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W A A 714%% % v 4% 45 9% 4 (rice ragged stunt virus, RRSV) #748 & &\ Nilaparvata lugens % %
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Abstract: To clarify the effects of rice ragged stunt virus (RRSV) on the growth, development, and re-
production of the brown planthopper Nilaparvata lugens, we conducted laboratory breeding experi-
ments to assess various growth and life table parameters, including larval duration, adult longevity, egg
production, sex ratio, and brachypterous ratio of N. lugens. Additionally, we measured the expression lev-
els of vitellogenin (Vg), vitellogenin receptor (VgR), and genes involved in the trehalose metabolic pro-
cess using real-time quantitative PCR (RT-qPCR) between viruliferous and non-viruliferous N. lugens.
The results showed that the nymphal duration of viruliferous N. lugens was significantly prolonged com-
pared to non-viruliferous V. lugens, with durations of 17.56 d and 15.90 d, respectively. Moreover, virulif-
erous N. lugens displayed slightly higher adult longevity, female ratio, and brachypterous ratio compared
to their non-viruliferous counterparts. The fecundity of viruliferous N. lugens was significantly elevated,

with an average of 11.26 eggs per female compared to 6.45 eggs per female for non-viruliferous
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individuals. Furthermore, significantly higher expression levels of Vg, VgR, and the trehalose transport-

er gene (TRET) were observed in viruliferous N. /ugens compared to non-viruliferous individuals. These

results indicated that RRSV invasion could significantly prolong the nymphal duration and increase N.

lugens fecundity, potentially attributed to the up-regulated expression levels of Vg, VgR, and TRET.
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¥ K E\ Nilaparvata lugens J& /K F& I 19 5 22 %
W, BB iy B S Cae T, iz A TOKRE
DX, 20k BRI AE PR # 1.0 (Center for Agricul-
ture and Bioscience International, CABI) 51| 4y i it -
KRR Z—(FEE5%,2022) , e EKIT LI R HX &
A CTHUASE,2012), [RIE, 4 CEUEEE 27K
Lo FE R A 105 2 A, LT AR /K A 0 O R 4 s
7# (rice ragged stunt virus, RRSV) 5 7K A5 7 5% 45 iR
7 (rice grass stunt virus,RGSV) , # QHE\ ) & A= K H
A (R 7K R B ™ F S M) 1 KR A 7 (R A,
2023) . Horfr, RRSV J& M7 010K 85 FBF K R 25 )8
Oryzavirus 1) —A>H 2 01, 2 e REVL &R
— SRR B B A B, (HAS 22 B AL R Ot I e 55
2021) . PRECAT AR K B AR e R B o AR T
HABZEAY R EE , H SRR 2 [0 5 o 5
(I HAEX:Z (Wei et al., 2018 ; Huang et al.,2022) .

T EE XK R AR K R 7 D o R A
G AAE A i ZACHEAE 350 e (T 5, 20155 7 B¢
B9,2015; 5K A0 R RE, 2017) , 403 i g Ak ith i
7 (tomato yellow leaf curl virus, TYLCV) BE . % 45
&5 Q UMK AR B\ Bemisia tabaci M . 751y (Pusag et al.,
2012) ., TYLCV 5 % jin 48 &4 % £ (tomato chlorosis
virus, ToCV) 1] I 3 {1k B U AR B 2558 ), AR
HE % 7% (cassava mosaic virus, CMV) 1] it Z ¢
HE B YR EF) 256 (Colvin et al., 2006 ; Polston &
Toapanta, 2008) . 7K F 7R #% & Ji5 ¥ (rice tungro
spherical virus, RTSV) i 3 4iE 27 B J& -1l Nephotet-
tix cincticeps "EA A, AR Z5E J) (Khan & Sax-
ena, 1985) . M 7K 5 %% 48 95 7 (rice dwarf virus,
RDV) A] Iip 25 4 0 SR RE oy o ke D i, (e gk
ZHE 1 (AT ,2019) o H G AT UL, A9 2 XA
TR B B A K R B AAFERZ IR, BN [R5 XA [a]
PR SZ A AR S 1k (45, 2020) o ARES T Hefth
TKFERIR BE 5 HAR B BEAEDTSY, ¢ T RRSV 548 &
AZ ] A BAR OC R 5T A0 (2R W 45, 20205 Jia et
al.,2023;Kil & Kim,2023),

