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Distribution analysis of two novel RNA virus in the green
rice leafhopper, Nephotettix cincticeps (Uhler)
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PR e — RO MBI EAR AN F ERAEY, TTEAET A
SR, A V0 B R S A T A AH T SE A 4l i AR ) (Krupovic
A Bamford, 2008; Ghabrial %%, 2015) . AKHE IE N R B A L B R E
s, RS R OIE K ) L B JE DR AR ) B LI S AR I A R T R TR U
AR R B M, BRI B 5 R 28 A AS W R I %
(Condit, 2013) . # #i& [H Fr 5 B 7> 25 % 51 2% CInternational Committee on
Taxonomy of Viruses, ICTV) 2017 4 & A7 M) & + Ik k& M W ol
Chttps://talk.ictvonline.org/) A A1 4 Givt, H I & 5% /250 5 2 D
Wl 9 H 131 # 5,268 Ffr, My WET MK EDFH 24 F
(Maciel-Vergara il Ros, 2017; Ryabov, 2017; Williams %, 2017) . @il
TS AL, AR L 220 B ISR HES YRR G ot K L 1,445 BT RNA
e (Shi %, 2016) . X L8 & ANXAE TS A MES) ) b % 3t 17 70, B Aot
feZketk, MASHFFRHRERNEERR, BAMENE EEHM
Sk Ak S A

B RaaEn EEEN, Hare/b 2 MA 13 H 1,600 £ Fi &
REAE W B s (B ISR, 1998) o B HL AN 2 i Ji 1% 5 B 1 8 27 32
MmMHGCEREDANNEEFREBHRMWA A G IE. BRI Nephotettix
cincticeps J& ¥ H Hemiptera M- 1} Cicadellidae, A {X 5& i i W v B #2
NFKFE, T HAE AL e AL KR 2 MK TR B W 8 % 4w (Rice
dwarf disease) . # %% (Rice yellow stunt disease) 1 # % %5 (Rice yellow
dwarf disease) 5%, 25 KA A2 7 ity o 7™ B B o oy, %38 & 46 5 75 (Rice
dwarf virus, RDV) & /K 75 & 8 % 46 % 090 J5, J& T i I8 = R
Reoviridae 18 % W B 9% 7% J& Phytoreovirus, A XUBE RNA %5 7 (Suzuki,
1989) , F 1989 47 H A K (Lowelletal, 1989) . RDV 1] LA7E I %
TR AR AT B 5, JF e O KR S, R
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NTIRYI R WX RDV [ 4% FR AL LK P 19 HAF K & LA AL
915 425 - e 2 R K R R i AT . BT AE S A EEBUE ST HE T RDV
AR5 RDV 5 55 1 38 R i i e VA JlR A s A 7R I, R DA AE A
B ORNA G, 11X 8357 K DL RNA G310 70 K fr . 5 3R b DL &
RDV ZIH K AZAESHMAEE. NIk, A0S0 R H RNA 5 1 2
DI S5 ¥ Je He R G0 B 99 &« (R TR R I LR A 1) IS 23 20 A7 AN AN [ 3 X i
HHRoAf. UREES RDV MEAERARE THID B, B ENEANE
iR A F RNA B AR 2R R w4k oy i AR AL L OF T BLJT 5 i e % A%
Fo 9 5595 10507 B ¥6 SR 5 S ms 52 A L Al
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2 ik i Nephotettix cincticeps (Uhler) 2 7K 75 % 45 % % (Rice Drawf
Dwarf Virus, RDV) K E AL FFE A . T 05 RDV 5 2R i 2 8] 1)
HAERZR, X MBS IRt 47 7R s AN, R R T 2
B RNA K B o A 18 SOt X 2 M B 1 5 D) 41 45 R ke PR R G K A A
fE R M ARy UL K2 EREX KA. S RDV WM ITE T
W, KA FEA RN T

1. BEMBEAANBEMN RNARER L E

EBEM AR KB 2 BB RNA 9% 8 NcPSRV-1 Al NcNSPV-1.
NCPSRV-1 & IE XL 4 RNA %, J&/ RNA HE H . A% 4 VE 8RR
AL, FERN4 4K 10,180 bp, X 1 4> ORF X4k (261-9,839) , [3t[A
MK 94%. NCNSRV-1 & it LB 5 RNA 7 5, J& B 718 RNA i
BH. #RmER, HERA4K 12,337 bp, H 54 ORF X,

2. BREM AN RNA KK 510

K SE R 9% % 2 B PCR XT3 RNA % 2 75 2 B 44 Py i) i 2 % 5%
RFAE DL B AR 15 AN A B KRG 7= X I b X 43 A /E T 40 T« NcPSRV-1 7F % )2
P hER e A R R o i I R, T AE O SRR B R/ 7R TR R
HFANR BB Re A B, HS BRI R ZER . NcNSRV-1 7£ B I
BT AR Ao A e T R R W) R, T AE B M 5T BH b R R T A BH A
B R BERL I F] . NCPSRV-1 £ J 2 W AN [7) # [X b B 29 47 7 A, Horh
JUORTT M AR R 5 FR O BRI, T AE B3 /M Bt BH AR RN VAT R A5 BH A
7 2 20 ) A ey o £ A RS FH I eb R R RS 2 NcPSRV-1 A1 NcNSRV-1.

3. EEM M RNAWES RDV HAEK AT
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1M NCNSRV-1 IEAH Jo , Hoiir 8 R B M A8, £ 2 Rk BEM M H(RDV)
PR XS NCNSRV-1 F1 NcPSRV-1 (177 5 2 B AH X B, /&4 NcPSRV-1
JEIRXT RDV 7E 8 2 I b B o i) 3R 15 S AEARAEE BT R HIER . X
FHIAFE M 3 F RNA J5 # 75 B8 2 i Wi 4 oy 7 76 A B 35 B /e F

WX AR NRNIAEAF RNA 5 55 75 28 2 b ok py (19 B AE HL 1
I F DAIT SR 7K g i s K JFG A B TR0 995 23 993 197 428 35 B0 R R T SR s Bk T R Al

K4 EEM M, NcNSRV-1; NcPSRV-1; X 4l; RNA & ; /K5
YRYE I By SEWP UG EE PCR; RiA M N0 Ah; X fh
B, WEZX, HEEXR
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Abstract

The green leafhoppers, Nephotettix cincticeps (Uhler) (Homoptera:
Cicadellidae), is one of the important insect vectors to spread rice dwarf
virus (RDV). In order to explore the interaction relationship between RDV
and N. cincticeps, we recently sequenced the transcriptome of salivary
glands and discovered two novel RNA viruses. Their genome organization,
phylogenetic status, temporal and spatial transcription, geographic
distribution, and interaction relationship with RDV were primarily studied.
The main results are shown as follows:

1. lIdentification of two novel RNA viruses in N. cincticeps

Two novel RNA virues, Nephotettix cincticeps positive-strand RNA
virus 1 (NcPSRV-1) (Picornavirales: Iflaviridae) and Nephotettix cincticeps
negative-strand RNA  virus 1 (NCcNSPV-1) (Mononegavirales:
Rhabdoviridae) were obtained from N. cincticeps. The complete viral
genome of NcPSRV-1 is 10,180 nucleotides in length, containing one open
reading frame (261-9,839). The complete viral genome of NcCNSPV-1 is
12,337 nucleotides in length, containing five non-overlapping, linearly
arranged open reading frames.

2. Distribution of two novel RNA viruses in N. cincticeps

The temporal and spatial transcription of NcPSRV-1 in N. cincticeps
and distribution of NcNSRV-1 and NcPSRV-1 in different populations
collected from 15 of rice producing areas in China were characterized by
real-time quantitative PCR. The amount of NcPSRV-1 was obviously high
in both salivary glands and midgut, but less in ovary and testis. NCPSRV-1
was detected at all developmental stages of N. cincticeps, and there is no
significant difference in content. NcNSRV-1 had a higher viruliferous rate

in Tianhe population of N. cincticeps in Guangdong, but was not detectable
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in Guiyang population of Guizhou and Xinyang population of Henan.
NcPSRV-1 was detected in all different populations of N. cincticeps, in
which the viruliferous rate was the lowest in the Tianhe population, but the
higher in the Guiyang and Xinyang populations. Both NcPSRV-1 and
NcNSRV-1 were not detected in other rice leafhoppers.
3. Preliminary exploration of interaction among the viruses

The viruliferous rate of NcPSRV-1 in N. cincticeps increased with the
prolonging of rearing time in the laboratory, whereas on the contrary, the
viruliferous rate of NcNSRV-1 decreased gradually or even lost. The
viruliferous rate of NcNSRV-1 and NcPSRV-1 was relatively low in the
popultion of N. cincticeps infected with RDV. Meanwhile, the infection of
NcPSRV-1 in N. cincticeps also significantly inhibited the acquisition and
generation of RDV. It indicates that there are antagonistic interactions
among different RNA viruses in N. cincticeps.

These results provide a basis for further understanding of the
interaction mechanism among different RNA viruses in N. cincticeps, as
well as for development of new techniques and strategies for controlling

rice leafhoppers and their transmitted virus diseases.

Key Words: Nephotettix cincticeps (Uhler), NcNSRV-1, NcPSRV-1,
genome, RNA virus, Rice dwarf virus, Real-time quantitative
PCR, Expression analysis, Temporal and spatial distributions,

local population, Viruliferous rate, Interaction relationship
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2009 ¢, HEBRmESRZ RS (ICTV) KAE Lk E, W0
4y N 6 H .87 F1.349 &, 3Lit A 2,284 B 5 A1 259% 7 (King %5, 2012).
2016 F &AW ks, B 2 AN HA 38 NEE, IR T 2017 AL T
BEOHT Chttps://talk.ictvonline.org/ictv-reports/ictv_online_report) . R ¥ i3
BT, ATy RS DNA 5 Al RNA 6 35

R 3 M R Ar b, s BRI R 2 LU BB, — i A A
DRI 4 45 A6 A0 sy 1 B AR ACLE ) 0 3 = ) 20 B[R] — J& o (Ho, RNA R &5
Mg IE 5 M ARA AR dn . a0 £ 2RI RNA IR EE 1 18 3236 [
AL 5 5 Ik & 5 A 1R, B A% R AN 2 5 1R e A AR UL 2 5T RE
K, KA E RNA R 82 B HNE — DR & . 25 RNA K 3 192 1 51
FALYE L B 75-85%I, 4kl BI[F —J& (Liu 5%, 2011) .

1.1 ER RNARELRHEEW

B H RNA 7 8 K 2 778 T I ) 8 7 5 H Mononegavirales, M 5
% 2 H Nidovirales 1/ RNA #i # H Picornavirales %5 3 M H " . 7£ &L 01
BAHEER 37 AR, A 10 MERFHMARFAANAEMH A mHMAE 32
— M RNAFHBE MR FR . B ICTV KA+ Lok, B
JUpg BE > KO A — AR, o B R RNA W 75 7] 9 ) 3 13 B 14 J&
MR A RNA K 25 1A% TR 45 /) R 1, W] 70 O - (LD IE SCH B RNA R 5 (positive
single-stranded RNA virus, (+)ssRNA virus) , £ 4% XU /1 9% 5 F
Dicistroviridae. 1% 4% 1 ¥ & /%5 /% 75 # Iflaviridae. ¥ /% %5 F1 Flaviviridae.
% W6 i 7 B} Togaviridae . #f K J% % £ Roniviridae. o 4 T J% % F
Alphatetraviridae. ¥ & VU T 45 & £l Permutotetraviridae. K/RZV] T
£l Carmotetraviridae. 1155 &5 £l Mesoniviridae 1% H A 3 B
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Nodaviridae Z5; (2) 1 X %% RNA %% & (negative single-stranded RNA
virus, (-)ssSRNA virus) , %5 53R 7§ % £} Rhabdoviridae #1Jé V. ¥ J& s &%
Al Nyamiviridae Z5; (3) X% RNA %5 # (double-stranded RNA virus,
dsRNA virus) , A58 i I 5 £ Revoviridae A1 =7 RNA i &% F}

Birnaviridae % . H AR /5 0 E WK 1.1,

X1L1IEHERNAKREWIES R

Table 1.1 Major genera of the RNA viruses that replicated in insects

. sy K TG
i B B R 41 , REJE (S
CH .« B A
dsRNA 2B 3.3, 2.8kb Birnaviridae Entomobirnavirus Diptera: Drosophila
viruses melanogaster
10-12 B Revoviridae Cypovirus Lepidoptera: Bombyx,
4.5-0.7 kb Helicoverpa armigera
Spinareovirinae
Idnoreovirus Hymenoptera: Ichne,
Musca domestica
(+)ssRNA 1 B 20-26 kb Nidovirales Alphamesonivirus Culex tritaeniorhyn-chus
viruses Mesoniviridae
Picornavirales Cripavirus Aphid, Cricket, Drosophila
1B 9-10 kb Dicistroviridae Aparavirus Apidae
1B 8.5-9.5kb Iflaviridae Iflavirus Antheraea pernyi
2B 3.2, 1.3 kb Nodaviridae Alphanodavirus Bombyx mori
1 11 kb Flaviviridae Flavivirus Mosquito, Ixodid
1B 12 kb Togaviridae Alphavirus Mosquito
1B 6.6kb Alphatetraviridae Betatetravirus Moths; Butterflies
2B 5.3, 2.5kb Omegatetravirus Moths; Butterflies
1B 6.2kb Carmotetraviridae Alphacarmotetravirus Lepidopteran
1B 5.7kb Alphapermutotetravirus Lepidopteran
Permutotetraviridae
(-)ssRNA 1B 11-15kb Mononegavirales Sigmavirus Drosophila

viruses

Rhabdoviridae

CAR B HRIR & M RIFAZ, Ak BR RNA & 1A
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KM T B R IR AE 22 5% B R pr 54 i 7 B, DR BB R RNA 0 55 (19
W FC e A AR T R A A 3 S 1A

1.1.1 (+)ssRNA BHR BRI EHRN AL W RN TS

(+)ssSRNA s &5 2 DA 20 25 # A2 A B K, L 2 B 075 3 DA B A% 0 8 TR A A
EER. WHLTERE SHEAZRME.

