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Virus-derived small RNA profiles of arthropod viruses. Modified from (van Mierlo et al, 2011).

Bupycbl 4yneHUcToHornx oobiyHo umerot PHK-reHom

Virus Family Host for study Genome
RNA viruses
Drosophila A virus Tetraviridae Drosophila® (+)ssRNA
Drosophila C virus Dicistroviridae  Drosophila” (+)ssRNA
Homalodisca coagulata virus-1 Dicistroviridae Homalodisca vitripennis® (+#)ssRNA
Noravirus Unassigned Drosophila® (#)ssRNA
Sindbis virus Alphaviridae Aedes aegypti® (+)ssRNA
Mosquito nodavirus Nodaviridae Aedes aegypti® (+)ssRNA
West Nile virus Flavivirid ae Culex pipiens quinquefasciatus® (#)ssRNA
Semliki Forest virus Alphaviridae Aedes albopictus” and Aedes aegypti® (+)ssRNA
Dengue virus -Serotype 2 Flavivirid ae Aedes aegypti*® (+)ssRNA
Cell fusing agent virus Flaviviridae Aedes aegypti’ (+)ssRNA
Flock house virus Nodaviridae Drosophila™” Bipartite (+)
RNA
American nodavirus Nodaviridae Drosophila® Bipartite (+)
RNA
Vesicular stomatitis virus Rhabdoviridae Drosophila™” (—) ssRNA
Rift Valley fever virus Bunyaviridae  Drosophila® (—)ssRNA
Drosophila totivirus Totivirid ae Drosophila® dsRNA
Drosophila X virus Birnaviridae Drosophila” Bipartite
dsRNA
Drosophila birnavirus Birnaviridae Drosophila” Bipartite
dsRNA
Homalodisca vitripennis reovirus Reoviridae Homalodisca vitripennis® dsRNA
Mosquito X virus Unassigned Culex pipiens molestus®, Culex Bipartite
tritaeniorhynchus®, Aedes sinensis® dsRNA
DNA viruses
Helicoverpa armigera single Baculoviridae = Helicoverpa armigera® dsDNA
nucleopolyhedrovirus
Vaccinia virus Poxviridae Drosophila® dsDNA
Invertebrate iridescent virus 6 Iridovirid ae Drosophila™” dsDNA
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Cxema ob6pazoBaHma miRNA u siRNA y apo3ocpunsbi
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Mpumepbl MONEKyn, C MOMOLbIO KOTOPbIX BUPYCbI

MaHUNYITNMPYHOT UMMYHUTETOM HAaCEKOMbIX

Virus/bacteria-miRNA interactions in arthropods.
Virus/bacteria Host insect Insect factor Wirus Mechanism ffind ing
factor
Posvi rus Drosophila DL mik-34, mik- Poly- A- Poly-A-polymerase poly adenylates miRs to lead to degradation
(Vaccinia cells 11, miE-184 Polymerase
virus)
Drosophila fat mik-8 mik-8 decreases drosomycin and diptericin AMPs in fat body, inde pendent of
body PI3K
Wolbachio Aedes gegypti Aze-miR-2940 Unknown Wolbachia by an unknown mechanism induces mik-2940 which silences
metalloprotease and increases bacterial density in the host
West Nile Mosquito C636 GATA4 ELUMN-miRk- KUN-miR-1 leads to increased viral titer and accumulation of mosquito cell
Wirus cells 1 GATA4
Ascovirus HzFE cells Hz-mik24 EMApol Host miR decreases expression of DNA dependent RNA poelymerase in late
infections
Bombyx mori B, mori Exportin-5 Bmnpw- Viral miRNA leads to RNAI repression of host Ran cofactor of exportin 5
bacubowvi rus miRNA export miR-1
Mudivirus Spodoptera Pag1 Pagl miRMA degrades viral early gene hhil in latent infections
(HzNV-1) frugiperda IPLB-5§- miRNA

21

Arthropod virus-encoded prote

in or EMA suppressors of RNAIL

Virus

Antiviral suppressor

Maode of action

Flock house virs
Drosophila C virus
Cricket paralysis virus
Wuhan nodavirus
West Nile virus

B2 protein
DCV-1A protein
CrPV-1A protein
B2 protein

Binds dsRNA and siRMNAs

Inhibits Dicer-2 processing of dsRMNA

Interacts with Argonaute-2 to prevent RMNA cleavage
Prevents interaction of Dicer-2 with siRMA

3" UTR derived subgenomic flavivirus BRMNA (sfRMNA) Inhibits Dicer-2 processing of dsRMNA (in vitro)