AL 05T K L, RRSV {2 5 T A 748
CREVAR T AR LD A 25 L9 (Li et al., 2023) ,
RAIRSE RRSV 5 RELAY BAEC R , AW 500

BRI X B R E T RO A PR
SR Y R 7 O £ S5 S 0, A S 56 e B PCR
(real-time quantitative PCR, RT-qPCR) £ Al = b
5 5L £ H (vitellogenin, Vg) 5 H: 37 {& (vitellogenin
receptor, VgR) LA K 15 3 0 A 15 i 425 v 1 e 0k il
(trehalase, TRE) . 1 % # & Ji [i# (trehalose-6-phos-
phate synthase, TPS) il i ¥ B #% iz 45 [ (trehalose
transporter, TRET ) 5 K (1) 3R i85 ¢ , LA B #ff RRSV
X8 CEA K R B AAFE RS2, LU IR A 7~
IR E AT TR B R i e it 2%
1 RS A%
1.1 R

AR AR S KRS : RRSV /KRS 51k Fh AR LA bk
KA R BRI 0 5o BRI, AR A
PO AR, SR FH 300 2 5 2R 45 Tl 5% 2 S 1 (reverse tran-
scriptase-PCR , RT-PCR ) 5 1 #4745 ( Zhang et al.,
2018) , A5 00 PR AE PR R B 7K A, FH T e 2 5 o
PR AR LA R 5 15 (TN, Ay U fUE iy
F, HtmEA LR ERE O s L TR S w1
B KRR AN d, 2 IR ZF 48 hFAP 158 1S
WEAERA E R EHI20 em X 30 cm B 1 7250, BT 7RI
JE R (26+1) "C AHXHREE (70+1)% SGHEFEHA Ky 14 L:
10 DI TAMAR 7 e 30 d iR ikt

AR OB R R EL 4 KA T 2016 4R A
AR 2EAG YR BRI T, I T AR 2
I AR S5 e T A = R i) 5% 15 3 5
o EE (26£1) °C O] 14 L: 10 D AH X 3 B2
(70+1)% , 75 TN1 /K Fif_LiZE 224557 10 QL L 5 B
1E24 h ARG RIAE CEUE R 2 TN KRR L, 1
B2 dJ5 B B ERK MR L, R dEE CEL, L
X 07 B4 ) 35 AE AR RE TN K ARG AR Bl Rl
XTI, FEHR B 2 P i A

R F) S AL %% : DNA Marker, H 4% TaKaRa 2> 7 ;
PCR i | |, Hiscript® i 4% s 157 & . 2xTug Pro Uni-
versal SYBR qPCR Master Mix, i &% i ME B A= ¥
Fe B A AT FR 2> | 5 e N7 6, 55 ] Omega 22 A 5
HA 50 350 B 7= 43 Fr 4l . S1000™ Thermal Cy-
cler PCR 1 . ABI QuantStudio6 % 52 i 2¢ )t i &
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PCR ¥ . Nanodrop2000 % i & [ v B il e A, 36 [
Thermofisher 2 7] ; MDF-U54V -80 CAKi&vK4H , H
ZK Panasonic 2 7] ; DY Y-6C U H kAN, AL 5t N —FH
A FRZ 7] ; TissueLyser 11 2H ZUB% 7 4% , 75 [ Qiagen
/) s Fusion FxS B8RS R 58, H X Keyence /A Fl
Leica DMi8 A i is45 , 72 ¥ Leica 24 Al
1.2 Ak
121 RRSV#B A A KL F G H A

PRI A B REUFIACHY Bk Ry 1
A BR300 30 H B 2 p rir AR 57
BEZERLET 208K, A AN 303k BEREE 3 L, B H M
2y KT A KRB IHOL, R 2 R, e 5%
BEAALBE 7 BT T TH A PR EE R A E
Bl o ZJ5 3 PR P A L LA B S e 5 g HOUR
FLC RGO, AR RRSV X 4 & mUS R 75 iy
IS, R AEEEE A 3K,
1.2.2 RRSV 7k &5 H o9

R EUHT B AR 7 W) P At~ mUBE A Bl
M 10 X 42 Fh 22 20 RRAE R RO 2 HL, 7 d IS 2o BRE
TCEUMELE RS, BT AN [ A B Y PR H =B, AR
b 3 YRR R R I ks K

ARG AL 7 d B34 P B
1.2.3 AR KAFTE

53 BT B AT 75 000 P A 10 3k, 8
PBS PG Ve R S I T, A RS T -80 C
IKFEIRAES AR 3 A 2r R

K H Trizol 4 B RELH B RNA,, 4R
P R S 0 2 A % 2% B R W R SR ) RNA o i, K
JF A A A% i RNA T JE 22050 . 4 18 Hiscript® )T
e sinln & 2 RO B S 6 4R cDNAL AR BFFER
JHDANMAN 6 8t e o1 ¥ (R 1), 51915
AR A I H R IR A R G . DiAs K E ac-
tin J& S N2 L | DL cDNA AR , >R i RT-qP-
CREARM i CE S AW CaUkN vg.
VgR . TRE .TPS )}t TRET N B FRiKH . 20 uL
R AK & : 2xTag Pro Universal SYBR qPCR Master
Mix 10 pL. | F 51945 0.4 uL . Phanta® Max Su-
per-Fidelity DNA Polymerase 0.5 pL.cDNA 2 puL,
RNA-free ddH,O #ME 2220 pL. VAR :95 CHIAL
P£30 5595 CAEME 10 5560 CiR 2k 305,95 CHEffI 155,
EFR 407K ;60 CHAEM 1 min, SR 27O kdb A LA
A ek A 74041 (Livak & Schmittgen,2001) .