1.1.1.1 MEREFEH

W 2595 7 H Nidovirales ) 2 &8 & A 0 B 89 K00 55 0k 7, AL P4
FBAKE — BB 20 kb. ZEE H AT R 2 0 A2 AR g N 2RI
7t K 9% 2 B} Coronaviridae %% 5 (Peiris 5, 2003) , 1 A8 B Y B B (1) 3= 22
& 25 & 9% 2 B Mesoniviridae %% # (Lauber %, 2012) . 7F JF I & B
(] 74 7€ 9% 3 Nam Dinh virus J% & (NDiV, Mesoniviridae, Alphamesonivirus)
B 1%~ 60-80 nm (Nga 4%, 2011; Zirkel 5, 2013) . %k 7% H A A5 L iy 3
RIS, M HARS M E A R AR B s . B 80 5 H w5 2k
éﬁHﬂﬂﬁ’l‘iﬁ?&ﬁ‘]i%%ﬁﬁll‘ﬂﬁ*@(Open reading frame, ORF) [X 18 ( ORF
la f1 1b) 2w hY, 183 #% 09 5% 38 AT &0 6 8 — 2% 2 Ik B, RO 7E B i 72
B — N E R A 5 %3 m AR BOS A 2 Ik, 33 mRNA 72 AN 7] X 485 o 7
Zf . ORF la 4w fid 1 25 3C ¥ it & M2 & B Wl 4o A A 32 1% 2 B I i /K IX
., ORF 1b 4wt (M 5°->3°) fK#i RNA ] RNA E &% (RdRp) . f#
iElE (HEL) . 3°->5" M IR S U)BE (ExoN) A1 2°-O-H 2k 56 7 Big 3
A WFFLIN N ExoN RES 4% RNA 6l i 0r 5EE, Mz H B2 £ R
BRI H A E (Nga 25, 2011) . i 3’3 i ORFs i i 4 5 #% 4K 5%
HAR NS H, A RE RNA FUsE B L 41 & e (Cowley
&, 2002) (WE11A) .
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1.1.1.2 /) RNA Ji5 & H

K5y B RNA 5 2 # 42 H 76 /) RNA %5 # H Picornavirales. 1% J
HFHPESR RNA HESEMIYHE (08K R %M T 2 LR
T , HERUUSKMMREEIE X RNA ERA, HERNTFEHE - BRE
30 nm %247 (Gall 5%, 2008) , 9 Jc % 5 (1 1k — -+ i A S5 il BURE . 1% H R
. dt RNA 5 8 A XU 1% 7 £ Dicistroviridae 1 £& 4 M 8 6 97 9% 55 F
Iflaviridae. XU [ 7% 2 B & Aparavirus (& 1 2 06 5RO %5 3 Type
species Acute bee paralysisvirus)f1 Cripavirus( &% & ik 5 )55 5 Type species
Cricket paralysis virus) . ZRMHEHEHHEER RA— D& Iflavirus (&
W5 i B Type species Infectious flacherie virus) . AHHRHFTWEAS
5 (Vpg) M 3’45 poly(A)IAr &, 1M H iz Hm#EA — 18K ORF
X, 2 X s R g A5 Ok S AR 4 A 3. = 2 B HE S AN 573w #1374y
A& 2C el KBEEABEN 3C B ABEM 3D RNA KEB., JLH4
5'9E 4w fi% X (UTR) %) 178-964 nt, fi T I 31411 600-1,200 nt. 5’
Ewmis X BHERM e, BHFZE- (stem-loop) F1 1 &5
(pseudoknot) , & P A% B & 3t N\ f7 55 Cinternal ribosome entry site ,
IRES) . 3’IE4mfith X 8006, £ 155-295 nt, % X 37 i 2 5 8 41 41 i &
PR EZEN (WK 1.1B)

97 M A5 5 B O 3 Flock House virus) R A /N RNA % 2 H 9%
HHREAH M RARp, (H2& A A % HEL.Vpg 1 3C-# A (Koonin %5, 2008)
(WE1.1D) « AEREAANEM DR E S RNA RS HS BB
T B UL 1 25 R 45 K, b an 4 P B 04 RK 5 6 B2 ( Chronic bee paralysisvirus)
(Olivier 2, 2008) . % 145 & (honeybee virus) . PH%s 11195 #-1 (Lake
Sinai virus strain 1) (Runckel %, 2011) Ml 7 5 P4 % (mosquito
Mosinovirus ) ( Schuster %, 2014) % . W # B W T % & £
Permutotetraviridae, 1§ ik B VU {4 /7 75 /% % ( Euprosterna elaeasa virus),
HA /N RNA 5% RdRp ) palm 74 K AE d A RdRp 15
(Gorbalenya %§, 2002; Zeddam %5, 2010; Ferrero %, 2015)C L 1.1 ED.

4
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FE/ RNA R 55 A2 B0/ 1 55 Bl 25, A 22 1 R P2 ICTV 02K, Wndr K
W AH 3¢ M) 40 K % -1 ( Solenopsis invicta virus 1) A€ i v % &
( Solenopsis invicta virus 1)(Valles %, 2014; Valles fil Hashimoto, 2009)
AR G B IR 0 ) 5 7 9% 7 ( Nora virus )( Habayeb 1 Ekengrent, 2006)
XL BE A SE B IS/ RNA IR 35 (AR 25/ B (A, (H 25 4 2L A AT/ RNA
T B AN [A] o

1.1.1.3 # %% £ J& Flaviviridae

TR EE R I R dL RNA B KB WK, — KR AERC Tk N 5
() HL 8% % Carboviruses) : B # 5 (Yellow fever virus) | % 2 #Up
7 (Dengue virus) FIZE K7 & (Zika virus) &5, % —2KREW bk N
f) R A% i %5 995 7 ( Tick-borne encephalitis virus) (Gaunt Z§, 2001) .

T BE B R BE T BROT IR RO B KL T, ELAR N 50 nm. BT
BR T EAMMBERERGKEELRES: WEAEES E C(ILEFR)
FURE R B Mo B0 8 8 0 3 (1 RNA R K2 11 kb, A& % hY
5' ¥ r () 7-HI AL SRS -3 BERRZ TR T (m7Gppp) S H— 4K ORF
X, & 5 immid s EE MM ER E, & 3mMmidIEgtEn, 1
5 NS3 H A M. RNA fEERE A NG5 RdRp HIEE# B . & WS I 2 Ik
8 AE H1 9% B8 4 15 1) NG5 2 H Bl Xt H2E 4T i T (Chambers 55, 2009) (L
1.1F) .

1.1.1.4 2% o % # Alphavirus-like supergroup

A S HEG B LT o 9 B (Goldbach, 1987; Strauss Al Strauss, 1988),
oy 48 B 9% 2 (Sindbis virus, Togaviridae, Alphavirus) 7 #H [A §) %5 4F
(B 1.1G) o o i % )8 Wi 8 2 H 129 40 nm [ BRI 0 B d 6 +,
RNA JE R0 Oy 11 kb X85 F R 7 #4208 70 nm 1) — 1 1 & kL
T, 40 nm KL LA 240 M S RNA A MK EER (C) , K
FH—ZEEAEWANREEEA (E2 M ED MRRXZEES, Bk
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—ANIEE 1 P T AR A (Powers 48, 2012) o R H 4H 4 B R 7 RNA
ST 570 I DR sF AR S5 M 3, A B W B A 5% 3724 nsP1 N7-
HE M (nsPL) Xk 1 i iehg . | B (nsP2) 1 RdRp (nsP4)
AN BB W R A A R AR 37 A I R A g 4 R B
ORFs. 5@ Qi B MEZN WM o W TEA [, AW 55 R gL i 33 H
B, iRk (Powers %, 2012) .

1.1.2 (-)ssSRNA BB ER AL W AN TS

B A S0 RNA R 3 — A L A I RARp. &b 2k PR 2H 1) 45 3R o Al AR
Jo i FE A SR AL, B EATERL T RS M A R A 45 0 BRI AR K %=
APt BN ERA RNA SR S5ZER (NEA) 24 86 MEEK,
TR LA M 2R ZMERZ E A (RNP) Bz, REHKRR, I
A& B4 RNA 2y 1, TR S BRI B s M & Il B AR (Ortin &
Martin-Benito 2015).

1.1.2.1 M J% 41 X% % H Mononegavirales

B AR SO 5 H R B AR 2 A A A 5T B BRI B I B RL T, Ak
PRI ZH K B2 4 12-15 kb, RNA Ry S AR 2 v B . iz H 1 B L RNA
i 5% B P AE SO % 8 B Rhabdoviridae, 01 /8 Gy S 1) 74 A% B R 8
Sigmavirus, H 3’ EKim AN HEBER, S KW AN =B EL, 3K 4P %
TP I ) BAh, AR MEHIMERIGES . BEELT, #IRME
REdmts 5 MEEE E, A 37w T 46, KB 4 #% 5 A Cnucleoprotein, ND .
f# & 1 (phosphoprotein, P) . J:Jii &£ 0 (matrix protein, M) . BEEH
(glycoprotein, G) A1 RNA %4 (RNA polymerase, L) (Dietzgen
A Kuzmin, 2012) (K 1.2) . K& 0 & &R A 20l 2 o 454
FrfE, Br 5 MNEAME M E A LI, &% — 5 )58 & 5 80D A R 1 1)
4B R [ Caccessory protein) (Zhang 2§, 2003) , K A [ 9408 7% 45 )8
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A. Nam Dinh virus, NDiV (Nidovirales, Mesoniviridae, Alphamesonivirus, Alphamesonivirus 1)

fs 1b 2a 2b 34
T F‘
genome Cap
5! An3'

B. Infectious flacherie virus, IFV (Picornavirales, Iflaviridae, Iflavirus, Infectious flacherie virus)
Structural Non Strflctural

+RNA IRES \
genome  \Vpg

An3'

C. Acute bee paralysis virus, ABPV (Picornavirales, Dicistroviridae, Aparavirus, Acute bee paralysis virus)
Non Stlructural IRESs.tructur.::I
|

crome " E—
genome

Vpg_

An3'

D. Flock House virus, FHV (Nodaviridae, Alphanodavirus, Aparavirus, Flock House virus)

RNA-1 RNA-2
+RNA Cap Cap-
3'5 3

genome ¢

sgRNAs e—3

E. Euprosterna elaease virus, EeV ( Permutotetraviridae, Alphapermutotetravirus, Aparavirus, Euprosterna

elaease virus)
+RNA  VPg J
@

genome SaRNA 3

1
3

F. Yellow fever virus, YFV (Flaviviridae, Flavivirus, Yellow fever virus)

IRES  Structural Non Stiuctural
+ RNA |
genome  cap [CM| € [NSTINSZNS3(HEL]INS4BNSS(RARp)
5! 3

G. Sindbis virus, SINV (Togaviridae, Alphavirus, Sindbis virus)

Non Stiuctural Stru&itural

[ \[EB3 ek \
+RNA nsP1  nsP2 nsP3  nsP4

Cap
genome 5 An3'

An3

IRNA

H. Nudaurelia capensis B virus, NBV (Alphatetraviridae, Betatetravirus, Nudaurelia capensis 8 virus)

*RNA J

& s' 3

1 2 3 4 5 6 7 8 9 10(kb)

L 1 1 1 L 1 1 1 | | I

Bl 1.1, B H(+)ssRNA Ji 5 L K 41 25 % ()i Ryabov, 2017)

Fig.1.1 Genome organization of insect positive-strand RNA viruses (by Ryabov,
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2017)
VE = DAL R 8 A B e R AL AR O CAD BB R H I RNA R 35 5
(B) /N RNA R H R, AL R E B R F AL (C) /N RNATERE, XU R 77
BA: (D) HHEAMMER: (B) BN THER: (P miHER: (6) #
BB R (H) o 9 TR A0 0% B MR 7 0 KA. BRI
BRI #E A DAL RNA B 5 BOIR A Sk R ORF Xk, i Sk U7 A Ros #8135
l; ORFs MR Wl F: W N RNAEH &N, RO NELSWED, BEA
T EA, SO NFBRSGHER, BEE S AT 7K S LN mRNA
M ERERERIEM IR (sgRNA) o 573 1) = A RRIERE W, #ikRnr 3
S B 3-FEMRH A 370w o FE PGS 4 RS LW R Vpg-t5 57 2k A2 3L i AR
BEWE A AR5 E A : RARp R M RNA ) RNA % & 8§ ; HEL 75 i i B ; MET-
HELFEFE B . IRES 78 N AR B AR 3E N5 5 ;. fs m B (5 5 .
Note: Genetic maps are given for the members of the following taxonomic groups: (A)
order Nidovirales, family Mesoniviridae; (B) order Picornavirales, family Iflaviridae;
(C) order Picornavirales, family Dicistroviridae; (D) family Nodaviridae; (E) family
Permutotetraviridae; (F) family Flaviviridae; (G) family Togaviridae; (H) family
Alphatetraviridae. Full taxonomic classification is given for each virus genome.
Genomic RNA strands are shown as thick black lines, block arrows show open
reading frames (ORF) and the direction of translation; the ORFs are color-coded as
follows: blue, RNA replication proteins; purple, non-structural proteins; orange,
structural non-membrane proteins; green, structural membrane proteins,
glycoproteins. The mRNAs and the sub-genomic RNAs (sgRNA) involved in the gene
expression are shown as grey arrows below the genome. The 5’ cap structure shown
as a dot at the 5’ terminus of RNA, arrowhead indicate the 3’ terminus, An3’ -
polyadenylated 3’ terminus. The gene name abbreviations are explained in the article
sections describing corresponding taxonomic groups. Vpg - a protein covalently
linked to the 5° nd of the genomic RNA. Conserved proteins: RdRp means RNA

dependent RNA polymerase, HEL means helicase, MET means methyltransferase.
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IRES means internal ribosomal entry signal, fs means frameshift signal.

