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Development of pathogen-resistant seedlings by direct introduction of
double-stranded RNAs
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The objective of this study is to develop safe and secure vaccine seedlings
resistant to soil-borne diseases by introducing dsRNAs directly into crop seedlings and inducing RNA
interference against pathogens. We have established an experimental system to monitor the behavior
of fluorescent (Cy3)-labeled dsRNA using a fluorescence microscope, and confirmed that dsRNA
absorbed from the roots of young tomato seedlings is transferred throughout the body. For the
purpose of producing vaccine seedlings against tomato wilt fungus (Fusarium oxysporum f. sp.
lycopersici, Fol) that grows in tomato xylem, we found that treatment with dsRNA of two genes

involved in the growth and pathogenicity of Fol inhibited spore formation of Fol.

RNA RNA



RNA RNA(dsRNA) RNA mRNA
RNA 20
RNA
dsRNA
DNA DNA
RNA
RNA
DNA RNA
RNA
RNA
Fusarium oxysporum
RNA
RNA
RNA RNA
(1)dsRNA
dsRNA in vitro RNA Promega, T7 RiboMAX Express
Large Scale RNA Production System
(GFP) dsRNA (GFP-dsRNA)
Fusarium oxysporum f. sp. lycopersici, Fol) Thioredoxin reductase
(TrxR) X Y dsRNA
dsRNA
Cy3 dsRNA Cy3-UTP(Cytiva) in vitro RNA 1 (20uL)
lul Cy3  dsRNA

@ (Fol) dsRNA



100mL (PDB) 25 3
4 Fol
5x 10%spores/ml
Fol 54 g dsRNA 100y L PDB 130rpm, 25
dsRNA Fol
€))
(KEYENCE, BZ-X700)
*
Fol (Merck) 1
®)
Fol
(1)GFP
dsRNA RNA GFP
GFP Fol GFP31 GFP-dsRNA  5u g
GFP GFP-dsRNA
Fol dsRNA
(2)Fol dsRNA
(Thioredoxin Reductase, TrxR)
dsRNA
(Sclerotinia sclerotiorunm)
(McLoughlin et al., 2018) TrxR-dsRNA
Fol TrxR-dsRNA GFP-dsRNA
Fol
3)Fol Y dsRNA ( X
Y
X
RNA Fusarium
oxysporum Y
Y Fol

(PDA) 25 5 Fol 5mm

Fol X



Y
dsRNA

dsRNA 5
Mg 5x 10%pores/ml
Fol 10u |

JA=—tr X (N E)

1
0.8
04
0.2

0

25 3 DW GFP
dSRNA B4 Fol DRFEITHT B dsRUAG IR
dsRNE B g B 10%spores/ml @Fal 10x | FES L., EXE#ROD
NICET. IgMEESE®RI o0 — Yy IEBFEL =, W, dsRNAES:
A0; GFP, GFP-dsRNA; X, #-dsRHA; Y, Y-dsRHA,
X-dsRNA Y-dsRNA
GFP-dsRNA dsRNA
(4)Fol X y dsSRNA
Fol X dsRNA Y dsRNA
100up L PDB 5x 10%spores/ml  Fol 5u g
dsRNA GFP-dsRNA, X-dsRNA, Y-dsRNA
dsRNA
37 77T T2 120
dsRNA 100
1l
& 80
dsRNA %
1u g X- = 60
dSRNA Y-dsRNA N 40
20
dSRNA 1y g 0
DW  GFP
GFP-dsRNA
Elz FolDRETERICHT 2 dsRHAD SR
SH g CFP- ypgueL POBEAEIEMIC. 5 10%pores/n | BED
dsRNA dsRNA Folf@F&5ee dsRNAFEFHIL . 2 OMBEEOR
FHEEAFEL =, DY, JdsRNAESAD; GFP, GFP-
dsRN&: ®, B-dsENE; Y, Y-dsRNA.
(5) dsSRNA
Fol dsRNA
Fol dsRNA
dSRNA Cy3
dsRNA
dsRNA dsRNA
dsRNA

Cy3 dSRNA



dsRNA

dsRNA
dsRNA
Cy3
A dsRNA
dsRNA
dsRNA
dsRNA dsRNA
Cy3 B
dsRNA dsRNA

dsRNA

3 b HESRERAAOEIREdRIADE A

AL TodsRNADIR (8) & £ U (B SDiEmiE~OEB A, (A) 1188
b7 FEIEEID ng/ el Cy3EMdsRNAERICIEL 1 BRICAEEOhSE T
FEEhm N/ EARRE L . CyvID A L wiiEyy (K58 TEEL . (B) 3850
b b OE—F TR, ERERITee/5000 L CrIfZfidsRNETRICIEL .
3 HRICEREOE U SWA EERL Cy3EN (R TEEL I

McLoughlin AG, Wytinck N, Walker PL, Girard 1J, Rashid KY, de Kievit T, Fernando WGD, Whyard S,
Belmonte MF. (2018) Identification and application of exogenous dsRNA confers plant protection

against Sclerotinia sclerotiorum and Botrytis cinerea. Sci Rep 8:7320.



5 5 4 2

Bensoussan Nicolas Dixit Sameer Tabara Midori Letwin David Milojevic Maja Antonacci 10

Michele Jin Pengyu Arai Yuka Bruinsma Kristie Suzuki Takeshi Fukuhara Toshiyuki Zhurov

Vladimir Geibel Sven Nauen Ralf Grbic Miodrag Grbic Vojislava

Environmental RNA interference in two-spotted spider mite, Tetranychus urticae, reveals dsRNA 2020

processing requirements for efficient RNAI response

Scientific Reports 19126
DOl

10.1038/s41598-020-75682-6

Tabara Midori Koiwa Hisashi Suzuki Nobuhiro Fukuhara Toshiyuki 146

Biochemical characterization of the dicing activity of Dicer-like 2 in the model filamentous 2021

fungus Neurospora crassa

Fungal Genetics and Biology

103488 103488

DOl
10.1016/j . fgb.2020.103488

Kuriyama Kazunori Tabara Midori Moriyama Hiromitsu Kanazawa Akira Koiwa Hisashi Takahashi 103

Hideki Fukuhara Toshiyuki

Disturbance of floral color pattern by activation of an endogenous pararetrovirus, petunia vein 2020

clearing virus, in aged petunia plants

The Plant Journal 497-511
DOl

10.1111/tpj . 14728

Kuriyama Kazunori Tabara Midori Moriyama Hiromitsu Takahashi Hideki Fukuhara Toshiyuki 39

The essential role of the quasi-long terminal repeat sequence for replication and gene 2022

expression of an endogenous pararetrovirus, petunia vein clearing virus

Plant Biotechnology 405 414

DOl
10.5511/plantbiotechnology.22.1017a




Tabara Midori Yamanashi Riho Kuriyama Kazunori Koiwa Hisashi Fukuhara Toshiyuki 11

The dicing activity of DCL3 and DCL4 is negatively affected by flavonoids 2022
Plant Molecular Biology 107 116
DOl

10.1007/s11103-022-01314-4

RNA

85

2021

https://ww.tuat-global . jp/food/2020/team-2020/3972/




Texas A&M University

The University of Western
Ontario




