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S1 Factors on dsRNA stability, cellular uptake and safety important for
RNAIi in agricultural pest insects

O Guy Smagghe (Ghent University)

In recent years, RNAi has been established as a promising novel control approaches
against important pest insects. The strategy aims to control pest insects by
exploiting the natural RNA1 gene silencing mechanism to knock down genes that
are essential for the insect’s growth and survival. The most practical approach to
achieve this is by orally administering dsRNA, specific for the target gene. However,
the sensitivity of insects to RNA1 triggered by exogenous dsRNA is highly variable.
Factors affecting RNAi sensitivity in insects include the stability, cellular uptake,
cytoplasmic release of dsRNA in the insect body and biosafety for instance in
natural enemies and pollinators. Here, we have data on variable RNAi responses and
the barriers involved for different insect pest species, including stinkbugs,
beetles/weevils, caterpillars and aphids. Furthermore, I can present our newer
results on dsRNA delivery strategies that are being developed to improve RNAi
efficacy.

S2 ERMERROLE Y —F vy 2L 3BbHoO~LFY AL N E—4 v b
ORWB mA (BHRKFE)

TN E TICHMIA I 32 ¥ O F& B K /E % 2 IRAC(Insecticide Resistance Action
Committee) O BICHHE N TWVWD, TOMNLEEPEEAEDOMHRKRD 2 W IXHHIZIE
T 25260 THDL, Mk - HOMBEICFEETL2MREEWEOLE T X — (5 &K
Ty RIEEIEA T F v 32 0) 3. 200 FEGEROTICE RO BFER LN FET
% multi-site target & L TEHETH L, AHEFRR (IRACTZ7 LV —7 2A) 7 ==L ¥
7= FRFEBH (IRAC 7 v — 7 2B) I TMEIHEMEEEME v-7 2/ BE¥E (GABA)
DLt H—ThHod GABA EE M CI'F v /v (GABACI) OfLIZH A L., CliEil %z 7
0y 735, ikili,GABACl Z % — 7 v hE T H5HBERFA 7L A X I NETr T
7 =Y K2, IRAC %» ﬁ% TN—7 30 L LTCHREICMb o=, £z, 24 h I
TNVT T XINF T E I CEBIEEME CI'F v 2V (GluCl) 2L E 4 572, GABACI & &
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B202 Regulation of Vitellogenin Receptor by Target of Rapamycin in Ornithodoros moubata (Acari:
Argasidae)
Meryem Behri' - DeMar Taylor' (! University of Tsukuba)

In the tick Ornithodoros moubata, the yolk protein precursor vitellogenin (Vg) is synthesized by the fat
body and midgut after a blood meal. Vg's uptake into oocytes appears to be mediated by vitellogenin
receptor (VgR) . We determined the function of VgR in O. moubata and investigated the role of the Target
of Rapamycin (TOR) pathway in the mediation of VgR by analyzing expression in reproductive tissues and
rapamycin-treated ticks. VgR was expressed in the midgut, fat body, and ovary. After blood-feeding,
expression in the ovary was upregulated in mated females, thus VgR functions primarily in Vg uptake. VgR
levels were detected from 2days after the blood meal in mated females. Levels continued to increase until
day 8in control ticks. In ticks injected with rapamycin, VgR expression was detected at low levels from day
6. The reduction of VgR via rapamycin indicates that TOR mediates VgR transcription.
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B206 C. kariyai (Ck) & C. ruficrus (Cr) ®OARVY K7 4 )y ZZEGe L 72 % F M Ek O RNAseq g #T
OF KE BW I T3 HORER Y WA MENE S S B H b R Y BERAE K
BE T AREE - EdrE - BRI N)