Vesicular stomatitis Indiana virus, VSIV(Mononegavirales, Rhabdoviridae,
Vesiculovirus, Indiana vesiculovirus)

-RNA 3

genome D D 6D |

5I

1 2 3 4 5 6 7 8 9 10(kb)
|

L 1 1 1 1 1 1 1 1 1

Kl 1.2 B H(-)ssRNA Ji 7 5 4 451 (ffj Ryabov, 2017)
Fig.1.2 Genome organization of insect negative-strand RNA viruses (by Ryabov,
2017)
e BRI fORE 0 R R DN, R S M 1 R .
Note: Genetic maps are given for the members of order Mononegavirales. The

genome structure elements are shown as in Fig. 1.1

1.1.3dsRNA BERABMNERNALEHMENTFES

Bt dsRNA % 2 & ) Aii 76 M i 9% 7 B} Revoviridae 1 — 4> RNA
¥ Al Birnaviridae v, HIX IR I H AT & A X 20 BUE T — 4 H .
EMEAFEHEAECERER . ARMERASMERAR B, &
2 TATA A F A R RARp.

1.1.3.1 "}z 99 5 £ Revoviridae

W iz A5 25 BL B R M A AR AR A B R T, B EHAE N
60-80 nm, HEHMAKRA 1. 283 ER7%&EA, AEA 1-12 M4&#H
dsRNA J& [K 21 4 5% 1 B2 A% 3 & B3 . B R I g AW & I B
Spinareovirinae — 1 [ &5 B AL T &F 12 AT EA & 11 nm B3I .
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)6 ¥ W By 99 B W BL Sedoreovirinae 5 ) 58 W i A0 B P RBFAH S, 6 B
RL 7~ 3 A XS S T . W B OO0 B BHR B3R T B 0 2 A B s 1 F R
AWE T AT mRNA. REEZS B WM EZEEA CHWDESRE
Bluetonguevirus ] VP3 1 VP7 & H) UMM EZME &Y, EAH 120
AN A BT EE A AR 5E, KRS AME A 10-12 > RNA =R R B, A
TR W A A — AN RNA R Bl 5 12 AN 52 ) il 0 3 A1 JE
A E WA TR E 2 3 3 N EARAR, XEES KRGS 8T
R 5 £l i) 4 55 4 5% (Zhang et al. 2003; Tao & Ye 2003). W 5% & [
RNA Sl A =/ k: VPL CRE 7357812 mRNA {7 #1151 RNAs % [
M #H ) RARp) « VP4 (1157 mRNA 518 ) H L ) 1 VP6 (i
el ) (Ramadevi %5, 1998; Boyce %5, 2004) (WLE 1.3A) .

1.1.3.2 =4 RNA J% Z £ Birnaviridae

4> RNA 5 8 B 55 2 B2 2 65nm (1) 0 A 5 58 Bk 1, K
Flmp—RMPKFEEA VP2 AR, ARVREER T & A BUEE 2 1
RNA H 4, % N4 A (3.1-3.6 kbp) A4 B (2.8-3.3 kbp) . 4
£ B (VPLEH) %ifh RdRp, RdARp 2% L B B & 750 5 ki + N R 1L,
B AEJy Vpg & A5 P R 410 IE 8 5730 3L % (Magyar 25, 1998) .
A A GRS H B R T ARGEM G M E D VP2, R E 2 KA R
VP4 UL R RNA [ ZH 8 i &R 2 M B & B 2 & WA BAE F Y
VP3.

7> RNA J5 25 BHE 75 10 & 25 R A8 8 2 HO0UEE RNA 2 K20 7 5 28 /)
RNA %5 2 RdRp 34l 45 & (Gorbalenya %%, 2002; Shwed %5, 2002; Koonin
£,2015) o ARHRE R AA —MEOR A R RNA R R, RIERGY IR 0 1)
B85 7 X (Drosophila virus X, DVX) (Chung %, 1996) . DVX fE N
R AWK EE, TEZNHAT RNA RESEERREEERIR,
W P &% (Wang 45, 2006) (LA 1.3B) .

10
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A. Bluetongue virus, BTV (Revoviridae, Orbivirus, Bluetongue virus)
dsRNA Seg.1 P B S Seg.3 _ .. K Seg.4 3

genome 5' 3 '5'

Seg.10
Seg.5 3, Seg.6 3, Seg7 3 o288 Seg8 Seg9 Seg
® 3 -51 ‘(_.5 3! 1—.5

;
B s o B B

B. Drosophila X virus, DXV ( Birnaviridae, Entomobirnavirus, Drosophila X virus)

dsRNA VP Seg.A vag Seg.B

genomea' ‘ 'b 3
_

1 2 3 4 5 6 7 8 9 10(kb)

Kl 1.3 B M dsRNA = 25 & i 2L K 4 458 ()i Ryabov, 2017)
Fig 1.3 Genome organization of insect double-stranded RNA viruses (by Ryabov,
2017)
e AR B KA s (A BRI R RLAT (B) 4 d BL . JE
DRI 4 &5 1) 1 &% 5B 20 i B WL 1.1, pRdRp*: & #: RNA R &, Seg: J B
Note: Genetic maps are given for the members of (A) family Reoviridae and (B)
family Birnaviridae. The genome structure elements are shown as in Fig.1.1. pRdRp*

means permuted RdRp, Seg. means segment.

1.2 BEH RNA R FRIThEE

1.2.1 BUR

o RNA i 8¢ R K — &8 70 v H 1 2 B SR B . A 3 0w 1
BERT LB b 5 . iS5 ot A, ] DUPE sl 3 O T B, Refis
Ik 2GR AR S, DRIT AR B

HAr /e E ek 9 R0 T 2 8 RNA %5 3 , 41 %84k 4h B0 8 ( Chinese

11
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Sacbrood Bee Virus, CSBV) F1f& {4 Jik 5 55 # ( Chronic bee paralysis virus,
CBPV) . b ZER 4 Hu & — Fh £ 1 758 Bl 9 % 3l K A B % 0G0 25
Wi, B EZERZERENL R, NinFBORET, [FiEhE
BESR N, £ Hita, REFERERKERS SR, SFE P
Aot A el 2 H 0, DL IR E W 5 2R TR g A i % EOK 45 Kk (Shan
,02017) o EEIENS VR BRI 0T UG B ) MG T A2 AR I D R ) A I 1)
AFfr, K2 BGmiERr 3-4 R IR IR, 4-5 RJEJF48 K &ML T (Ribiere
B, 02017) o AN HCE AU B e il s 2 T O AR (I RR O 7
Cricket paralysis virus, CRPV) ] f& 3 (Garrey %%, 2010) . Xf B H RNA
T BRI AT, A A BT 6 X L B L RNA 5 B 0 18 7 VR R A% .

HAl, CHMABRDTEHF R T EARKHEREEN TR
(Osterlund %, 2007) F1EH A2 (Maynard %%, 2007) DL K 9% 5 #H 5% 16
DNA =i cDNA, i H & 3L &g 9% BH Wr s 2 5 =5 A 80 3 1K/ 2 7, i e SO
ZH R (AODN) (Ryte %, 1993) %, X% DNA. cDNA /)5 ¥ RNA
W BRI SR, AT DL NG G (A, 3k AT DL B Ak 41 i 3R 15 4T
WEHIDIRE, ik, BUAER XYW IR =R ERE TR # TIEHEM
GITRE, NERYIE A m R TR K.

RARWBEE N RN A RSN, BERIFMMANS. s, &
HOSEFMBARMZ A E (CPV) PR H R IE T E. TF
B 5K DU B P 52 M AR A 7T 54 B BA Y AT S B “ A2 R B oK, O ERR
BHREGE EIRF T . WS BRI A A R IR R AT 9 R
M, SERBREREMELS G, KT L B8R EE 7R B BT AL 06 B 8
QPR R, EAIRE A AR AT, TS RS FERME . “EY T
L 5 NI N VG R S Y S: LR ol ] e S BN TR A S TR = DU DN L - 1D W N
TE, WERKL (EFEMEZER, 2009) . 1L REFH KRR ER CPV K
ARG AR ke B, TR = B o A AE A S RS B HOR S AL
CPV Biiata BRIy, #EMA T RIEFHHCR.

12
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1.2.2 XTERHRITAME N

ot RNA i B8 AR LU 15 2 B SR 2B W) 22 e b P AL jg i, GE T
LA i 3l A7 42 AP ) LU 451 <5 D i IR 4% B R AT D9 RFAE

1.22.1 LB RFERTN

P HLE#E D. coccinellae ¥ 50 /= T KB K & Bl H Coleomegilla
maculata & 1, F 8K W% % IR K178 (Dheilly £, 2015)
I H 0 1 B 7R B AR P AL, 20 K JE B AR G 1 TIME o SR pR BE L AR
J5AE B R () 45 . AR UL R, B SRR W T A AR KA R,
Ry EME 2 A S A EY & (Maure 48, 2013; Dheilly %, 2015) &
R R A, BUHHIAT N R AR T oA, W o e A R B AR, X R B
M AE RG] RERFAL . AHF AR, BB AR P ) B B0 JRR
B DcPV CJE A& 4e v 306 73 73 88 Bt Iflaviridae) , 7F Hoig 16 4t py & il
KB A7 75 T B30 i 0 7 0 D v o RO B AR 5 B R, M &) U2 DePV
e 7 ) B0 A AR N o 100 B A DL I R AT S, O IR R e AR
FAS, TS O g R e A R B B0 B B AL 2 s S R AR
FrREEHE bR E, AT N SR IR . BT Bld g, Jofth & A2 g T
DA 5 7 AR X i 28 AL 1 fR £ 47 9 Cvan Houte %%, 2013; Maure %5, 2013) .

1.2.2.2 4% 1 = 1 el

HU R B RNA i 55 n] DL I 2 B AR 378 ok 52 e 1 3 0 1 ) deoE Al
fil, RS ERMER G AR, 7R R N g AR AE —
BT H 9 3 PpNSRV-1( Pteromalus puparum negative-strand RNA virus 1),
J& 8 W5 8 i 2 BF Nyamiviridae. %% 2 nf DL oy 2 i df 4 /N i 1 4%
M e R T A AR ) T ARMEEE B R B A T R O e R 3 AE
KA, W] REE BT A ME dU O R A T . 55 Ok 2 B I B R
AN, %00 B AT DL e B AR R, MEYE L B A AR R AR,

13
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HZ 99 B 38 AT 2 K ME g FN0 I 8 1 5 (Wang 2§, 2017)
1.2.2.3 gmig E B BTN

RAEMATEIERAAM S MAT A8 RNA WRERREm, i, §
% 5 e eF AT Sy B T RO . ALPV I RhPV. ALPV Jy iF Ha SUAE JBR 5 i
B, J® W & T % % & Dicistroviridae , T P 5] 2 K & 45 & iF
Rhopalosiphum padi A IE % (12 3 25 &0, 1% 0E 2% i 2 55 0 Uiz 3 A P
P, A& IR (Whitfield, 1998) . H Al i J B 50 £ % X #4724 11
F B PF A . RhPV DN K 4 4 8 55, )8 XU R B R
Dicistroviridae, 5 ALPV % VJtH<, A DACARWF diy R EAT N . KB4
EEFEIEWIE O N S WERRB G, HFREA K. HFARBGENT
G RhPV Ja, AH AN S #4g e i iF de Uk e 51, i HLAg B B B 1 07
RS 22 WA T 0F R R AT 5] (Ban %, 2008) o XAMNMT NSUE, A
A AN WF JORg R ORE S AT DL R AR AE [F) R R B[R] 2RO R G B R
X2 BE T 5 > X AT LA B 25 97 B 2 FoAt o R F e B, R E
A ST A 8

1.3 WRES5ME MK EE

RNA J5 35 12 G 30 16 £ R BA N G, BB HL ] BOsoE , 7= AR5
LR R 70 A 1B VA PR R C G o ANES G IR T B
FSCSE TE)

bb A5 e LR (1 SR X DCV I R AL . DOV AR B AW 1) RNA
WA, SRR ALREN. EHRKMET, BHERBASRIE
B SR R, A 0 R T B T G S A o e U sk SR e e AR
RO BOW . HAERER, & RNA BEFESRIME, fzed T
ST G S 97 8 R 45 (Sparks &, 2008) . M X HE N 4K I B A 5 48
BRCFT 5y JAK-STAT 38 i i 42 5 4K R G B2 A0 40 i 9 B9 RNA F 38 (RNA

14
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inference, RNAI) ZFHL#| A (Beutler 5%, 2007) .

JAK-STAT i % . R# R DCV J5, H &N &4 % 09 51 6k
Drosomycin. attacin A. cecropins A1 f1 A2 3 [ 7E P9 (1) 11 4~ 3 K] %2 3] i
$ £k (Roxstrom-Lindquist 2, 2004) . W H&ES DCV WG, R
WEAR YA B AR I R A AR 140 2R B (Ot AE,
2008) . WHFREMXLERENAG Mo 5 JAK-STAT @ik, HE5
Toll ¢ IMD 4215 5 18 % 1) 25 3 2% R G oG e . 0 BF FE R B, SR i 4K
W gm0 JAK B 11 hopscotch 2 ] & A8 S AR B, 2 386 i S e X DCV 1
&M (Agaisse F1 Perrimon, 2004; Hedges #l1 Johnson, 2008) .

