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<+ Biotechnological tools > RNAi (RNA interference)

< HIGS (Host Induced Gene Silencing) > GMO > EC 2001/18 & EC 1829/2003

< SIGS (Spray Induced Gene Silencing) > PP > EC 1107/2009

———

Introduction

Current Challenges in Agriculture

EUROPEAN

< Going through the new era of the European Green Deal, the need for more
sustainable methods to control plant pests and diseases is a necessity.

< A targeted 50% reduction in chemical pesticide use is a key objective under
current sustainability policies.

< Developing innovative and sustainable solutions for plant protection

Bioprotection
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Citrus vs. Penicillium digitatum

“» Green Mold of citrus fruits caused by the fungus P. digitatum
<+ Opportunistic pathogen> Entry through wounds

%+ Is considered as the most important postharvest disease of citrus
fruits

» It accounts for approximately 90% of postharvest losses

% Postharvest application with synthetic fungicides (Imazalil,
thiabendazole, pyrimethanil etc.)

<+ Risk of resistance development and increasing consumer concern
about product safety = Leads to the search for alternative control
methods

———
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¢ RNA interference (RNAI) is a natural gene-silencing mechanism found in
eukaryotes

\ 4/ . —. RISC
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¢ Ttis triggered by double-stranded RNA (dsRNA) >leads to the degradation
of specific messenger RNAs (mRNAs)

¢ Dicer processing: dsRNA is recognhized and cleaved by Dicer (an \ /
endonuclease) into short fragments (siRNAs) (~21-25 nucleotides). L ey Py

¢ RISC assembly: siRNA (antisense) is incorporated intfo the RNA-
induced silencing complex (RISC).

¢ Target recognition: The siRNA-loaded RISC scans cellular mRNA
molecules for sequences complementary to the guide strand.

¢ Argonaute: After binding to the target mRNA-> cleaves the mRNA,
leading to its degradation and gene silencing.

— R —
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Aims of the study

Evaluate the effectiveness of dsRNA Investigate the control efficacy

application against P, digitatum on of siRNAs against P. digitatum
citrus fruits

Selection of target genes & in vitro
synthesis of dsSRNA
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Selection of target genes and in vitro synthesis of dsRNA

Existing literature The Idea Control efficacy of dsRNA

Ece”s = Develop a SIGS-based In vitro synthesis of dsRNA

Silencing Dicer-Like Genes Reduces Virulence and

sRNA Generation in Penicillium italicum, the Cause b i OfU n giCid e ( M EGASC rl ptTM R NAi Kit)

of Citrus Blue Mold

, Yaeming Jiang 220, Yang ( )
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Selection of target genes
" :§> - - :>

Y essential for the RNAI In vivo efficacy assessment

°°“"“‘f machinery J on citrus fruits:
BT 99900999 00099 A o Oranges (cv. Salustiana)
- “Ilj i IIHI “" o Mandarins (cv. Satsuma)
} Eyy: } , f 2y AGO1 & AGO2 || DCL1 & DCL2 o Lemons (cv. Maglini)
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In vivo efficacy assessment on citrus fruits

Plant Material Experimental Design

Sample Setup Incubation . Disease Severity
Conditions (cm)

Temperature:
25°C

Incubation dur. : Disease Pressure
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In vivo efficacy assessment on orange fruit | AGO1 & AGO2
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In vivo efficacy assessment on orange fruit | DCL1 & DCL2
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In vivo efficacy assessment on orange fruit

5 dpi Disease Inhibition

(%)
» dsRNA targeting the AGO1, AGO2, and

DCL1 genes exhibited sig. lower DPI 8
values compared to the control.

» Application of dsAGO1, dsAGO2, and
dsDCL1 inhibited disease development
by 95%, 97%, and 98%, respectively.
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In vivo efficacy assessment on orange fruit

5 dpi Disease((lyn)hibition

» dsRNA targeting the AGO1, AGO2, and
DCL1 genes exhibited sig. lower DPI 8-
values compared to the control.