Ck&Criz7zvabuygymzHFLEL, CKiTEB»ORIMT T, CridaMoRICEET L., 2
NS 2FITEINFICRY) FFIANVAEBREEFEAL CHEFEOEKGMS 2 HET 52 & 25905
NTwn, 22T, AMETEFEOMKTEIATLIMEFEED T T a4 )V (BV) »a £l
RCHBET LBETFOHEUEEMEEZILEL, BVOBGETEFERIERLTOENDLL, FEIC
* 9 5 stage-specific ZEWEHOLNICT LI EEZHME L, FFICK BV & BB EH L TG
SR -MERD RNAseq 70 5, JEREGMER & L L T CkBV T 387l DO EIEZT 27 v 7L F 2L —
&N, CrBV CEHBI9EO BTN Y L Fal—rbENTWwWri Ffhoavwa NFRFA
OBV ERBT LI ETT X)) Yy, XYFXA Y, CrVllike, CRL 2 F ¥, Y AYF ¥~
EPl-like, p%4, PTP, VA VAWM HL D @EET 7 7 I ) -/ T528HEETHEL, CkBV &
CrBV @ #H R4 & AHE M % Bea) L 7=,

B207 Autophagy Inducers and Inhibitors Reveal the Relationship among Autophagy, Wolbachia and Rice
Str(i)pe Virus within Laodelphax striatellus (Hemiptera: Delphacidae)
Achmad Gazali Gazali' - Ardhiani Kurnia Hidayanti Hidayanti' - Yohsuke Tagami’ (' Gifu
University + “Shizuoka University)

L. striatellus is one of the most important agricultural pest insects and vectors of Rice Stripe Virus (RSV)
which causes rice stripe disease. It's infected by several endosymbionts including Wolbachia. Autophagy, a
cell defense mechanism, regulates RSV and another symbiont including Wolbachia within the insect cells.
We will reveal the relationship among autophagy, Wolbachia, and RSV within L. striatellus and trace a
chance in controlling rice stripe disease caused by RSV using autophagy manipulation by inhibitors and
inducers. Real-Time PCR and quantitative reverse transcript PCR are used to determine the extracted DNA
and RNA relative densities of them which are treated by Rapamycin, Spermidine, Metformin, 3MA, and
Chloroquine. We report that Autophagy, RSV, and Wolbachia relative densities are in the opposite manner,
and autophagy suppresses RSV harder than Wolbachia relative densities. Based on the study, Spermidine
and 3MA as an autophagy inducer and inhibitor exhibit the best chemicals - related autophagy in deleting
RSV load within L. striatellus.

B208  Panonychus J& /N5 = O 5y O BLIK & [ 5 { ,
CteE 430k " - Mohamed W. Negm® - #AH I ° (' Gk K% - P FMoA S - HAN

1F57—%)

Panonychus @N% Z I3 HAFE USROS NTWE, L2 AHD, W OO TIZIZFDOREIAT
BTHo7N, IA4ATEAPELFHELZVWE EOMENERINL TS, &I, ZOHo 2
Bifsnhsz., 2F 03 oy = (Poctri) OV =& ZINTWI2 P hadzhibejliae (Arabuli et
al, 2016) &, FV T ¥ AL EINTIRTOY A4 TEERDFIEDNAETH o 72 P. caricae (Arabuli
et al, 2020) THAH. L7 BEMLREH I N TW DB P lishanensis & P. globosus ® % 4 7 1AK%
ELHFELET, BFICBREOFAGORFRME FAHZEmPIALCIE O A, HAZOBEZ P LIIZ T
BVHDH) IZOVWTIZHRFTOLESEX HLI00, MEIPORERETLRERIZE> TRV,
AL, REOBIRIZOWTHEFWL2MER L EDICHET 5.
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2016 F A TR I N AFNE 7Y NI BARM (FEA - B8 2019) HE4E, EEMIC
SRR LTCHBY, ZFHEOEHEBLAFTHEHE THOITILEAEORERKE (ARK) 2"BRHECE
B HESIZFORRNEZBEOPICT LD, RHEMOBETH2IE L, RHEMEHEOTE
A L7z, AR B2 meCOI @ PCR-RFLP (AR S 2020) 12 X 0 RAH B %247 - 72 A R# (2011
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EBOARFLIWFIADAREBOF A2 HBMEAETOMKK L CRMMAH S, 2HMKEICIH
DOWFAEBIL 72, W@ ERP bS8, REARERHEOMHEZEE L. M7 & D RIEA K
maEsN, RLEXEZREBEICIT 7225, ADFTAEBOAADFE, £ AL ADRXAZE
CEBDOARAL XM EELGEOAR, REERDPEON L7 FLEXRTORMBR DM
EHRELZD, BOXAAEADFALDOF FIMEXREL o7 (52:100). MO REH Mk
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D301 Comparison of some characteristics related to the conservation of Orius spp. between the two
varieties of okra
Okt S - SR FEUEC - Rl F= Y CBIEREEEMIER - P WE R R