RNAI HLH]: B = A HO8 RNA B/ BT BUIE B8 20 e, DLz 7 20
77 A s R R Rk (Sabin %8, 2010) « RNAi AN 15 /] BL py I o 2
2k, i m] DL 2 2h IR RNA, B 5507 # RNA 1) 3&i8(Mueller 5, 2010) .
TER AR, 0 B4R Y 2 5 BUR BE AT 28 Y siRNAs, M A2 K & B 55 .
LR, 0 SIRNA S A8 2 3 i R 6T RNA i 35 1= 4s 1 SO . B
Wi fiJw # (Nora virus) Z 4, &4 ¥F £ RNA Jji # 1 DCV, CrPV, FHV,
DXV, SINV, VSV, WNV Il RVFV & KL 45 R (Van Rij %, 2006;
Zambon %5, 2006; Chotkowski %, 2008; Sabin %, 2009; Mueller %5, 2010;
Nayak 4%, 2010; Van Mierlo £, 2012). X /& T Der-2 £ /2 B9 5 47 2E
i siRNAs, siRNAs i#id RNAI @42 k3% 7 il s . A &l 1 1E
PR, Der-2 A RETE W 55 dSRNA [ 25 A F1 R 51 ik 72 A fid % WF 19
P 5 {5 5 1 2Bk ) . (Deddouche 4§, 2008) . Dcr-2 J& T DExD/ H-box
R e B K R, e BRI s R i EL BRI 3K RIG-1 =2 AR, ARG 40
JRUW # RNA JFAF R B . i 5 RNA 5 Der-2 (182 fill A AT BL 51 & RNAI
KA 55 E i, I8 BE UK — FIRE TE B S SO, A0 BE V0T SR e AT i T
& N B0 B 20N Y Vago (Deddouche 4, 2008; Paradkar 2%, 2012) .
RE Der-2 B SH R RFE, HPFREREY, XM E L9
Joi A% 2K s TR o0t B R AR B AR OB, SR T LB I S R S
RN . RNA HAE B Dnmt2, 18— B AE 1% s, &l 40 B

15
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A LL4S 5 DCV 1) RNA Jf i #2925 (1112 4 (Durdevic 5%, 2013)

Toll 3 #% A IMD 3 B 5 2 4 H Al 2 44 10 RNA 8 35 B0E C L 1.4)

Toll i % HE AR Toll 3214 & 4] & AE KWK N K BLH), BEJ5E8] Toll
SARAE G B A T R AR AR, BER W AL s AR N B T 3K Toll 32
& (TLRs) (Lemaitre %, 1996; Fitzgerald A1 Chen, 2006; Lemaitre f/l
Hoffmann, 2007). /<% Toll i i (1 P E HLHI & KR 56 2 B W, (AR
KIL, DXV 12 G R DL 8 2 00 5542 G I K R0 JS #1 < J800E Toll 18 %
(Xi %, 2008; Ramirez fil Dimopoulos, 2010); {H & iX ££55% & {2 Y& 5 I % &
Wih Toll 38 ¥ 1) NFxB X 5 [A, 1 A2 38 I 17 R I Aff 0 AR 325 3 7 i 0
U BE AL o 72 R W AR N K ILAFAE 53— F 55 NFxB ZK R LR B VSV i &
H Toll 324k (Toll-7) , 1% 3 4 A S0iE B 7 19 B Wk 1 72 (Shelly %%, 2008;
Nakamoto %%, 2012) .

IMD 3@ % : IMD i % /& NFwB AH ¢ #, 75 S AT 1 5 % 14
AP EZEEM . IMD i@1en] DUA R0z i) o i 5 (SINV) Al
WE IR RO 3 (CrPV) 1 E R R BRI & . A H Al A B IMD
15 5 B WO AL DL R R 195 28 52 1 i AL 41 CAvadhanula %, 2009; Costa
%, 2009) . HARZIEE M RPURE KA RERREE R A ZEME T,
EAT LR AP Ak G DiptB wf A3 hn L g Xt SINV fUFitE (Huang 4%,
2013) .

B R — o B ORST  EAEAL 2 i VA R R A
Ko A R A Y CLum 5%, 2005) o H W AT LLRR il 2 9 S5 9 78
g FAAN B E S . RET WAL, B WAL DTG E AR B R el R
R ) T EOCEEAMER (Shelly %5, 2009) o [H B 2 b = A 1 3 I 14
Yo s ref(2)P B DL 5 b 4K N Sigmavirus B E #lid 2 (Fleuriet, 1980;
Contamine, 1981; Nezis %, 2008) .

Wolbachia: ¥ % LW 518 3 O A 3L 4, H b Wolbachia & — 7 fig
QT MBI o FLAB, REEKY 65%1 11K 3 (Jeyaprakash Al
Hoy, 2000; Hilgenboecker Z£, 2008) . M5 & I, Wolbachia 7] DL jin

16
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W E B RNA RS bitE, @FH DCV. FHV. CrPV fl Nora ¥ & &
(Teixeira &%, 2008) . M4, %+ Wolbachia 58 {4 P Y Ho #55% 25 4 78
Je &9 3 (West Nile virus, WNV) [ & it 52 2| #11 # (Glaser 1 Meola,
2010) .

1.4 B

BLAE B HUE A BT A A AT T R e R R AR R 2R . N T T
Mo, A EE AL T e B R R . B EROR T TR R R A
KXFHT RNA RE R G 1 AR DU 25 B 1 A0 AH SR D s Mg 42, AN UAT B
T AT TR B H G R A e A S, e PR IRAIT A 3T B B e A R
B AN, B PR AR B R R ) DU B R A B 2 N SR
PR, X EEATRESh ) K SR A D T RE B R T M AR HE B W AN B HE S )
R, A AR PR B rh B kR . S b, B HURE A RO
HIX L RNA R 10 AL, 1 VF 22 50 HE 3 W 508 S Jm 0 3R B s ™
HURGUREIR . Rk, X B RNA W R 5 1id £ 2 18] IAR BB 7% B8 08 v 3K
A7 4% il 9 2 PR IR AR AT R R 4F ) 2 A

17
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TOLL IMD JAK/STAT Autophagy RNAI
Viral Viral upd &8 Viral InR Toll- )
Spatzle. Sensor? Sensor? Sensor? .VII’US
PGRP-LC domeless
Toll o
JAK
(Hop) / \
RdRP
MyD88 l Stat92E \ / I S
pelle 'Mmd l - Replication
Tube - Intermediate
\ PI3K r2d2

/ -
l - ldFADD l Viral dsRNA Ars2

Dcr-2 .

Cactus Dredd cBe
(IkB) l - VsiRNAs
AN T
o s
o . - TOT IOT
(NfkB)
TOR
Relish L
(NfkB)
Autophagy
J— VRNA / Ago2
VSV [ 1] ]
L NELF ‘ Productive
Nucleus ] ol Transcripts
umtimicriobials‘ﬁntimicriob\'als - R)ntimicriohials F) P
Antivirals? Antivirals Antivira_ls Short DSIF Antivirals
(e.g., attc, dptB) (e.g., Vir-1) Transcripts (e.2.TOLL, IMD,

JAK/STAT, autophagy
and RNAi components)

Bl 1.4 ST RNA R 8 B %% I B % B (fF Xu A1 Cherry, 2014)
Fig.1.4 Antiviral innate immune pathways in Drosophila (by Xu & Cherry, 2014)
o YU R B S Toll M. IMD . JAK/STAT @ . Toll-7 H Mg
2 H RNA JTBRIE 1255 .
Note: The Toll pathway, IMD pathway, JAK/STAT pathway, Toll-7-autophagy
pathway and the RNA silencing pathway are shown as they relate to antiviral

immunity.
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F-E ERHBEAAHMN RNABRERNEE

R O AN R E T RV B O KRR, T HIE 2 RDV. KT B A%
J% 2 (Rice yellow stunt virus, RYSD) 1 #& %5 %5 & (Rice yellow dwarf virus,
RYDV) % & B AL 3K A (Fukusni, 1940) . H 1, RDV J& I i U &
FHE Y07 i O 55 & . A WUEE RNA % #  (Suzuki, 1989) . RDV A LATE
Ha BB AN ST E 6 585, It B &mKEE, M
WA REK R AT 22 AL H . B AE A Y b B Re s B, oA oA
ZURRYE . P A BRI 5l KRR B 48 5 8 T, AT DU B At IRk G 7K F
) KT AR 987 5 o 7K R A2 77 B IR A R o TR UL, $R W PR R M X RDV
A% 47 BIL 1) DA K 9 2 1 ELAE 5% 2R DA 25095 428 I i R R KRG 6 4 9 R AT
S SBERTII

Ik, FrfEsci =5 L4 RDV i B 6 2 R e e i I i3k 47 4%
AL FE Aoy A, AFEH R ORI T SRR R B, IR BN AT R R L
ARE )R EE IS, M H B BN R #3083 2K 4 A F
7 B W EE RNA J55 5 (I i 005 5 £} Revoviridae) , 1E ¥ 8 RNA i 5
& e M 50 995 9% 75 &L Iflaviridae A1 XUIG [ 7 %% 2% B Dicistroviridae) Al
i SCHLEE RNA 38 (3R % 22 BL Rhabdoviridae) %5 . %5 T K A % 55 1
BUR AN R LA R AE TR — 18 AR N AT B A7 7E 58 % 52, BRI AN AT 1) Y oK
A=Wy i6 B R W, 3 WM O A% ) LA R B I RDV SR 1 58 S+ 410 )
RO SR B 45 7K A 9 25 0 B0 R A

NG, A BRI 4y T AR A O % B IR A R B O BE SR I A R A
AN MARGRERXRSH, KRR, R — PR
B L4y A L &% 5 RDV HAE < R4 ML .
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2.1 B 5 5

2.1.1 RIH R

2.1.1.1 B il

R R M R AR T VLM W KR &R X Ak . H E RS K
MM RN KBS ESSE R 3IAULE, KA. W%
T e 27+1°C . AR BE 7045%. Otk B2 12000-14000 Lux A6 A # A
14h:10h OLRE:REE)

2.1.1.2 itk /K 75

MR s N U FE SR R BRI RE S R . B A AESR 1 5 (Taichung
Native 1, TN1) , 4 WfF FHBR&d Ry 7d 4 F 30d A2 A5 B AS 1 ke £k - i
R EAE R BT REE KR E FERE T LR 2.1,

2.1.1.3 EE R

FHF 5 DR 5w B i A 9 R57 . 4 Trizol 7 & W T 3£ [F Invitrogen 2
=] 5 PR A DIEE . T4 DNA JE 88 . %38 PCR W71 & Al SYBR & & PCR
KA EEW T RKEEEY TFEAF; cDNA S & . DNA Marker.
KA B2 S M0 T NS B YA R A R & . A )5tk
fi Ak 70 0 A R TRl WA ) & S e T B AR A IR A HD

2.1.2 RE¥F &

2.1.2.1 B b opg B 4 2 R ] 10 e BE 5 P

DL RR I e Y R B S AL B O P, pR Ry I R BISOm s R A, R
i p B TE 51 (3R 2.2) , B8R B Fr A1 A IR i R R S8 B8 . 9 B cDNA
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5 RACE Bt i % F2 k.

* 2.1 KFEKEE FWBL T (Yoshida %5, 1976)

Table 2.1 Formula of rice liquid culture medium (by Yoshida et al., 1976)

w1 91.6 g/L NH4,NO;; 88.6 g/L CaCl,
it & W 1T 40.3 g/L NaH,P0Oy4; 71.4 g/L K,SO,
fits £ WLTIT 324 g/L MgSO,

MEILEMLWI  1.5g/L MnCl,; 0.934 g/L H;BO; (IR ) ; 0.031 g/L CuSOy;
0.074 g/L (NH,) ¢Mo0;0,4 (-LH#ERZ ) ; 0.035 g/L ZnSOy;
7.7 g/L FeCy3; 11.9 g/L ¥R

BL R F 2 DR, SR\ 50 mL KA ER, INZ&MKE 1L,

Bt 77 AW T 1.25 ml/L; fE& W IT: 1.25 ml/L;
fiE 2 W IL: 1.25 ml/L; iECEMESHWIV: 1 ml/L

fic B 52 ik J5 75 /0 NaOH % PH {58 £ 4.5-5.0, Aaf it 6.0, 74 LHT .

2.1.2.2 HEM IS RNA $#2 5

(1) ¥ TRI1zol® CInvitrogen, California, USA) ffi FH#6 8], #E4% 2 ml
B0, 45, I 500 pl TRIzol 2 UM, —HRi49ER, M8 1k
M

(2) H Tissuelyser 20 23R B& A LAEE#P 30 IR A, FT#F 4 B5 3 min,
E iR IE 5 min fRiEH TR

(3) FEFECERM 100 ul HA5, REFEY 15s, ZHFFE 2 min, 4 C
12,000 xg &0 15 min, MEEFAEB D =) RNAFE EZE7KAH . TREX
W 250 pl AR, BMED, # & 10min. 4 'C 12,000
xg &0 10min, % EiF . S5 750 ml /K 4B, F i 250 ml DEPC
K, IEBE RNA.

(4) 4 °C 7,500 xg, B> 5min, f8#& EiF, #E T4 10 min. fi1 30 ul
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DEPC /K, M kBRI, B,

(5) BEANFE SR L 50E 4 )% )% 11 Nanodrop 2000 ( Themo scientific,
Wil mington, DE) Il %€ . # RNA H PVDF & 7738 i, AfE-70 C
RAE

2.1.2.3 cDNA & ik

ffi Fl TransScript® One-step gDNA Removal and cDNA Synthetic
SuperMix (434, dbxt, P ED @A &, wEEEE, DER
RNA 4R £ i cDNA.
(1) 435l F PCR & imA

Total RNA 1 ng
Anchored Oligo(dT).g Primer 1 pl
Random primer 1 ul
TransScript RT/RI Enzyme Mix 1 pl
2x TS reaction Mix 10 pl
gDNA Remove 1 pl
Rnase-free Water to 20 ul

B2, BEEIK.
(2) £ PCR HHUUTFEF: 25 C 10 min; 42 C 2h; 85 ‘C 5min. ¥
315 cDNA B T-20 CUKFE1R-4E .