F 1 AR PETAKSIY
Table 1 Primers used in this study

LK 4 Gene FLK B 55 Accession no. 5144 B Primer name 5191541 (5'-3") Primer sequence (5'-3")

Vg AB353856.1 q-Vg-F GTGGCTCGTTCAAGGTTATGG
g-Vg-R GCAATCTCTGGGTGCTGTTG

VgR XM 039439358.1 q-VgR-F AGGCAGCCACACAGATAACCGC
g-VgR-R AGCCGCTCGCTCCAGAACATT

TRE FJ790319.1 g-TRE-F TACAAGCAGTGGATGATCGA
¢-TRE-R CGGT ATGAACGAAT AGAGCC

TPS GQ397450.1 q-TPS-F AAGACTGAGGCGAATGGT
q-TPS-R AAGGTGGAAATGGAATGTG

TRET XM 022332024.2 q-TRET-F GGGTTATGCAGTCAGTGT
q-TRET-R GGCGTTTACTTCATAGGAG

actin XM_022345417.2 g-actin-F TGGACTTCGAGCAGGAAATGG
g-actin-R ACGTCGCACTTCATGATC

1.3 HESH LS TR B e R ELRY (1=-2.500, df=4, P=

% Jf Microsoft Excel 2016 £11 SPSS 26.0 #1714k
PEALFLFNGE T , A AR ST AEAS e KB vk A 7 25 5+
B EVERS S, ffFH GraphPad Prism 9.3.0 5 /4-ER

2 EREHH

2.1 RRSV3{#5 ¥BEAEKEZ BN

WM CEUWA BUE DT B = TR 548
CEY AT R F I (=-4.046, df=4, P=0.016) , 43
S 17.56 d F115.90 d; 47 B4 QELAY 8 B A7 A =g
TR FE KA (=—1.242, df~4,P=0.282) ,{H 2%
SEARRE SR8 29.10 dF126.31 d. AF R KEUME

0.067) , {H 2= 5 R 2, 43 5114 60.00% Fl 54.44%
W REUEH Y LR 89.66% , AR T AT 246
TR TR T 11.88 N [ 4 B RIS B K
F(=1.591,df =4,P=0.187)(%2),
2.2 RRSV 318 ¥ B ZHE KM
1 RECPIML 7 dJ5 A B RS REVLME H = B
11.26 %7, A fev CELRE H P~ BP0k 6.45 K1,
WM REVECR W T RECE 27 0P 4.81 47, H.
LR E(1=-5.832,df=4,P=0.004) (A1),
2.3 RRSV {18 % & Vg & VgR Rz BB
At CEUE A AR N Ve ik it B E LT
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% 51%

R KAWL BRI Y Ve At (1=—8.464,df=4,P=
0.001) [ A ai KE 12.61%([&2) e KEutE

BUHUAR VgR FGA AN EME CEUMERUR A
BT 85.74%(1=—16.738,df=4,P<0.001) ([2).,

&2 KBHEETERFRESNE CEERLZEHNZM

Table 2 Effects of rice ragged stunt virus on the growth and development of Nilaparvata lugens

GRL7/Eos 2 A T KL GiEZ SAN J »
Biological parameter RRSV-free N. lugens RRSV-carrying N. lugens ’
% B i Larval duration/ d 15.90+0.24 b 17.56+0.33 a 4 0.016
S 75y Adult longevity/ d 26.31£1.95 a 29.10+1.12 a 4 0.282
I # LY 45] Female percentage/% 54.44+1.93 a 60.00+3.33 a 4 0.067
ST Lb 1 Brachypterous percentage/% 77.7846.94 a 89.66+8.65 a 4 0.187

RPRAE R R . AT FNG PR R ST B R SRR S0 22 57 3% (P<0.05) o Data are mean+SE. Dif-

ferent lowercase letters in the same row indicate significant difference by independent samples # test (P<0.05).
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Fig. 1 Effects of rice ragged stunt virus on the fecundity of
Nilaparvata lugens
P R A I R R o * R SIS REAS e KRk
K6 24 5 i % (P<0.05) . Data are mean=SE. * indicates sig-
nificant difference by independent samples # test (P<0.05).