Okra Abelmoschus esculentus has been suggested to be effective as an insectary crop because of the
occurrence and establishment of Orius spp. on it. Also, it has been confirmed that Orius spp. feed on pearl
bodies secreted from okra, but details on the potential of conservation have not been clarified. In Japan,
many varieties of okra are cultivated, and previous studies have reported that the number of Orius spp. is
different among several varieties of okra. To compare characteristics among varieties 1s important to know
the factors of effectiveness. Therefore, in this study, we compared four indexes; a number of pearl bodies
and seasonal occurrence, olfactory response, and fecundity of Orius spp. between the two varieties, Earlyfive
and Marumichan. In the field survey, the numbers of pearl bodies and Orius spp. were both significantly
higher in Marumichan than in Earlyfive. In the olfactory response test, significantly more individuals selected
Earlyfive than Marumichan. As for the number of oviposition, no significant difference was observed
between the two varieties. These results suggest that Earlfive has a higher potential for attracting Orius
spp. and Marumichan has a higher potential for retaining Orius spp.

D302 WINTER ABUNDANCE OF FRESHWATER SNAILS AND AQUATIC ORGANISMS IN
IRRIGATION CANALS
© YUDISTIRA DWT' - fciE & ' (" I K2 B2 )

Winter can be a challenge for freshwater snails and other aquatic organisms. Previous studies suggested
that snails have positive effects on the rice plant performances and biodiversity in the rice paddy fields. In
general, the rice paddy fields are commonly drained during winter while waters occasionally remain in the
irrigation canals. This study investigated the abundance and habitat of freshwater snails in those canals in
three different areas, Yutagawa (Y), Oyama (O) and Takasaka (T). in Tsuruoka, Yamagata prefecture. As a
result, distribution of snail species significantly varied in the areas. For instance, the density of Bellamya
chinensis in the area O and Y averaged more than 8/m? and this halved in the area T. The density of
Semisulcospira libertina averaged about 40/ m”in the area O, and this decreased to 1/41in the area Y. Habitat
preference also varied between those two species, the former was more likely to present on mud, while the
latter more likely on the canal walls. In the presentation, possible factors and its mechanism affecting their
abundance will be discussed.

D303 Establishment of model plant nutrition control system and effects of plant nutrition on Aphis
gossypii (Glover) host preference
vy FrrFahF e HA KGR~k Nl B Svy vt
AT MK - N KE CWIEBERY P91 230 VP RETT 4V V)
Although plant nutrition is known to alter the host preference of aphids, existing literature is conflicting
and remains a center of controversy. Therefore, we developed model plants and examined the effect of plant
nutrition on Aphis gossypii host preference. First, tissue culture potato plants were grown under low,
medium, and high K and N levels, and then measured their growth and nutrient composition. Later, we used
dual choice tests to examine plant’'s K nutrition effect on A. gossypir host preference. For each test, 30new
adult apterae were released and counted on plants after 24 hours. Shoot biomass and K concentration were
significantly higher in plants grown under high K than under low K. The high K plants had significantly
lower shoot Mg concentration that the low K plants. The A. gossypii significantly preferred low K plants
more than the high K plants and medium K plants more than low K plants. Our study established a model
for plant nutrition control and showed that plant K nutrition affects the A. gossypii host preference. These
results are useful in plant nutrition studies for integrated pest control management.