2.1.2.4 RACE

K H AT Primer Premier 5.0 70 ¥it R w514 (% 2.2) , Wik
THEYITR (B REARAREGHR, HTWHEEERAR PCR .
1 i SMART™ RACE cDNAamplification (Clotech, California, USA) iz
&, U DR, B EE N 5T 37 T A

BT A 1) PCR &34 7= ¥ 5 Bt &5 pET-28a kL #k 1k b, JFix £ LigH
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v 2> =] I P

*® 2.2 R A AR D A v BE B 51 W A

Table 2.2 Cloning primers for viral genomes from Nephotettix cincticeps

) Position in
Primers Oligonucleotide (5°—37)

Orientation  Application
Genomes

NcNSRV-1 (Nephotettix cincticeps negative-strand RNA virus 1)

C53292F-1 1-25 CCTGAGTCCTGGAAGACTGAGTCAT — To confirm
C53292R-1 895-917 CCGGTACCACATTATCAGTCCCA «— viral
C53292F-2 787-809 CTAAGGATAGAGTCGCTGCCCTT — genome
C53292R-2 1695-1714 TTGATGGTGGATGCGGAGAG «—
C53292F-3 1559-1578 TCGGGGTAACAATGTCGCAT —
C53292R-3 2429-2452 TCAGAGTGGTGATGTTATCATCGG —
C53292F-4 2311-2331 TCAGCACAAGCTTTCGTGGAG —
C53292R-4 3196-3217 TGTCCATTCTCCCAAGTCTCCT «—
C53292F-5 3095-3116 TTGATTCGATATGGATTTCCGG —
C53292R-5 3922-3947 GTCAATAACAGAGAATTTTTCCCAAG «—
C53292F-6 3842-3863 TCACGGTCTCCTGGTCAGTAAG —
C53292R-6 4730-4754 TCATAAGATCCTCCATCAGACAGTG —
C53292F-7 4603-4625 TCGTTCAAGGGATTAGACACCAT —
C53292R-7 5478-5501 TCTCTCCCATCCATACTGACCAAG «—
C53292F-8 5338-5360 CAAGAAGGGCAACAAAGCTTAGC —
C53292R-8 6177-6200 TTATCGCTCGGTATCCTTCATTCT «—
C53292F-9 6053-6077 GCACAGAGATTCAACTGTCTCCTAT —
C53292R-9 6961-6982 TAATCTGGGTTCGTTCTTCCCT —
C53292F-10 6839-6859 TCGGTGATCATTAGATGGCTG —
C53292R-10 7686-7711 TCTACAGGTTTTCTTGAGAGACATGG «—
C53292F-11 7566-7590 TGGACAATCTGGAGAACTTTCTGTC —
C53292R-11 8442-8463 GCCCTCCCTTGGACTGTAGAGT «—
C53292F-12 8340-8364 TCCGAGAATTCCTGAGATTAGCTAC —
C53292R-12 9239-9260 TCCCGTAGTTGCTCATACCATC —
C53292F-13 9111-9134 TGGTCTCAGGAACCCTAGAACATC —
C53292R-13 10007-10028 TGAACAGCTTGTGAAGGCAAGT «—
C53292F-14 9890-9912 TGGTTCCTGAAATTGGCAAGTCT —
C53292R-14 10760-10781 TGAAGATCACTTGAGCCTGAGG «—
C53292F-15 10601-10625 TACAAGGTTCCTGTGTTGATCACCT —
C53292R-15 11470-11492 TGACATTTGGATGAAGTCTCAGG —
C53292F-16 11309-11330 TCTAAGGCAATCCAAGCTCGAT —
C53292R-16 11961-11981 TGGGCCCTAACATAGGCATCT «—
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) Position in ) ) o
Primers Oligonucleotide (5°—3’) Orientation  Application
Genomes

NcNSRV-1 ( Nephotettix cincticeps negative-strand RNA virus 1)
C53292F-17 11841-11863 TCCATGGCTTTCCAATCCTATCT

—
C53292R-17 12316-12337 CGACTACCAGCCCACCAACTAC «—

C53292GSPF-1 >898 GATTACGCCAAGCTTCCCAACCCTGTCCCACTCAGAGACAACA — 5’-RACE
C53292GSPR-2 >576 GATTACGCCAAGCTTGTCGGCTCCCATCTCTCTCACGCAT —

C53292GSPF-1  >1145 GATTACGCCAAGCTTCGGAGGTCTATCTATGTGGGGTTCAGCC — 3’-RACE
C53292GSPR-2 >833 GATTACGCCAAGCTTGGAGTGTCCACCTGCCTACCAAATTCCA —

NcPSRV-1 ( Nephotettix cincticeps positive-strand RNA virus 1)

C57866F-1 1-20 GAACCTGTCTGTTCGGGCAG = To confirm
C57866R-1 876-896 GTCAATGCGCATCTCTACGGT «— viral
C57866F-2 697-720 TAATTAAGGAGAAGAGGCGAGAGG — genome
C57866R-2 1562-1586 GGAGGCAACATTCATTCTATTAGCT «—

C57866F-3 1418-1439 TGGCACGCCTAATAGTGTTCCT —

C57866R-3 2197-2218 TGGTCCACCGTTGAAATTGAAT —

C57866F-4 2049-2070 TCGCGTTATACTGATGCAGCCT —

C57866R-4 2926-2950 TCAGTCTTAACATCTGGTTGGCTCT «—

C57866F-5 2816-2837 TGAACACATAGCCCAAGTTTGG —

C57866R-5 3648-3668 TCCATCGACATAGGATGCGAT «—

C57866F-6 3523-3543 TGCTGTCAGGGTACCGTTTCT —

C57866R-6 4398-4419 GGTGTTGATCTAGGAGCGCTCT —

C57866F-7 4295-4320 TCCTGTAGTTATGGCCATAGCATTAG —

C57866R-7 5155-5174 TCCAGAACGCGTCACGAAAG «—

C57866F-8 5054-5073 TGCCCGTGTACCAATAACGG —

C57866R-8 5919-5942 GTTCGCTAGGAGACCCATTTTCAT «—

C57866F-9 5774-5798 TGAGATGAGTCCACCTGCTAAGATG —

C57866R-9 6459-6482 TAACTCATCGTCTTCGTCGACACT —

C57866F-10 6341-6364 TAAGATCGATTGGGATAAGAAGCG —

C57866R-10 7217-7240 GGAGTAGTATGAATTACCGCGGCT «—

C57866F-11 7101-7122 GCCGCGACGATTAGATTCATTA —

C57866R-11 7957-7977 TACGGCTAAGACGAGTTCCGC «—

C57866F-12 7835-7856 TATTGCCACTGAAGCCGATCAT —

C57866R-12 8739-8760 GATTCATCTTACGGCGGTTACG —

C57866R-13 8586-8606 TTAGCGTGGACTTCGTCGGAG —

C57866R-13 9130-9149 GCACCGCCGAATGTTCCGAT «—

C57866GSPF-1  >535 GATTACGCCAAGCTTCTAGGTTGGGGCCCGATGGGGAAGGCAT — 5’-RACE
C57866GSPR-2 >967 GATTACGCCAAGCTTCGTTTTGGTGGGAGACGGCCGCC —

C57866GSPF-1 >1121 GATTACGCCAAGCTTGTCGCGCAAAATTGCTGTGAGTTGATCC — 3’-RACE
C7866GSPR-2  >1163 GATTACGCCAAGCTTACTGGCGACTACTCGAATTTCGGTCCTG —
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2.1.2.5 REM MR G NARFS 5 RGHEL DT

(1) FIH DNAStar % (Madison, WI, USA) Xf L bl J5 F7 453 21 1) 9
BT RS .

(2) F FI7E 2 70000 ) 56 ) NCBI1 ORF finder >R T3 3 43 4 7 5 2 K] 4H
A] BE A7 TE B9 FF BB B2 HE - Chttps://www.ncbi.nlm.nih.gov/orffinder/)

(3) HMFHIJTIEH) Phobius 3k I 55 #% % 8 % & 1> ORF K5 B8 5 & A5
TR CKall 55, 2007) . JF A JFJE ProtParam K uf i 55 48
(http://web.expasy.org/protparam/) XJ%% # ORF K4 7 &= K/N X
LR pl REEAT Al R TR NetPhos 2.0 M il ik 55 &% Tl 12 1)
1 ORF Wi 4k 7 &5 (Blom £5, 1999) ; i NetOGlyc 4.0
( Steentoft 5, 2013) UL & NetNGlyc 1.0 Chttp://www.cbs.dtu.dk/
services/NetNGlyc/) FUll iR 7 & — 4~ ORF MIME &AL AL &5 R A
motif /5% 7> #r LA MEME 5l 5 B 5 ] 25 60 9F 2 A4 [X 380 B ] R
A OR 57 I 3 s ah A2 1k 7 51 (Bailey 55, 2009)

(4> F|H Clustal Omega Chttp://www.ebi.ac.uk/Tools/msa/clustalo/) #f
TR ERK 2 EF A X . F M GeneDoc
Chttp://www.softpedia. com/get/Science-CAD/GeneDoc.shtml) i 17
I B8 2% A I b X o0 i 4

(5) # 1 NCBI PASC 7335 1T B X} 9 B¢ Fp 51 #EAT A% L X 70 i (Bao 4%,
2014) . AP A MEGA 5.05 #4255 10 R G (bW, RA K2
B KL AR, B E 1000 VX 1) bootstrap resampling( Tamura %5, 2011).
FrE BB B e 5 8 xS HE S AE R 2.3 .
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Table 2.3 Information of virues selected for phylogenetic analysis

RefSeq or GenBank

Mononegaviral family Genus Natural host Virus Virus abbreviation
accession number
Bornaviridae Bornavirus Horses; sheep; Borna disease virus 1 BoDV-1 NC_001607
cattle; rodents; Parrot bornavirus 1 PaBV-1 GU249595
birds; humans Canary bornavirus 1 CnBV-1 KC464471
Aquatic bird bornavirus 1 ABBV-1 NC_029642
Comovirinae Comovirus plants Cowpea mosaic virus CPMV X00206
Fabavirus plants Broad bean wilt virus 1 BBWV-1 AB084450
Nepovirus plants Tobacco ringspot virus TRV AY 363727
Dicistroviridae Aparavirus Invertebrates Acute bee paralysis virus ABPV AF150629
Cripavirus Invertebrates Cricket paralysis virus CrPV AF218039
Triatovirus Invertebrates Triatoma virus Trv AF178440
Black queen cell virus BQCV AF183905
Pteromalus puparum small PpSRV EU680971
RNA-containing virus
Iflaviridae Iflavirus Insects Infectious flacherie virus IFV ABO000906
Marnaviridae Marnavirus Seaweed; Heterosigma akashiwo RNA HaRNAV AY 337486
virus
Mymonaviridae Mononegaviruses fungal plant Sclerotinia sclerotiorum SsSNSRV-1 CP002684
negative-stranded RNA virus 1
Nyamiviridae Midway nyavirus Birds; insects Pteromalus puparum PpNSRV-1 KX431032

negative-strand RNA virus-1
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RefSeq or GenBank

Mononegaviral family Genus Natural host Virus Virus abbreviation
accession number
Nyavirus Ticks; birds Nyamanini virus NYMV NC_012703
Midway virus MIDWV NC_012702
Socyvirus Nematodes Sierra Nevada virus SNVV NC_024376
Soybean cyst nematode virus 1 SbCNV-1 NC_024702
Paramyxoviridae Aquaparamyxovirus Fish Atlantic salmon paramyxovirus AsaPV EF646380
Avulavirus Birds Newcastle disease virus NDV NC_002617
Ferlavirus Reptiles Fer-de-Lance virus FDLV NC_005084
Henipavirus Bats; humans Hendra virus HeV NC_001906
Morbillivirus Humans; dogs; cats; Measles virus MeV NC_001498
cetaceans
Respirovirus Rodents; humans Sendai virus SeV NC_001552
Rubulavirus Humans; apes; pigs; Mumps virus MuV NC_002200
dogs
Picornaviridae Aphthovirus Mostly Foot-and-mouth disease virus FMDV AAG45408
cloven-hooved
animals

Aquamavirus Seals Seal picornavirus type 1 SePV-1 EU142040

Avihepatovirus Ducks and geese Duck hepatitis A virus 1 DHAV-1 DQ226541

Avisivirus Turkey Turkey avisivirus TuASvV KC465954

Cardiovirus Human, Vertebrates Encephalomyocarditis virus 1 EMCV-1 M81861

Cosavirus Human Human cosavirus Al HCoSV-Al FJ438902

Dicipivirus Dog Canine picodicistrovirus CPDV JN819202
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Mononegaviral family

Genus

Natural host

Virus

Virus abbreviation

RefSeq or GenBank

accession number

Enterovirus
Erbovirus
Gallivirus

Hepatovirus

Hunnivirus
Kobuvirus

Kunsagivirus
Limnipivirus
Megrivirus

Mischivirus

Mosavirus
Oscivirus
Parechovirus
Pasivirus
Passerivirus
Potamipivirus
Rosavirus
Sakobuvirus

Salivirus

Sapelovirus

Senecavirus

Human
Horse
Turkey, chicken
Human, Vertebrates
Cattle
Human; cattle
Bird
Teleost fish
Turkey
Bats

Canyon mouse
Birds
Bank voles; human
Pigs
Birds
eels
Human; rodents
Cats
Human and
chimpanzee
Pig
Pig