Viral RNAJ suppreszors in insect viuses and arbovrses

Family \inus {abbr) HostWectar™® Experimental Suppressor Machanism
In=act host™
Azcoviridas Hediothis Heothiz Spodoptera Orf 27 Degradation of
VIERCANE virsarens frugipenda; (Flass I daRhA
ascoving-3e Helb iz
viBscans
Bimavinidas DrosophlaX vius 0 melanogaster 0. melanog asier VP3 Long dsRNA binding
prevents Dices-2
cleavage; siRNA
binding
Cutbeoe ¥ virnus Ciex piphens Cuwlax tarzalls V3 Long daRNA binding
prevents Dicer-2
clagvage; SiRNA
bindiing
Diciefroviidas Deosophla C 0O melanogasier 0. melanogas e 1A Long daRNA binding
winus DOV prevents Dices-2
cleavage; imerferes
with RISC assembiy
Cricket paralysis Teleogrius sp. 0. melanog as e 1A Inhibiton of AGO2
vinus endonuciease
actvity
Faviviridae Dengue vins Ae aegyptl; As. Spodoptera NS4E Infiibiton of (human)
ahaopictus frugipends Dicer acthvty
‘West Nile vinus Cuex spp. Ae. Albopicius; 0. siRNA Inhibiton of {human)
medanagastar Dicer acthaty
Dengue virus As aegyptl; As As. abopictus stRNA -
abopicius
Nodavindae Flock House vinus  Costelytra 0. melanog asier; B2 Long daRNA binding
{FHV) Zealandica Spodopters prevent Dices-2
frugloerda; As. claavage; =RNA
asgypt; As. binding prevents
alhopictis RISC inconporation;
Dicer-2 binding
Modamuravines Ciex 0. melanog s e, B2 Binding of long
(Mo Fitaeniorhynchus An. gamblae; Ae. daRMA and siRNA;
albopics inhibition of fhuman)
Dicar acthaty
Wuhan Nodavine  Feviz rgpae Pleris rapae; D. B2 Long dsRNA binding
{Whhi) melanogastar pravent Dices-2
cleavage; siRMA
bind ing prevents
RIEC inconporation;

Dicer-2 Dinding



Cytoplasm

exogenous dsRNA viral MRNA
/‘\_/
2 i
viral dsRNA
siRNA
\ P

2'-O-methylation

RNA

RNA target

Nucleus /
| —y

live
340R

> b



Danger signals PAMPS
f L Gran-positive  Gram-negative © Debris Virus

Fungi Fungi bacteria bacteria
~ §O° g G

\ - o LI
— u i& /’/', 4 '
kl. ¥ 1 |
Persephone  GNBP-3 GNBP-1 - it | ?
i PGRP-SA Ty o
N |/ ecapsp '

Proteclytic cascade

VLS e
:

Spaetzie
PGN
TOLL PGRP-LCs | it

e |
|

Dicer-Z Viral RNA

£ 4

Tube dTAB2 .
a1 ) drADD i ( I )
Pelle / m’ =
INK l Dredd N g
l A Ay SIRNA l

s

pathway

KKy (kenny)
| =N | o (A O

1) = 'lu
R, A/ z L l ) AUTOPHAGY
gt = e
B
/ | o N
( Ciptericin, cecrapin, . \
Drosomycin, defensin, ...

Lllucleus

Cytaplasn



Bupychbl apo3odpunbl 1 akTuBNpyembie MU

NMYTN CUTrHaAJINHrIa

Toll Imd

Jak-STAT

Fungi, Gram-positive bacteria
Drosophila X virus
Dengue virus

@ Spatzie monafpolymanc:

Gram-negative bacteria

Sindbis virus
Cricket Paralysis virus

Drosophila C virus
Flock House virus
Dengue virus

upd

Domeless

Mutrient Signaling
and Autophagy

Vesicular Stomatitis Virus
VSV-G (PAMP)

peptidoglycan
Toll II PGRP-LC
JAKS

Imd HG
pseot
'! el !
Tube Palla
lwﬁﬂ
Cac’tus“ »
(IkB) Dit .
Saael o Relish
NFkB) fma_}.____f____

”Iﬁ‘imicrabial factors @ antimicrobial factors

Drs, Mik (DXV}) Dpt, Mtk (Sindbis)

dMyDaa

dFADD

Dredd

vir-1 (DCV)
TotM, vir-1 (FHV)

CECG, DEFC-D, GAM, LYSC (Dengue) DVRF1, DVRF2 (Dengue)

| antimicrobial factors

PI3K TOR

1

Autophagy

Vav



Ind ucible immune pathways implicated in antiviral defense in Drosophila and mosquito.