D304 Neuronal control of reproductive dormancy in the fruit fly Drosophila melanogaster
OHOK KR A B 2 - Nouzova Marcela® - #4111 - 0 B iE R A G-
Noriega Fernando® - 4 B/ (F Sk R4 BRI A28 R - R FEEFE S A F
I ARV Y — P T u ) FEBKY - EMERREREL - E N E RS ZERT -
AL K A i BE AR W ZERL)

Many insects respond to seasonal and adverse environmental changes by entering dormancy. In some
insect species, including the fruit flies Drosophila, dormancy occurs in the adult organism and suppresses
oogenesis, known as reproductive dormancy. In many cases, reproductive dormancy is induced by a
downregulation of juvenile hormone (JH) biosynthesis in the corpora allata (CA). However, it is still largely
unclear how JH biosynthesis is downregulated under dormancy-inducing conditions at the molecular and
cellular levels. In this study, we found that a subset of neurons, producing a certain type of neuropeptide
(Peptide X), projects directly to the CA in Drosophila melanogaster. We also found that a Peptide X receptor
is highly expressed in the CA. Interestingly, even under dormancy-inducing conditions, null mutants of
Peptide X and Peptide X receptor did not suppress oogenesis but rather produced mature eggs. Consistent
with the observation, the titer of JH I in Peptide X null mutant flies was higher than the titer of JH I in
control flies. These results suggest that the Peptide X-producing neurons negatively regulate reproductive
dormancy by controlling JH biosynthesis.
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D305 The noni fruit Morinda citrifolia has a beneficial effect on glucose tolerance in the fruit fly
Drosophila sechellia
?W%ﬁ B TR B A SRR R B B G AR Ay A B Ay s ER R R 2R B
PRI RFEEESAF I AR ¥ —)

Some organisms consume various food resources (Generalist), while others feed on limited resources
(Specialist). However, it remains largely unclear how they adapt to distinct nutritional conditions. We aim to
tackle this question using the closely-related fruit flies Drosophila melanogaster (D. mel) and Drosophila
sechellia (D. sec). Recently, it is reported that the generalist D. mel feeds on plants with various carbohydrate
contents in nature, while the specialist D. sec specifically consumes a low-carbohydrate noni fruit, Morinda
citrifolia. 1t 1s also suggested that different responses in gene regulation and metabolism affect their
carbohydrate tolerances (Watanabe et al, Cell Rep. 2019 and references therein; Watada et al. Genes Cells
2020). In this study, we found that nutritional components also affect carbohydrate intolerance of D. sec.
Under high-sugar diets, D. sec lived significantly shorter than D. mel. Moreover, the circulating glucose level
and triacylglyceride (TAG) amount were higher than those of D. mel. Intriguingly, when D. sec adults were
reared under high-sugar diets with the noni fruit, their lifespan was significantly extended. These results
suggest that the noni fruit has a beneficial effect on D. sec.

D306 Quorum Sensing Related Chemicals Affect Cytoplasmic Incompatibility (CI) by Wolbachia in
Liriomyza trifolii (Diptera: Agromyzidae)
© Ardhiani Kurnia Hidayanti' -+ Achmad Gazali' - Yohsuke Tagami’ (' UGSAS Gifu University -
?Shizuoka University)

Wolbachia are common ubiquitous endosymbiotic bacteria found in Phylum Nematoda and Arthropoda
especially insect. Cytoplasmic Incompatibility (CI) is one of insect reproductive manipulation mechanisms
induced by Wolbachia. Unidirectional CI occurs when an infected male mate with a female uninfected.
Wolbachia induced CI can be used advantageously as a tool for insect population control. Quorum sensing
(QS) is a cell density-dependent communication process between microorganisms. Several chemicals can
induce or inhibit quorum sensing. To enhance CI, we try to induce CI using QS inducer (Spermidine,
N-Acetyl-L-Homoserine Lactone, and N-3 Oxododecanoyl L-Homoserine Lactone). We also use a QS inhibitor
(4-Phenylbutanol and 4-Nitropyridine). The result shows all QS inducers decrease egg hatch ratio or increase
CI-Wolbachia mechanism (induces strong CI), whereas QS inhibitors increase egg hatch ratio or repress CI
(Low CI) in Liriomyza trifolii.