Enterovirus C
Equine rhinitis B virus 1
Turkey gallivirus
Hepatitis A virus 1
Bovine hungarovirus 1
Aichi virus 1
Kunsagivirus Al
Bluegill picornavirus 1
Turkey hepatitis virus
Miniopterus schreibersii
picornavirus 1
Mouse mosavirus
Oscivirus Al
Human parechovirus 2
Swine pasivirus 1
Passerivirus Al
Eel picornavirus 1
Rosavirus A
Feline sakobuvirus A

Salivirus NG-J1

Porcine sapelovirus 1

Seneca Valley virus 1

EV-C
ERBV-1
TuGV
HAV-1
BHuV-1
AiV-1
KuV-Al
BGPV-1
THV
MsPV-1

MoV
OsV-Al
HPeV-2
SPaV-1
PasV-Al
EPV-1
RV-A
SakoV-A
SaV-NG-J1

PSV-1
SVV-1

KY654325
X96871
JQ691613
M14707
1Q941880
AB010145
KC935379
JX134222
HM751199
JQ814851

JF973687
GU182408
AJ005695
JQ316470
GU182406
KC843627
JF973686
KF387721
GQ179640

AF406813
DQ641257


https://en.wikipedia.org/wiki/Enterovirus_C
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RefSeq or GenBank

Mononegaviral family Genus Natural host Virus Virus abbreviation
accession number
Sicinivirus Birds Sicinivirus 1 Siv-1 KF741227
Teschovirus Pig Porcine teschovirus 1 PTV-1 AJ011380
Tremovirus Birds Avian Encephalomyelitis virus AEV-1 AJ225173
1
Pneumoviridae Humans; birds Avian metapneumovirus AMPV NC_007652
Metapneumovirus
Orthopneumovirus Humans; cattle; Human respiratory syncytial HRSV NC_001781
rodents virus
Rhabdoviridae Cytorhabdovirus Plants; insect Lettuce necrotic yellows virus LYNV NC_007642
vectors: aphids,
leafhoppers,
planthoppers
Dichorhavirus Plants Orchid fleck virus OFV NC_009609
Ephemerovirus Cattle; mosquitos Bovine ephemeral fever virus BEFV NC_002526
Lyssavirus Human; mammals Rabies virus RABV NC_001542
Novirhabdovirus Fish Infectioushematopoietic IHNV NC_001652
necrosis virus
Nucleorhabdovirus Plants; insect Potato yellow dwarf virus PYDV NC 016136
vectors:
planthoppers and
aphids
Perhabdovirus Fish Perch rhabdovirus PRV NC_020803
Sigmavirus Fruit flies Drosophila melanogaster DMelSV NC_013135
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RefSeq or GenBank

Mononegaviral family Genus Natural host Virus Virus abbreviation
accession number
sigmavirus
Sprivivirus Fish Spring viraemia of carp virus SVCV NC_002803
Tibrovirus Cattle; water Tibrogargan virus TIBV NC_020804
buffalo

Tupavirus Birds Durham virus DURV FJ952155

Varicosavirus Plants Lettuce big-vein associated LBVaVv NC_011558
virus

Vesiculovirus Humans; cattles; Vesicular stomatitis Indiana VSIV NC_001560
horses; swines; virus

sandflies; blackflies

Secoviridae Cheravirus plants Cherry rasp leaf virus CRLV AJ621357
Sadwavirus plants Satsuma dwarf virus SDbV AB009958
Sequivirus plants Parsnip yellow fleck virus PYFV D14066
Torradovirus plants Tomato torrado virus ToTV DQ388879
Sunviridae Sunshinevirus Snakes Sunshine Coast virus SunCV NC_025345
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2.2 R 54

221 BEMMBEEF NCPSRV-1 & —FIE X ¥4 RNA JF

I v 7 I I M e S AL, SR — S KK 49 9 10000bp ) AH AU

B, BILBLASTELXY, KB 7 41 5 38 /N RNAJ 5 Fr 51 AR UL 82
HE M % 5 75 N /D RNAJE 3 H Picornavirales, 4% & ¥ # J& % i & #}
Iflaviridae , I % H v 4 N NcPSRV-1 ( Nephotettix cincticeps
positive-strand RNA virus 1, & & M- 1E 55 RNAWI 5 ) . 2 J5 , il i RT-PCR
FRACERAT 7 # 56 ik« 45 R R B, 1200 B8 2k N 4 4 7 %1 K 2 29'10,180 bp,
71— ORFIX I (f771261-9,839) , A KEHENENANIL4% (K
2.1) &

2.2.2 BEMH K E NCNSRV-1 £ —Fh 1 X ¥4k RNA KRS

2% B 4 K N 12,337bp, A AR 28 B 20 # 4 1% 5 2E 4T ORFs % £Y
I8 ERFPE TN 3 B, AT RIS T R2.4. ORF I4wiBE A S K& &
% R 9% 5 Diachasmimorpha longicaudata rhabdovirus (B % 1 &% %% 75 H
Mononegavirales: Ik 7% & £ Rhabdoviridae) fJRARp/F ¥ A % = 1 AH AL
PE, ORF V%ifi%#E H 5 = Ik /K &8 /% # Sanxia Water Strider Virus 5 (HJi%
4 9% ¥ H Mononegavirales: IR i # £l Rhabdoviridae) fIRARpH i &
FE AR AL . HoAB 3N OFRsZ IS E R KA 5 2 m AL & B P51 .

WIENCBILL X &5 5, ORF IN#%E H (Nucleoprotein, N) 5 &5 & &

ZER AT B BT R B, ORF VN K 2§ A (Large polymerase protein, L);
HAHORFIVEHESIKFS, M HORF IVE K E A T NpE 1k A7 55
MOPEIR A AL A, NFEEE (Glycoprotein, G) ; ORF I B £ @i fR 4k fr
M, Kz NBEE A (Phosphoprotein, P) ; ORF I3 & (Matrix

protein, M)
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ST NCNSRV-14# i RARp ) #% o motif F i K LR EHEAT R G K& 0 #r
HE— 25 B A 7 9% 2 NCNSRV-15 HAih 47 %% 95 2 19 2 BE .

A CP1 CP2 Helicase Peptidase RDRP
1590 2394 5166 7893 9405
1045 :1822: 4651 7348 18029 :
5, e e o S : 3’
B

’;99,7":\{
- “NcPSRV-1 ]

BI2.1 M) o 3 NcPSRV-1H JE [K 41 45 74
Fig.2.1 Genomic organization of NcPSRV-1

WH: (A) 57 NcPSRV-1 ) ORF X 1%, K FHERI A ORF, J7AE N NASIE K A&
FHE A (CP1,CP2) AIdE45#y#E A (Helicase fi# fig i, Peptidase &K H ¥, RdRp
9 RNA-dependent RNA polymerase K #i T- RNA ) RNA & 8) . (B) i &

NCPSRV-1 I Z G K B /M. &1 id % 7 NcPSRV-1 A1 H & % A% 7 9% 7 1 RdRp
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8% > motif M & R G K EM . 8 NcPSRV-1 A B A& B br &, & ELER

) /& 1000 X #E & J5 1 bootstrap fA -

Note: (A)The ORF of NcPSRV-1, indicate nucleotide positions, and the open box
represents the entire ORF. The positions of structural proteins (CP1 protein; CP2
protein) and non-structural proteins (Helicase; Protidase; RdRp, RNA-dependent
RNA polymerase) are shown. (B)Phylogenetic analysis of NcPSRV-1: phylogram of
the core RdRp motif of NcPSRV-1 and selected viruses fromall mononegaviral
families. The position of NcPSRV-1 is indicated with an orange line. Bootstrap

values in 1,000 replications are shown.

% 2.4 T 7 NcNSRV-1 /1 ORFs [ 4 1 5 P

Table 2.5 Predicted properties of ORFs in NcNSRV-1

No.of
No.of )
ORF Protein . ) phosphorylation
Viral Signal  glycosylation sites ) BLASTP E
Length Mass pl ) sites
ORF peptide match value
(nt) (kDa) O- N-
Ser Thr Tyr
linked linked
ORF 1 1,314 437 48.52 5.39 3 0 21 15 6 N protein* 3E-04
ORF 11 1,020 339 37.91 7.33 10 0 26 10 3 ND** -
ORF 111 759 252 28.58 8.99 6 0 16 10 5 ND -
ORF IV 1,752 583 66.23 8.04 1 2 48 16 5 ND -
ORF V 6,867 2,288 261.40 7.09 9 0 142 60 27 RDRP**=* 0.0

Note: * Diachasmimorpha longicaudata rhabdovirus; ** No significant homology was detected;

***Sanxia Water Strider Virus 5.
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Fig.2.2 Genomic organization of NCNSRV-1
e CA) i # NcNSRV-1 FJ3E R &K A4 M A . 51 ORF X4 Ak + A4

(B B AE R, AR AR T 2 ORF AL E AR/, ORFV Zi % 4K # T RNA
RNA & & (RNA-dependent RNA polymerase, RdRp, L) . (B) (C) 433l A
18 e e sk i MR e e b b7 %), (D) Wi NcNSRV-1 [ R4 K & 7 41
f& L 5 NCNSRV-1 AL & B i 7 B8 0% % 1 RARp 4% 0 motif # &1 R G K
AR o B NCNSRV-1 1 47 Bt bs &, & B 2 7R 19 /& 1000 X 5 & J5 ¥ bootstrap
fE.

Note: (A) Genome length and organization of NcNSRV-1. Each Open reading frame
(ORF) is in the different frame. Boxes indicate the position and length of each ORF.
ORF V encodes the RNA-dependent RNA polymerase (RdRp, L). (B) Putative
transcription initiation sequences. (C) Putative transcription termination sequences.
(D) Phylogenetic analysis of NcNSRV-1: phylogram of the core RdRp motif of
NcNSRV-1 and selected viruses fromall mononegaviral families. The position of
NcNSRV-1 is indicated with a blue line. Bootstrap values in 1,000 replications are

shown.

2.3 it

75 R AR Y R B 2 FH T RNA 95 8, B (+)ssSRNA i # NcPSRV-1
A1 (-)ssRNA 75 5 NCNSPV-1.

NcPSRV-1 4K 10,180 bp, fXf 1 ™K ORF. H T IE L # 4 RNA
T3 T ¥ 2 A5 45 M) S 1 I AR R 1 B AR AR, T g B R o A A A R
Fe 5 W AR i o e e, BRI AE &R G E 4K 4 BT B A RDRP X 385K i3 47 L
Xf o 38X AN F G EE RDRP X I R Gk X R 40 #1, KW NcPSRV-1
5 % 2 CInfluenza Avirus, IFV) MU &, FJE 72 RNA %6 7% H 1%
PSR B R H A0 ORI IE U EE RNA i 8 K2 HA &G,
1M HL3& 2 VF 2 B R ) A0 N 28 I T Ak, ™ B £ 5 R A 10 0 B 8 o
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(Tobacco mosaic virus, TMV) . /& 4% 52 & () [ B % % 7 (Foot and mouth
disease virus, FMDV) 1% J& J#% # (Classical swine fever virus, CSFV)
5l & NS I 75 BY AT 99 7 (Hepatitis C virus, HCV) . A& K i %A
£ (Poliovirus) 1 SARS 7 & ( Severe acute respiratory syndrome associated
coronavirus, SARSCoV) 5. IX L&y & [ 45 1) 8 H I8 % 88 WO 18 11
BB . it NCPSRV-1 1 &, v A & B Xt T8 R - i A i) 8 1 3800 1
Bl A7 5¢ NCPSRV-1 KA W) 5 5 4R &8 S R AL A 3t — B iF 5% .

NcNSPV-1 4K 12,337 bp, & 5 4> ORF [X . 5 IE% RNA Ji 8 A A,
T4 9% B 1) RDRP X S R 7 81 A sk = K0 K & (Worobey %5, 1999) 1
SR AU P, B SRR, R R AR R LA 17107 (GmylA,
2005) . DA BEAE RGEEEAL o A, 8 X BN IR ST R motif X I EE AT B
XF 73 B o A 3R 15 NCNSRV-1 ) 57 () HE 52 e s 4R Fy 51 A0 2% 18 e 51 2k il |
i A [F] 78 RNA R 55 1 motif J7 51 X, KB NcNSRV-1 5 =44 5
R B (Orchid fleck virus, OFV) 1 5 4% 2 3% {4, )i B (Potato yellow dwarf
virus, PYDV) ZERAEE S, A& 5 7B RNA 5 28 H 3O =R
SR R RE B MY . T RS M E Y. HET S RIA Ao
R N EHURIEE RS, EFARFA A EL R EEAE, HARER
HE 2 4 A 9 I G 0 B2 ) (Tenings 1 Bras-Herreng, 1987) . it NcNSRV-1
M &, 25 M AR KB H XS R m i B8 0 80w v, BIEA % NeNSRV-1
WA o 5 AR SRR TN A R AT AT

B i — DR HG O E KRS R B R IR A RDV SR AR i B T
Wz EAL. WEFLR B, RDV REX B EMBARE R, H RDV /] H
P I A 0 A Py AR B T B ) 0l a2 AR KRR A A 85 AR B 0% ok
St [R5 w0 B R W AR A B B, i g e ko R PR A% B, BE T 0
il RDV i E KA A 5T AFEFAKIK 2 #Fi 5 RDV [HJE RNA
TR, HoAE A NG SR R, PR, IX R B A T TE] S 5 AR AE SR
WEERAGEHL DI
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B8 BREMEANF RNA KER D10

fEEREMEAANKIL 2 B RNA W5, 705l & (+)ssRNA i &
NCPSRV-1 1 (-)ssSRNA %5 & NcNSPV-1.3iX % F 55 5 68 5 %5 — Fh K 8 RNA
Wi RDV [FI I AFAE T R WK . 2800, X 2 F RNA il 3555 8 2
MRS A EUREYE, LS RDV IR RWTHHMAY T Nk, A=
FERE I HT RNA 6 75 75 58 2 WAk N I 25 20 A i 2 il b, Bt LA 4 B
2 T P <0 [ = N i A o1 PR 1 = A L 2 S o N e g
Inazuma dorsalis (Motschulsky). — s Cicadulina bipunctella (Mats).
H3# i Thaia rubiginosa (Kuoh). 2570 i Psammotettix striatus (L.)-
/NI I Empoasca flavescens (Fabricius) 1Kk % i Cicadella viridis
(L) 218 LAk T 92 70 .