[IpoTUB BUPYCOB TaKXe MOryT ObITb
ncnonb3oBaHbl nyTty Toll n Imd

Pathway Organism Wirus Inducible immune response
Genetic evidence® Transcriptional response
Pathway AMP Other humoral
components” expression® factorsd
Toll Drosophila melanogas er DXV + nt Up na.
Aedes aegypti DENV + Up Up na.
DENV nt Down - na.
SINV Mnt. Lp nt. na.
YRV nt Down - na.
Aedes albopictus SAV* nt nt Down' na.
Imd Drozopfiila melonogas er CrPv + nr - na.
DmelSVE nt Up# Up# na.
SINV" - nL. Up na.
Aedes albopictus SFVE n.t. nt. Down' na.
Anopheles gambioe OMNMNY - Do - na.
Jak-Stat Drosophila melanogas ter DCV + - - Up
FHV nL nL - Up
Aedes aegypti DENV + Up Up Up
DENV nt - Down' -
WHNV n.L. - Down' -
YRV L. -~ Down’ -
Aedes albopicius SV n.t. n.t. Down' L.
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CTpyktypa reHa 6enka Dscam gpo3socpunsi

LCEEERTLEERECEERRCEERETCEREEERRTERTY
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Exon 4 Exon 6 Exon 9 Exon 17

7 [ S 10] 1 h2[ 13 ha[1s[ie[i@hehe] 20 [21]22]23] 24 ]

Figure 1 (A) Dscam-hv genomic DNA for Drosophila melanogaster. The gene consists of 20 constant exons (shown as black lines), mutually
exdusive alternative splicing occurs for exons 4 (red lines), 6 (blue lines), 9 (green lines) and 17 (purple lines); one of 12 exon 4 alternatives, one
of 48 exon 6 alternatives, one of 33 exon 9 alternatives and one of two exon 17 alternatives are present in each mRNA. This enables the vast
number of 12 x 48 X 33 X 2 = 38016 potential splice variants. (B) Dscam-hv mRNA. Constant exons are shown as white boxes. Exons that
undergo mutually exclusive alternative splicing follow the same colour scheme as for the genomic structure. Endodomain exons 19 and 23 can
be contained or lacking [8], which increases the number of potential isoforms to 4 x 38016 = 152,064. (C) Dscam-hv protein structure for D.
melanogaster. The alternatively spliced exons encode the N-terminal half of 1g2 (exon 4 in Drosophila); the N-terminal half of 13 (exon 6 in
Drosophila), all of kg7 (exon 9 in Drosophila), and the transmembrane domain (Exon 17 in Drosophila (figure after [6]).
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Fig. 2. Scheme of some experimentally supported (letters shown in black) and hypothesised (letters shown in grey ) adtivities of Dscam in relation to pancrustacean immune
tissues and responses to parasites. Dscam mRNA is shown as a squiggle inside the cells and the protein as a hook, with the first four Dscam Ig domains illustrated in a horse-
shoe shape (Meijers et al, 2007). For simpliaty, we have omitted illustrating the expression of alternatively spliced variants and the regulation of splicing (e.g., Dong et al.,
2012); details canbe found in Table 1. (A) Dscam is expressed by the fat body (Watson et al, 2005). (B) Fat body Dscam mRNA expression has been found to be up- or non-
regulated (see Table 1) after exposure to parasites {yellow star). (C) Dscam is also expressed by haemocytes (dark green; Neves et al, 2004; Watson et al,, 2005) and insect cell
lines (light green; Watson et al, 2005; Dong et al., 2006; Sun et al, 2013). It has been hypothesised that inaeased expression of certain Dscam isoforms may occur via clonal
expansion of (D), haemocytes (Boehm, 2007). (E) A shorter Dscam protein form has been found in S2 cell line-conditioned medium and haemolymph serum (Watson et al.,
2005} (F) Haemocyte Dscam mRNA expression has been found to be up- down- or non-regulated after exposure to parasites (see Table 1). (G)Sua5B cell line membrane-
bound Dscam shows affinity to E coli and P. veronii (Dong et al., 2006). (H) Recombinantly expressed Dscam protein can bind to parasites (Watson et al, 2005;
Watthanasurorot et al, 2011; Hung et al., 2013), and Dscam expressed in the midgut colocalises with Plasmodium falaparum (Dong et al., 2012). It is unknown whether Dscam
acts as anopsonin, but ifso, it has been hypothesised that it could (1), present the pathogen to a so far unknown Dscam receptor (Stuart and Ezekowitz, 2008) or (J), that there
uld be a homotypic interaction with membrane-bound Dscam (Stuart and Ezekowitz, 2008} (K) Dscam reduced (via RNAI/ mutationfusing Dscam antibodies to block Dscam
function) haemocytes and cells lines show reduced phagocytosis of bacteria (Watson et al, 2005; Dong et al., 2006). (Figure updated from Boehm, 2007 and Stuart and
Ezekowitz, 2008)
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