D307 Effects of Wolbachia infection on life history traits in azuki bean beetle Callosobruchus chinensts
and its parasitoids under climate change
“Phyu Phyu San' - Midori Tuda' (' Kyushu University)

Endosymbiotic bacteria Wolbachia can manipulate host reproduction; cytoplasmic incompatibility (CI)
affects host fitness and plays significant roles in shaping host's ecology and evolution. How on-going climate
change could affect life history and population dynamics of insect community when infected with Wolbachia
1s unknown. Azuki bean beetles are infected with two strains of Cl-inducing Wolbachia. We tested how a
Wolbachia strain could affect the plasticity and adaptation of the beetle and its parasitoids by comparing
their fitness under control and climate change (+2 C and double CO,) conditions. A pair of beetles with
different infection status (double, single or double X single) was provided with beans and the number of
eggs, survival rate, development time, longevity and sex ratio were recorded for two generations. A pair(s)
of each (two) parasitoid(s) were provided with host larvae with different infection status and parasitism rates
were recorded. This study will show predictable direct/indirect Wolbachia effect on host and its parasitoids
under climate change.

D308 License to kill males: a male-killing associated prophage WO was identified from comparisons of
closely related Wolbachia strains in Homona magnanima ,
Ot K P2 il s 2 R - NI HEA 5L IEANY - Al F 0 - Lin
Shiou-Ruei® - - H H ' - Mtk Feh'- BRBA - HHE Bl (BT RERE - 2 -°E
R - K OIL - P EEMHI - A 7at 2 PRk F 7 54 7AIFH-° BoK - oEmT -
CHREIRELBT)

A serious tea pest Homona magnanima (Tortricidae, Lepidoptera) is frequently infected with
endosymbiotic bacteria Wolbachia. Two Wolbachia strains wHm-c and wHm-t, identified from each Japanese
and Taiwanese H. magnanima population, are identical based on several typing genes, however, only wHm-t
causes male Killing on H. magnanima. Here, we aimed to detect genomic regions responsible for the male-
killing phenotype of wHm-t. Comparative genomics of the wHm-t and wHm-c strains identified a 74 kb
deletion on the wHm-c genome, which was a certain Wolbachia phage WO. Field surveys and metagenomic
re-sequence analysis revealed the WO region was conserved in wHm-t but not in wHm-c and was associated
with the occurrence of male-killing. Furthermore, bioinformatics analysis revealed that the WO region
encoded several virulence-associated effector genes. In sum, the WO 1is likely to be a key driver for
differences in outcomes of the male-killing phenotype between the closely related Wolbachia strains in H.

magnanima.
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D309 Wolbachia in Camellia Spiny Whitefly, Aleurocanthus camelliae and its two parasitoid wasps
(Hymenoptera: Aphelinidae)
“ Eko Andrianto’ + Shunya Kuranouchi® - Jessica Adelaide Kapojos® - Atsushi Kasai® (‘UGSAS,
Gifu University - “Shizuoka University)

Wolbachia is the alphaproteobacterial endosymbiont of insects that mostly maternally inherited causing
many reproductive alternations of insect hosts such as sex ratio distortion, male-killing, and parthenogenetic
induction. In this study, we have revealed the high prevalence of Wolbachia infection in Aleurocanthus
camelliae. The diversity of Wolbachia in A. camelliae was determined by targeting wsp and ftsZ genes. The
results showed that it was clustered into two groups (A and B) and belong to supergroup B. Multilocus
sequence typing (MLST) was performed and revealed novel strains with sequence type (ST) that unrecorded
yet in the database. Old samples collected during the first invasion (2009-2011) of A. camelliae showed
several strains of Wolbachia that were typically clustered into strains of parasitoid wasps, Encarsia and
Eretmocerus. Unrecorded parasitoid wasp belongs to genus Eretmocerus parasitize A. camelliae in Kyoto
and Shizuoka Prefecture were discovered. We discuss the diversity and horizontal transmission of Wolbachia
among whitefly and its parasitoid wasps.

D310 The end of colony: termite workers steal nitrogen source under king-absent condition
OUNTY SEA . I SRR R T (CnikkE - 2 - BdUERE)

Eusocial insect society is maintained via altruistic behaviors within the colony, where various resources
are transferred among reproductive castes (kings/queens) and non-reproductive castes (workers). In
monogamous termites, it is thought that a colony will soon come to an end when its primary king (PK) is
lost. The detail mechanisms of colony collapse remain an enigma, while this is crucial for understanding how
termites maintain their huge and complex societies. Here, we show that the presence of PK plays an
important role in the transfer of nitrogen source within the colony in the subterranean termite
Reticulitermes speratus. The amount of uric acid, which is a valuable nitrogen source, accumulated in
workers significantly increased under PK-absent condition. In addition, our results also suggested uric acid
metabolism is associated with selfish reproduction by workers. This study provides important new insights
into the mechanisms of colony collapse in social insects.
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- Kenji Matsuura' (*Kyoto University)