A MBI EFB
3.1.1 AWM K

Bl BT 2017 SR AWILE B . @i &% MmN, #dt
RO WK MR 2SI s Y. TR M IR
s DTN BERA < AT R A FHONTIR] R T e A . H ' i R S e ) SR
ERPINNE 3873 il i 0S| o B o - BN S - IS = U
PNCRUN P S Rl 7 /A o & 1 BN I AL

AN TE) s AR B AE R A S — & 2.1.1.1. KR EE =& 2.1.1.2,
3.1.2 EE MR E NcPSRV-1 BB 2 4 15

G HCRE R M N -5 R UL M AN i L, I R R R
Wi T S L OHE RS R o IR AN [R) A LR A8 . A I NePSRV-1
FE T R I AR PN PR I A 0 A A L
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By 75 19 Tu b o . L e R AE R R AR 1B (Leica, Wetzlar,
Germany) FH F#EHl; 3R 5 & U, MEWEE . P e AR 2R
R S O i ER G ORI AR O R S, ON TRzl X5 R, 4 15 B A 4
5 RNA, Jf & cDNA. B AREAF R — % 2.1.2.2 M1 2.1.2.3. LLA#EH]
50 MHEEAHAEARE N LIRESE, W3IREYTFER.

L cDNA JyREMR F1 % 3.1 sF 9314, KA SYBR premix Ex Taq™ %¢
5 & PCR iR & (Takara) , fE Bio-Rad CFX 96 Real-Time Detection
System & B PCR 1X #% (Bio-Rad, Hercules, CA, USA) 41t W] 4 i3k 4T
#AE. Bk gPCR R RWIF P

SYBR® Premix Ex Taq'™ Il 10 ul
PCR Forward Primer 1 pl
PCR Reverse Primer 1 ul
cDNA (1000x) 2 ul
ddH,0 6 ul
Total volum 20 pl

SPNREFFN: 95 C 30s, 1 MfE¥; 95 C 55, 60 C 35s, 72 C
30 sec, 40 NG WMHIL (95 C 10s; 65 C 5s; 95 C 505s) .

ROBLSE R E S, 27T R E R R MR M N &
(Schmittgen 1 Livak, 2008) .

* 3.1 MR B NcPSRV-1 i & PCR Wl (19 51 9 )7 471
Table 3.1 qRT-PCR primers of NcPSRV-1 in Nephotettix cincticeps

Primers Oligonucleotide (5°—3") Orientation
C57866S-1 AGTCCACCTGCTAAGATG —
C57866A-1 GTCTCATTCCAATCACTACC —
C57866S-2 ATTAGGAGAGAAGGGTATCG —

C57866A-2 ATAAGCAGCGTAGGATGG —
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RN 2 [ e AT FEE BRI RNA RS

3.1.3 AFE/KRBEF X M 8 7 8 280

Bk R R b X S R i (& 3.1) AHe g (& 3.2) 15
o, Ak AT RNA JREL (25 — 85 2.1.2.2) . cDNA A& (5
% 2.1.2.3) fil PCR Kl AT NcNSRV-1 &l 1E & 117 51 4 5 5l M
NcNSRV-F (1559-1578) : 5°-TCG GGG TAA CAA TGT CGC AT-3'#
NcNSRV-R(2429-2452) : 5°-TCA GAG TGG TGA TGT TAT CAT CGG-3’;
NcPSRV-1 4> 5l & NcPSRV-F (1418-1439) : 5°-TGG CAC GCC TAA
TAG TGT TCC T-3’#1 NcPSRV-R (2197-2218) : 5°-TGG TCC ACC GTT
GAA ATT GAA T-37,

BRES E LI
3 T 7

3.1 B M MR M mR B

Fig.3.1 Collection sites of Nephotettix cincticeps in China
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RN 2 [ e AT FEE BRI RNA RS

BEI Y

Bl 3.2 g R AR SR B A
Fig.3.1 Collection sites of other leafhoppers in China

Note: h= Empoasca flavescens; &%= Cicadulina bipunctella;

@ Psammotettix striatus; @ Cicadella viridis;

¢ Thaia rubiginosa; %" Inazuma dorsalis
PCR J B A 2 41 °F

cDNA 1 ul

FP(10 uM) 0.5 pl

RP(10 uM) 0.5 pl

2X Easy-ag PCR SuperMix 10 pl

ddH,0 to 20 pl

NFEFHN:94 C 5min, 1 NME¥; 94 C 30s,55 C 30s,72 C
60s, 35 ME¥;: 72 C 5min, 14 1E¥ . PCR =¥ 4 5 H 1%35 ig b
e B R Kk R RS, DLAR IR PR e B Y OE P
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3.1.4 B\ HH

X H DPS 14.50 B4 (B Ja SCAIE B 5, 2007) % B8 1E 48 1F 43 #r
S B T 2 4y BT R Tukey v 3047 58 38 MRS U6, W EE R T LN 56

3.2 &R 54

3.2.1 BEEM B ET NcPSRV-1 H I 28 43 A5

A ¥t 2 X 51 9 [ B % S8 i 55 3 NcPSRV-1 47 RT-PCR &
e, 45K E 3.3,

KR — X 51 R 45 R B, NcPSRV-1 76 2 2 i i AN [ 41 41
NHI B EGFENEZHES (Fei1s= 6.8360, p<0.01, K 3.3 A) , Hrbl
MR O R, K R . TR AR R B AR Rk, O RRE SR OR B
o H XTSI ML RS S — x5l W4 FAMAL, NcPSRV-1 7F %
JE AN ] 2 23 A 2 Ok AR 2 (Fe,14=4.2360, p<0.01, K 3.3B),
L DA 9 i 0 g e S D

i SR WO [R5 B B BRI RT-PCR A& 45 3 B 7%, NcPSRV-1 7F &
USSR ENEREANE, AARKENBRMNSE LR EER.
(K 3.3CHI D) .
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A
B
g 2
o
2 254 = 207
.E a Q a
3 20 2
2 ab O 154
< < a
5 15 '|' ab 3 T
g S 109
g T : @b
& 107 ap b s ab ab
[} [0 -
- - T = 51 T T
54 ab Ny b
: 5 : :
g 0 T T T T T = T 2 0 T T T T T T T
S N SO L 8 e 3] SN S R S
z & & & S & & & z & & F & & @2
Y < (4 1% Q < Q
Q q@% @\ & & [ONEEN q@és N\ ({é O@,\ o «
) e
C
D
- ©
z :
(] - -
= 207 < 2.5
5 o
@ | T 2 50l 1 I
3 1.5 1 o T
£ T I T s 3 1.5 T T
o 1.04 T S T T
.% S 1.0
® ©
— 059 0.5
. :
[
g OC T T T T T T T T 2 OC T T T T T T T T
Y S Y Y Y (&) Ny NS Ny S S <
2 Qx@ &L SL \3\‘& \\’@ z (<9§ F & & & E \\x§
& b\“ b‘\(‘ &8 ?§> S & b& 6\0 &Y
NS o SN VS % NN ¥

¥13.3 M J I 5 7 NCPSRV-1 1 I 2% 43 A
Fig. 3.3 Temporal and spatial distribution of NcPSRV-1 in Nephotettix cincticeps

He (A Sl LRIl SRR i - 20 R . MER R . . BE A . B\
G ELRIKE BL) R E A (B) 51 2 AW i R R % AL G R Al (C)
FI LRI RN EEARK BB (B, 1R, 28, 38, 4. 5. MEM
QURIEE R ) R EE A (DD SI 2 kil R R A [R) R E B Brhow
ZiT

Note: (A) Viral load of NcPSRV-1 in different tissues (brains, salivary glands,
midguts, fat body, carcass, ovaries, and testes) from N. cincticeps detected by gPCR
primer 1; (B) Viral load of the NcPSRV-1 in different tissues in N. cincticeps
detected by qPCR primer 2; (C) Viral load of NcPSRV-1 in different development

stages (egg stage, 1st star, 2nd star, 3rd star, 4th star, 5th star, and adult stage) of N.
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cincticeps detected by qPCR primer 1; (D) Viral load of NcPSRV-1 in different

development stages of N. cincticeps detected by qPCR primer 2.

3.22 BEEM I 2 Ff RNAREHN ML S X 4 A

2R K 3.2,

R PG B NCNSRV-1 [ 78 55 JH 5% BH Pl 3 K0 V] 5 155 BH ol 3 oK A6 00
Bz Ab, FHAh X FpEE B A AR SRS (9.43-44.00%) , HA BT
TR b DX SRR I O B KON B . NCNSRV-1 76 % 4 1Al 77 — R 1 22
JE I R R A B R AR AW 0 IR B . 7R HL AR RS H i i g
P H 2 R A 2190 3 NCNSRV-1.

3.2 AN ) B X RO I R 2 A
Table 3.2 Detection of NcNSRV-1 and NcPSRV-1 in different populations of

Nephotettix cincticeps

Viruliferous rate (%)

Sample Location Generation  Samples

NcNSRV-1 NcPSRV-1  Both
BN PR PH 106.56°E, 26.50° H ] 244X 72 0.00 25.00 0.00
JUPEI A 108.05°E, 24.69° HH A 24 4K 40 22.50 20.00 0.00
JOARJTI 113.36°E, 23.12° EWN—AR 50 44.00 4.00 2.00
WK V>  113.62°E, 28.14° =W AR 48 20.83 14.58 0.00
WA 113.96°E, 30.47° H ] 44X 52 13.46 13.46 3.85
W FFAEFH  114.19°E, 32.01° EHN—A 32 0.00 28.13 0.00
VAl B FFd&f 114.76°E, 34.56° H [a] 244X 38 13.12 7.89 0.00
LZHA AL 116.78°E, 31.72° =N 1R 53 9.43 15.09 1.89
REAEIN  119.39°E, 26.10° HH i) 24 X 51 19.69 13.73 1.96
Wil 41 119.64°E, 29.08° H ] 244X 38 18.42 7.89 0.00
AL AT 119.94°E, 30.05° H ] 44X 52 19.23 13.46 0.00
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MO M B B NCPSRV-1 fE R 5 ) & Hh X R BE b 3 F 4> A
(4.00-28.13%) , .o LA 5t N 5% FH A 3 A0 0] B A5 BH A 1 7 25 26 9] 2 4L
. NCPSRV-1 7E % N 1 95 — A 10 8 2 i iy 2 2 5 1 [A) B 482 K 28 A
(9 0 B B 22 S o FE L ARSI A Py R 3 R R DU 219 B NCPSRV-1.

Be Ak, E AL BB 22 WA B L R AR M AT AR T S X R R
[] — R R it i A Py T T B R U B IX P AE RNA i #, R B NCNSRV-1 Al

NCcPSRV-1 wJ [A] ff 8% 4 2 2 - i

3.2.3 HAhFpRrHi¥ 2 B RNAREHZTRHAN

NcNSRV-1 £ il 45 5 W& 3.4CA), NcPSRV-1 £ il 45 5 UL 4 3.4(B).

A B
a3 %9

= R e TR M e R

1000bp ™

LN SN SN /N G - g KF A

1000bp ™

3.4 HoAth F S AP FH RNA Ji 8 PCR ALl 45 1
Fig. 3.4 Detection of NcNSRV-1 and NcPSRV-1 in different populations of other
kinds of leafhoppers
E: (A) NcNSRV-1 7E J Al R S o g G I 25 2R ; (B) NcPSRV-1 7 H A i
8 I e e U & R
Note: (A) Detection of NcNSRV-1 in different populations of other kinds of

leafhoppers; (B) Detection of NcPSRV-1 in different populations of other kinds of

leafhoppers.
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FE T X R AR B FL At A S8 f ik i Cfo 4 e b e, ik e, R
W SR YD IR L N SR BT R E ), 8T PCR RN A5 R R 0, X4
I 8 AN 9 717 P9 R RNA TR 5

3.3 Wi

MR o B NCPSRV-1 78 ME YRR A A g i i A R e, T AE N AR
AR B b 1/ o 100 B 1 2H 2300 A R R PR R I i G 2 BE IR I 49 AT A
HN—3. NcPSRV-1 7EHE Bt & AR &M BRA A2, HE&EL
IR 22 5 o 4 O ST I R R 000 7 0L EE L %0 BT I AL G T R 1 B
WP, AHEBR N AE R R

SR A B 13 AN KRS P X 1 R I AR AT RNA R RN, 45
R W 7R B NCNSRV-1 7E 53 M 53 BH A1 0] 55 A5 FH 55 H X b A v oK gl A I 31 41
NCPSRV-1 1 NcPSRV-1 7E H b $thy [X &R A7 A [ # & 7 Af , Heob DL 52 M 5EFBH
Fobt 2 BT B A5 BH PR NCNSRV-1 & & B im . bR, 284
FIEL o A A N R AR O A DR R, (R — R A T[] R A
F X # P RNA 9% & , 2 B NcNSRV-1 F1 NcPSRV-1 1] [A] B 8 Je B2 2 i if

FE 75 AR WG R VR AN PR A5 S B K R COR AR B R B . Y RS H 4y
2 DA A S yb b KT e B e A K Ay . X
AN [ e R S P R A B L EAT TR, R B R AR A I B X 2
P RNA R BE . H 0% 2 P RNA 7 55 8% e 28 2 o 1) oK 53 2 b IX 4y A
OB AR P, 0 TR A TR AR A AN [ X 4k 82 SR R R AT R U 56 AT
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FUE RRMHEH RNAREE RDV EAER K

15 B w4 P B K B 2 B RNA %3 8 NcNSRV-1 #l NcPSRV-1, 4
A J& T/ RNA TG 2 B A% 3% 11 505 9 5 25 BL A I 105E RNA s 28 B 5500
R (WL EER) . AP mEzEgREd, FRRIEERIX 2 F
T3 7 0 J R R A B R AR RI R . 455 NCPSRV-1 7E M i i 44
PN BB S o A A R, HE DN O B TS RE R AN R R T e R . %
T 2 A E RNA 5 35 2 75 th i RDV e Sof 0o i i % 55 20 28 1b i o LA
1M L X 7 A B D] 2R R i 45 Ay RDV T S 83U E T %, R B IX 3 A RNA
R BN NFAEEERR. Nk, ATEH 3 A RNA K876 2
JRE A P IR A B R AL AR T WP AR R

4.1 MELE Tk
4.1.1 RIH R

BEIR 2 R 3 Wi AU (120.08°E, 30.31°N) , 1E = P I 4L 4k
AR ) % 10 fRE R o E RN 7 1 R R (A5 RDV) o g R IE RN A 2 OB 4
A MR {g ARG P AR G RDV FE T, T IR R ARIRIEE & 2.1.1.1.