» Application of dsAGO1, dsAGO2, and
dsDCL1 inhibited disease development
by 95%, 97%, and 98%, respectively.

10 dpi
» dsAGO1 and dsAGO2 maintained low

disease levels at 10 dpi, indicating
sustained silencing.

Disease Pressure Index (cm)
F-9
1

» dsDCL1 efficacy declined over time,

suggesting reduced silencing at 10 dpi. 0
Control AGO1 AGO2 DCL1 DCL2 GFP
> Application of dsAGO1, dsAGO2, and Treatment
dsDCL1 inhibited disease development BE 5dpi E= 10dpi

by 75%, 86%, and 48%, respectively.
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In vivo efficacy assessment on citrus fruits
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» Similar results obtained from other citrus fruits

» The effectiveness of dsAGO1 was higher compared to
dsAGO2

» The disease inhibition for all tested citrus ranged from 75-
94%
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In vivo efficacy assessment of siRNAs on orange fruit

In vitro production of siRNAs Experimental Design

J siRNA produced usin : i ji
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In vivo efficacy assessment of siRNAs on orange fruit
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siRNA treatments achieved high disease control

efficacy, ranging from 92% to 99%
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Small RNA Sequencing

Aim

siRNA sequencing assembly on gene of interest (pd_AGO1)

..‘.3

» Investigate which siRNAs are

-

the most effective (size, Small RNA Sequencing
sequence)?
Bioinformatic Analysis
FastQC: Sequence Length Distribution
— B ]
_‘-—L.L‘_
) . lllumina NextSeq
Experimental Design 10M depth
GenXpro (Germany) —r— e p—
» Perform small-RNA eccomrmcceneace |

[AAGCAGTACTTTCG 14

sequencing on the siRNAs ;
generated from dsAGO1 ; -
» Bioinformatic analysis
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Small RNA Sequencing

‘ " Antisense
> 19,482,770 reads were sequenced o rremerann v r o :
l% e I ___—— — "

» The majority of small RNA sequences were U iEEEm mmaas e e '

mapped on the gene of interest
» Most of the siRNA sequences identified

A . Antisense GeTeaGaeTArGE

with a size of 22nt Sy

> siRNAs with a size of 18-21nt were w

characterized as (+) strand siRNA (

) Fraction of sRNAs' size class

100+
90+

> The (-) strand RNA ( ) were
mostly noticed on siRNA with the size of
22-30nt

80+
70+

60+
50
40+
30+
20+

Strand Distribution (%)

> The majority of antisense siRNAs were

identified in the siRNA class with 22nt
(essential for gene silencing) i e e

Strand distribution of SRNAs by size

18 19 20 21 22 23 24 25 26 27 28 29 30
Small RNA size (nt)
Bl Sense (+) siRNAs B3 Antisense (-) siRNAs
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Conclusions

OAmong all target genes the highest control efficacy was noticed in dsAGO1 & dsAGO2

OThe results obtained for the dsRNA targeting DCL1 & DCL2 revealed low efficacy against

Green Mold disease

OThe application of dsAGO1 and dsAGO2 demonstrated high efficacy against P. digitatum

across various citrus fruits and incubation periods.
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Conclusions

OsiRNA applications exhibited greater control efficacy compared to the dsRNAs targeting the
genes AGO1 & AGO2

OThe siAGO1 and siAGO2 resulted in high disease inhibition rates (>92%) after 10 days of

incubation

O0Small RNAseq revealed the prevalence of 22nt antisense siRNAs targeting AGO1 gene based

on the reference sequence
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Next Steps in Progress Cy3-dsRNA

‘ ‘ De novo synthesis of the most abundant
antisense siRNA identified through small
RNA sequencing

In vivo assessment of the synthesized
siRNA on citrus fruits Cy3-siRNA

Monitoring the localization and movement of
siRNA vs. dsRNA on citrus fruit using Cy3-
labeled siRNAs/dsRNAs and confocal
microscopy
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