- Eisuke Tasaki'
Why, with the same genome, termite can differentiate into different castes? This may attribute to the

epigenetic differences, in which DNA methylation plays a vital role. In this study, two DNA methylation

1

g the Role of DNA Methylation in the Termite Reticulitermes speratus

Jiaming Chen

Unveilin
O

v\/r

and nymph caste differentiation in a termite Reticulitermes speratus. We found that RG108 strongly inhibited
the alate differentiation from the nymph, and the inhibition time was highly in line with the start point
of nymph eclosion, while 5-Azacytidine showed zero effect on the nymph differentiation. In addition, both
inhibitors showed no inhibition effect on the soldier caste differentiation from workers. These suggest that

the DNA methylation is involved in the regulation of reproductive caste differentiation rather than the non-
reproductive, and the regulation may take place right on the eclosion period. Our study showed the first

inhibitors RG108 and 5-Azacytidine were used to examine the function of DNA methylation in the worker
empirical evidence of the influence of DNA methylation on caste determination in the termite.
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PS62 Expresswn analy51s of cuticular protein genes in the brown planthopper, Nilaparvata lugens

© Soten CHEA' - Ken MIURA' - Chieka MINAKUCHI' (* Applied Entomol., Nagoya Univ.)

Insect cuticle is mainly composed by chitin and cuticular proteins, working as the barrier. Molting, a
process of producing a new cuticle, is regulated by molting hormone and juvenile hormone (JH). A recent
study on the brown planthopper revealed that some cuticular protein (CP) genes were essential for their
development. In this study, we aimed to clarify the developmental expression profiles of CP genes and
analyze their mechanism of transcriptional regulation by hormones. We showed that transcript levels of
Krippel homolog 1, an early JH-response gene, decreased, while the adult-specifier £93increased in the
final nymphal stage, indicating that JH titer decreased in nymph-adult transformation. Tyrosine hydroxylase
that plays roles in cuticular sclerotization and pigmentation was expressed in both nymphal and adult molts.
Among CP genes tested, we verified that at least one CP gene was expressed only in the nymphal molt,
while two CP genes were expressed only in the adult transition.
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W1101 Chemical diversity in plant-insect interactions as a tool in biological control
© Torsten Meiners' (*Julius Kithn Institute, GER)

In agroecosystems, plant metabolites fulfil a variety of biological functions and determine the relationships
between crops, pests, and beneficial arthropods from the molecular level to their function in the ecosystem
and agricultural landscape. In the area of biological control, there is a need to develop strategies to maintain
and increase the effectiveness of parasitoids/predators using the knowledge on the effects of non-crop
chemical diversity on beneficial insects. By exploring the vegetation composition of non-crop areas and their
specific chemical diversity effects, it will be possible to provide desired ecosystem functions and ecosystem
services, such as assisting natural enemies of nearby plant pests with host search, maintenance, and survival.
This presentation discusses the use of the concept of plant chemical diversity for biological control of insect
pests in future agroecosystems.

W1102 Priming of plant defense against herbivory by insect egg deposition
© Monika Hilker' (*Freie Universitaet Berlin, GER)

Plants can defend themselves against attack by herbivorous insects by responding to an initial step of
infestation, the egg deposition onto their leaves. These responses can even be primed and intensified by
plant exposure to environmental cues, which “warn” of imminent oviposition. A recent study showed that
insect sex pheromones may act as such warning cues. While this is the first study showing priming of plant
defense against insect eggs by insect sex pheromones, several other studies revealed that plants also prepare
their defense against larvae by responding to insect eggs, ie. to a cue indicating impending larval feeding.
Plants that have received eggs can improve their defense against hatching larvae by amplifying and/or
accelerating their responses. Our studies show that survival of herbivorous insects 1s shaped by a wide
range of fascinating chemoecological interactions of insect eggs with their environment.
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