=R EM LE RRSV-free N. lugens
10 - =354 K& RRSV-carrying N. lugens
*

X RIEE
Relative expression level

Vg VeR
B2 RRSVIHECE Vg & VeR RiZEHFM
Fig. 2 Effects of rice ragged stunt virus on the relative

expression level of Vg and VgR in Nilaparvata lugens

P Bt A B . * RN G REAS G 0 1
K56 22 53 1. 3 (P<0.05) . Data are mean+SE. * indicate sig-
nificant difference by independent samples ¢ test (P<0.05).

2.4 RRSVIHEFEEIHEREPHXERRIAEAING

ARl BE VAR PR Vi O £ i B A DGR IR
AR X A e IR TP HE e KA, H TRET 3Rk
AR B AR N BT, 49 AR KL
f91.91 4% (=-2.948 ,df=4,P=0.042) (|8 3).,

= KW CHE RRSV-free N. lugens

257 wem #5353 KA RRSV-carrying N. lugens
%
< 20}
3
=
92 15k
< X< T
E oot
Z
5
Q
205t
0.0 : :
TRE TPS TRET

3 RRSV X8 CEERERSEED
HAXEEREERFM
Fig. 3 Effects of rice ragged stunt virus on the genes involved
in the trehalose metabolic process in Nilaparvata lugens
PRSI Ry AR . * R SRS REAS R e
06 22 55+ . 3% (P<0.05) . Data are mean+SE. * indicates sig-
nificant difference by independent samples ¢ test (P<0.05).

3 it

TERYIR R, 28 80% 2 R R k7%
&Y, 0 1 2 R E H AR R F AR MR A< R 2
DI R K B 2 R U K 5] 2 (19 (Hibino, 1996 ; Huang
etal.,2022) . 7K IR EEE AL FR b A B
SMRERIEE T 2N EELRCCHEFS,
2017; Wei et al., 2018 {258 45 ,2022) . HE Y0 25
X HAMRR R E R ET RN, AR5 ES
N, RRSV iR 4L )5 , 4 Ry R & Dy 1 I 35 4
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£, 31X 5 He et al. (2012) W 57 45 SR AH— 2, BV g o 22
55 %% 45 995 75 (southern rice black-streaked dwarf vi-
rus, SRBSDV) A] i 3 4t K [ 15 K&\ Sogatella fur-
cifera#5 W R B DI, AWF9E &M CEGH B,
HA AR EIER | 0] I K XS RRSV A& 46 I
[a], FETAG F) T RRSV 7E H 8] L5

FE A B X A AR RS H ) B0 ) AR — e 1)
SN, U ToCV R] R 35 5 71 Q UM By mUAY 7 B &, i
2 REAIR B R A B 7 B i (Polston & Toapanta,
20085 X1l [&l 7 45 , 2021) 5 7K Fef 4% BUAE i B (rice
stripe mosaic virus, RSMV ) A] I} Z& $E T G Re-
cilia dorsalis () 7= 90 & (R, 2018) ; /K G JRE B 55
(rice gall dwarf virus, RGDV) A] f & 42 = K EAY
PhE ) (M55 ,2022) . BHH ) 04 = A R TR EE
HERC, DTS R R B A4 o (Et AT 4l A
B e 1 5 0 01 T I, KA 45 800 75 (rice
stripe virus, RSV) B#AL 17K R E\ 1Y) B35 77 (7 524,
2015) ; ¥ JN £ M 9% B¢ (cucumber mosaic virus,
CMV) 5 4HELAE 5% 2% (tobacco mosaic virus, TMV)
Y A] 0 B BRARARES Myzus persicae W) 5 F1 (TR B
45,2007 RPE,2021) o AWFSE KB, RRSV ] i
EREE CER S OE i IZ R AR S IR Li et
al.(2023 ) i {14 SR A BAE 19 43 B 485 R — 3, BT RRSV
{RY AT A R R AR DKL Y 2

WM RN, Ve 5 VeRTE R A FE A R &
¥ 25 # % 19 /E H (Ullah, 2019; Dong et al., 2021;
Huang et al.,2021) , VgR 3 £28f 1fiLk E H vig i I
SR I EEEH T, 2 5 R R PP SR B AR, R
P B AU A2 B & B (Han et al., 20225 F ik, 2022) .
UEAR, BEREAI R Y K T Zeh K AL A 1 AR L
fit 5t (Ziegler & Ibrahim, 2001) , 11 1 34 2 B B 40
MR T AR & T W E 2RI, AR r 404 &
% H TRET 1# 15 (Tanaka et al., 1998; Thompson,
2003) . AMFFELER L, RRSV A5 4 CEUA N
Vg VgR L) J¢ TRET SEIR (AR YT 3235 it b 2 T i, 4
T KE Vg5 VR FEP Y TR A A T 00 REAR A Y
KA , [ABF TRET 5 (1) 335 K- Tt i A A 150 Bk
YRS Z a0l . PR R 3 SR Rk
T T RE R FEME CEVEE TR R R
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