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Degradation of dsRNAs and accumulation of dsRNA in endosomes

contribute to inefficient RNA interference in the fall armyworm
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Shukla et al., 2016 RNA Biology
Yoon et.al., 2017 IBMB



Factors that limit RNAi efficiency in lepidopteran insects

1. dsRNases in the gut and hemolymph 2. Intracellular transport of dsRNA
(dsRNA trapped in endosomes)
Coleoptera
DAPI Rab4 CypHer Merged
Concentration. of body fluid (mg/ml) CBS0
16 8 4 2 1
16 ] 4 2 1
16 8 4 2 1
Lepidoptera |
0.5 0.25 0.125 0.06 0.03
8 4 2 1 0.5
8 4 2 1 0.5 Yoon et al., 2017 IBMB

Singh et al., 2017 Scientific report
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Systemic RNA interference-deficient-1 protein (SID-1)

WT WT SID-1 mutant

pharynx-driven dsGFP pharynx-driven dsGFP

Winston, Molodowitch, and Hunter, 2002 Science

Discovered in Caenorhabditis elegans
Screening for ‘systemic RNA interference defective (sid) mutants’



SID-1 is a dsRNA specific channel protein

Extracellular space
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Feinberg and Hunter, 2003 Science

SID-1 mediates rapid passive uptake

Time (sweep number) Time (sweep number)

Shih and Hunter, 2011 RNA
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Sid1-like protein (Sil) found in most insects

(except Diptera, Mecoptera, and Siphonaptera)

Western corn rootworm,

. ) . .. SilA & SilC artial Miyata et al., 2014 PLoS One
Diabrotica virgifera virgifera P y
Colorado potato beetle . . Cappelle et al., 2016 Insect Molecular Biology
Coleoptera . o SilA & SilC artial ’
P Leptinotarsa decemlineata P Yoon et al., 2016 IBMB
Red flour beetle, . .
o Sil A-C not involved Tomoyasu et al., 2008 Genome Biol
Tribolium castaneum
. Brown planthopper, :
Hemiptera . Sid1 abolute Xu et al., 2013 IBMB
Nilaparvata lugens
Honey bee, . : . .
Hymenoptera . . Sid1 partial Aronstein et al., 2006 J Apic Res
Apis mellifera
Migratory locust, . :
Orthoptera & y Sid1 not involved Luo et al., 2012 RNA Biol

Locusta migratoria

Dowling et al., 2016 Genome Biol Evol

Sil contribution in different insects are variable



Expression of CeSID-1 in insects

O : Improved RNAI efficiency

Cell lines x : Failed to improve RNAI efficiency

O S2 cells (Drosophila melanogaster embryo derived)  Feinberg and Hunter, 2003 Science

O Sf9 cells (Spodoptera frugiperda ovary derived) Xu et al., 2013 Appl. Microbiol. Biotechnol.
O BmN4 cells (Bombyx mori ovary derived) Kobayashi et al., 2012 IBMB

In vivo
x Bombyx mori Kobayashi et al., 2012 IBMB

Effect of CeSID-1 expression in insect cells and in vivo is variable



Sf9 Luc
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SID-1 reduces endosomal accumulation of dsRNA in Sf9 cells
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piggyBacl

Establishment of FAW_SID1 Transgenic line

piggyBacR

GFP negative GFP positive
1# 24 3#  1# 2H# 34

Wild-type FAW

e e e == (CeSid ]

Transgenic FAW

LI S S B e e — 255 rRVA

Epi derm s Fat bo clv Midgut Ma Ip gh Testis Ovary Salivary gland

Transgenic insect screened by GFP fluorescence



SID1 enhanced RNAI efficiency in FAW in a tissue-specific manner
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Expression of CeSID-1 improved RNAi efficiency in Verson’s glands

dsLuc dslAP1
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Nanotechnology to improve RNAI efficiency in

lepidopteran insects
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Improving RNAI in lepidopteran insects

Apoptosis induction Endogenous

Luciferase dassays MRNA levels

] Confocal Microscopy !
Pharmacological With Bioassays

inhibitors Fluorescently labelled dsRNA




Improving RNAI in lepidopteran insects
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*** Nanoformulations
may enhance RNAI in
lepidopteran insects.
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