading more intensively in the apex and younger leaves
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Cut stem: dsRNA uptake, activity and stability in plant tissue

« Stability assay of dsRNA 7/14 days after soaking

Y Y

Q00000
00000
. — —s 000000
00000
d0: Soaking dsRNA solution until uptake Transfer to growth medium  d7/14/21: Bioassay
Tomato in soil, Cut stem, VS1, day 7 Tomato in soil, Cut stem, VS1, day 14
188 138 o —e—day -14 GFP
80 80
70 70 —®—ay -14
o o Lds009.1 lo
C:_\G 28 —e—day -7 GFP % 28 leaves. h
5 0 —@—day -7 Lds009.1 ; 40 Lg>5/0_09.1 apex
3 30 —e—day 0 GFP = 28 —0—day 0 GFP
ig —e—day 0 Lds009.1 10
0
0 —@—ay 0 Target B
0 1 2 3 4 5 6 7 8 9 SRR
Time (days) Time (days)

Very good stability in the vascular tissues for at least 14 days,
= dsRNA not transported back to other tissues
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Uptake of dsRNA by roots

| Cut roots Intact roots
Hydroponics
90 100 e
e 90 \
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0 1 2 3 4 5 <] 7 8 9 10 0 1 2 3 4 5 6 7 8
] Time (days) Tlme days
Soil drench
Concentration | Volume | Amount | Activity in
(ng/pl) (ul) of Bioassay
) dsRNA
dsRNA solution ﬁ-..
around the stem
VS1 0.025 2000 50 -
VS1+ 0.05 5000 250

mm) Efficient uptake of dsRNA by cut roots, not by intact roots
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Conclusions

* No evidence for effective foliar delivery of long dsRNA (situation might be different for short

dsRNAs, siRNAs and miIRNAs?)

dsRNA cannot cross an intact cuticle

Effective uptake and RNAI effect (Luc) with high [dsRNA] and PEI in Arabidopsis cell line

Successful uptake and spreading of biological active dsRNA by cut stem plants:

- More intensively in younger tissues (apex and young leaves)
- Very good stability in the vascular tissues for at least 14 days
- No remobilization of —stored- dsRNA to newly formed leaves

Efficient uptake of biological active dsRNA by cut roots (hydroponics) but not by intact roots
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