PR R R 2E =% 2.1.1.2. KXY RDV BB 2 ¥ #7 RDV 22
0 3-5 W #7 BB BB 7d A ARG b, — R — i 48 h )5,
P v U MR, B RE IR (K BRI K G RDV KRG o MR 5 2 [ A
FRIK & -

gl

412RDVXEEME 2MRBHFERNE N

MBI N 5 1R R R (RDV) FRREAE BERRE . DAL E
P B 7 3 A B A A b & 50 5 i A L, BLER Sk Oy RE AR U RNA,
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35K FHl RT-PCR J7 ¥ ¥ il B2 B2 - i %+ NcNSRV-1 Al NcPSRV-1 () 45 2 % .
RNA & A1 RT-PCR ¥l J7 vk 7] 2% = % 3.1.3.

4.1.3 BREMHE 2 5 RNAJRIEXN RDV B YK ) 8

O3 B P 0 0 3R A5 I AN 45 4 NCPSRV-1 (717 35 K 24 96.2%) {1 B 2
IH- i Ff BE DS A1 EE M ST AR EE GY (NCPSRV-1 i 8 % £ 29.6%) 1 2 #%
Fid, PR ROV HE LW 2d )5, BB E@ER Y EWIE, 10d
J& K F PCR J7 546 I 22 2 - i & %« RDV 154t . F T RDV ¥ PCR #& il
4 = 51 9~ S8-F (1559-1578) : 5'-TCG GGG TAA CAA TGT CGC
AT-3'i1 S8-R(2429-2452):5'-TCA GAG TGG TGA TGT TAT CAT CGG-3',
M RNA #2 BT PCR il 44 & [A] 5 = %= 3.1.3.

4.1.4 BIEHHh

X H DPS 14.50 ® M4 (B Ja SCAIE B 5, 2007) % B8 1E 4 1F 43 #r
SR EU) TF 2 4y BT R F Tukey v 33047 58 38 MRS U6, P LE R T LN 56

42 BRETH

421 RDV X B EMHE RNARBEFERNE N

RNE 41, BEMEANT (RDV) MBAESAMEE 1 £51
REAS I 2] NcNSRV-1 #l NcPSRV-1, Hi 5 & M R A& W 4 5 &
3 FEIRE, KRAEKIE NcNSRV-1, i NcPSRV-1 M4 8 K & ik
90.00%. 1X & W] NcPSRV-1 £ & J& i 44 A A7 W] 2 1) 56 4 1 3% .

FEENMFE LENBE A E (RDV) MR A, (RN D&
#5 NCNSRV-1 #1 NcPSRV-1 Mk, HWEWRAEALHUE Z R, XK
] RDV B 4L J5 7] & 2 # #] NcNSRV-1 fll NcPSRV-1 7 2 8 i i fh 2 b i
4%, RDV #IXF F1X 2 B RNA 7 8 B B & 5 8
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F4.1 FEYRDVXT B W 200 5 75 0 B R 1 2
Table 4.1 Effect of RDV infection on viruliferous rates of NcNSRV-1 and NcPSRV-1
in Nephotettix cincticeps

Number of 5th Viruliferous rate (%)

Population
Nymphs
NcNSRV-1 NcPSRV-1
Non-RDV (1 yr) 50 14.00 56.00
Non-RDV (3 yrs) 50 0.00 90.00
RDV (1 yr) 48 8.33 8.33

422 BEME RNAWBREX RDV BRI M

H T NcNSRV-1 Jp 25 15 M 1] 75 il 42 i &5 & 2k, B BL NcPSRV-1
R EJT BN RDV BRARI R . 45 R WE 4.2, BEMH B NcPSRV-1
Gty 55 2 Fh BF A2 1) 55 )5 G« RDV MBI LL 5] 25 14.80%, Tfi NcPSRV-1
e i B MR B 1A 25 5 IR G RDV I MA S & Dy 0. IX K ] NcNSRV-1 g
B 2 50 RDV Xt 52 2 o e 1) 42 L

F4.2 MM % # NCPSRV-1%F RDV I8 4 5 (1 52 1
Table 4.2 Effect of NcPSRV-1 on infection rate of RDV in Nephotettix cincticeps

. Number of 5th Infection Rate of
Populaion
Nymphs RDV (%)
Lab
50 0.00
(ca. 96.2% of NcPSRV-1)
GY
54 14.80

(ca. 29.6% of NcPSRV-1)

4.3 g

MO i NCcPSRV-1 7 8 R BE = N 18 FR I ) 28 Ko & A, 1
NCNSRV-1 77 5 3 H A N Z i R, HZE2HIER. H X NcNSRV-1 %
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KRR RS AR T, XL F T A R R AR g — P 5k 4,
NcNSRV-1 ] £ 4L 7R 1] f 5 NcPSRV-1 5 BT fE A 5. % T NcPSRV-1
AR G B R TR, TE 2 K 0 3% 0 AR AT R R A AE U, AT
S B T 2R BE A A PR A KT BT

MR M AT EE (RDV) FREEXT NcNSRV-1 Fl NcPSRV-1 [ 71 5 % 15
FH S 8K, AN 8.33%, DAL HE I [F) 4 79 RNA 5 2 i) RDV X NcNSRV-1
A1 NCPSRV-1 7 [ & M W ph i b 3R 18 5 R E P B INMEER. 5
PE AR X B, &% NcPSRV-1 J5 75 Xt RDV 7 52 2 i it b B op ) 3k 18 5 46 4R
MR IMEIER . XEWEAFEM RNA ¥ 8 75 52 2 i ik py A7 76 A
B POE R o o ub R0 55 BUAL S i A A 5 RN TS R
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N

15 2 R w4k Y B 2 BT RNA % 8 NcPSRV-1 fil NcNSPV-1. %
o F i B R SR 1X 2 Mol S RN & 7 51 . &3 8 25 2 RV 4L 5 %)
KHRGERKERXZSH, (1) W NcPSRV-1 & IE X .55 RNA i & ,
J&/N RNA i 8 H . A s w58, 44K 10,180 bp, A 1
A~ ORF X148 (261-9839) , HERNHAKIK 94%; (2) BI#H NcNSRV-1
e fOCHEE RNA . B ik RNA R #E H . SR s R, JERA
4K 12,337 bp, A 54 ORF X, H o ORF I NiZ&EH, ORF Il HfF
TERZ R ST Al H s A E A ORF I NETENH: ORFIVEA
S5k, HA T N-F1 O-FE & 46 A &0 o] B8 & — FP & 3 s ORFV
NEEME A NCPSRV-1 7E 2 2 - 0 e 5 i R b i o (0 & B8 s, T
7E U1 SRR S B/ o 1% B 0 IX AN 2 400 A R S R T Y G % ot
B AH OC . NCPSRV-1 fE BRI & AN K G B Re gk I 2, HE& &L
B 75 S5, 4 G oY I A T PR R U 3R 00 8%, A I 2008 7 O B0

TEREAT 4 18 7 8 22 0 A A I f K I, NCNSRV-1 7E S R |~ 4R )
PR R B B A SR B, T AE SN B R R AR R AE B BB oK g
R F] . NcPSRV-1 7E JB B W Wi AN [5) X Fp fF 35 A o0 A, Hoh &2 LA
AR NIRRT B RO R AIG, T 7R AR B M Bt BH M R AR R A5 A A R
() 85 RO B o Ak, FEWIACRDL. A AR AR AR M AT AR TN
S5 Hh X PR R, [ — AR A N AT R A E X 2 PP RNA R EE. X
B NCPSRV-1 I NcNSRV-1 I [ fif g 4 B8 g it i, {H LG 9 80 fK . FR Ut
EI NcPSRV-1 1 NcNSRV-1 7 & F& i Wi 44 Py R AT 6 47 75 58 S F5 5L 7E H o

NCPSRV-1 1£ & J& i e i B o () i B 28 il =5 A ) 77 I 1) S 1y B T
M NCNSRV-1 1EAH e, Hodr B R B W FEAL, B2 E%K. AKX NeNSRV-1
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FZRMIERES WA T o b4, NcNSRV-1 (1 % K 7R 1] G5 NcPSRV-1
M HIE A K. % T NCPSRV-1 & PR &, 7= A KR
O AT 2 S @ 3 S NTTIRS o @ o =z U = B 1 0 S (T
7t

MM # (RDV) FHEEXT NCNSRV-1 #1 NcPSRV-1 [ 47 # 2 1)
T B, PR G 3 0 [F) B D9 RNA 9 25 (9 RDV X NcNSRV-1 Al NcPSRV-1
5 F8 R - mOM R b (Y 3R A5 5 AR AE B B R EIAE . SRR AR N,
J¢ NcPSRV-1 J5 /I X RDV 7 J& & i i et 3 v 1) 3R 45 15 % A A7 A2 B 2 0 410
HIVEH . XRBAAFNR 3 F RNA i 2 7E 2 R i W44 Py A7 75 A B 55 i
TER o il i 15 Bl il i 4 S S5 IR A B0 5 3R

TE ARG HH I e o R A I 3 NCPSRV-1 Fil NCNSRV-1. H T R T £
TR A K, RO I A R R T A RS R DITE BT IX 2 B RNA i 7 v R
R . BRAAS KRR, R REE S RA - EE, W
Ve Zx #4695 % ( Antheraea pernyi ilflavirus, AplV) . 4% 1 &5 % &
( Perina nuda virus, PnV )l & i 32 IR %)) U5 % 75 ( Sacbrood virus, SBV)
%% C(van Oer, 2010) . & & PS5 RA NcPSRV-1 & H At i b #4154k
i, LN NcPSRV-1 1] RE 28 2 i i 1) & 5 0 55 .

MAER@E BB BRI E R RNA 8 32 B4 78 BUIR & 1
2 £} Dicistroviridae, & Z% % % & 9% 7 5 B Iflaviridae, 34K 7 5 &
Rhabdoviridae, " 7 I09% & £l Revoviridae. #RBFHEH M 2, HE AN
AR, wdb s KRB AL (Northern cereal mosaic virus, NCMV)
oK 2 #4516 W% & (Barley yellow striate mosaic rhabdo virus,
BYSMRV) %% Jk K & Laodelphax striatellus /& 4%, 25 ¥H/N3 % S fent
% # ( American wheat striate mosaic virus, AWSMV) £ M-l ££ 3% . SR 1 ,
TE K FE b I A BE A I £ NCNSRV-1 % 55 , 405 1 #E I 1205 25 A8 2 B 00 75
A B H IR P9 B a0 BB I SR 8 V9 A% i B ( Drosophila melanogaster
sigmavirus) W@ i KGO B AL %, JF R A1 E 5 R (Dietzgen
Kuzmin, 2012) . Kk, NcNSRV-1 7] G & 2 2 it i fir 45 A
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IR 2 F RNA G 55 48 Dy 28 B i ks A, HoBEH ) K A5 RDV i
BEAE SR AR R 2 ] 55, W AT AN TR RNA R 25 6 I AR AL
K B Ve AL R B AL IR 5 AT o X A TT R KRS I e A B 1) 0 5
T3 B 47 38 S50 A AN T SR B I TR A B

flF Z 4

(1) fEHRREM AN S ERMS 2 MB RNA JH & NcPSRV-1
NCNSRV-1, 7Ef##T i & 5 A P 5 Bl B, W1 73X 2 7 RNA 6 5
¥ 53 2 b A7 5

(2) X 15 ANMEAKBEE~ XM EEEEHITRESKEN,
T NCcPSRV-1 fil NcNSRV-1 f) [H 8] H 4R 43 #i 15 I 5

(3) WIBERVT T HEA B Bk i) B L 55 5 M 0 3 RDV 2 IA) ()
HAER &R, RIF R K FE s K FC A% 3 1905 23 95 17 428 38 B AR FHB 32w 42 it
T

ARZ AR5 Jawt s H

(1) 2 M RNA JR &5 18 25 45 0 0 52 /s 20k — 2B Wt 7t

(2) 7£ H Ia] R 4R I 07 26 2R 15 NCNSRV-1 i 48 4 2 Fh B

(3) RGWIT 2 Ff RNA 5 % 2R B A W27 . AEHR 2 AT 8%
AN 25 5 5 D5 T AR R 0

(4)2 Fi RNA 75 5 2[5 LA 2 5 RDV Z [8] i AR B 54 45 3F — 0 48
o
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