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Research advances in vertical transmission of plant viruses in vector insects
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Abstract: The natural spread of most plant viruses in the field mainly depends on mediator organisms
such as insects. The vertical transmission from insects to their offspring is a leading reason for the long-
standing problem of plant virus. Studies on the vertical propagation mechanisms of the virus in vectors
not only lay the foundation for future development of high-efficient and low toxic pesticides, but also
provide a new research field for the prediction of virus disease and the interaction between plant viruses
and insects. The vertical propagation of plant viruses in insects and its mechanisms have studied exten-
sively during recent years. This paper reviewed research advances in this field, including the characteris-
tics of virus transmitted by insects, the vertical propagation of plant viruses in insects, and the possible
mechanism of the vertical propagation. Throughout the vertical propagation of plant viruses, the partici-
pants include: capsid proteins, phosphoproteins of plant viruses; down syndrome cell adhesion molecule,
heparan sulfate glycoproteins, heat shock proteins, and vitellogenin of the medium insect; and symbiotic
bacteria. Finally, based on the relationship between vector insects and plant viruses, the future green and
biological approaches to prevention and control of plant virus diseases were prospected.
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A0 B9 T DA T MO T A ARG % |, X b
80% M T4 I A B HUA%H% (Hohn, 2007; Ng &
Zhou, 2015; Huo et al., 2018) . 3K SEIH A B it
A3 i = 1 A R, G H agpr EL, REL KL
P O R R [ L 7SR L e S R R DS Y
A S e Y 28 H i (R (g SO 2
2002) . X T2 YR, AR A H RS
B B SR A W, N 3 4 v AR T 1 R
Begomovirus JH#E , — AR ARA B Bemisia tabaci
HEAT 45 % (Zhang et al., 2020) ; 7K F5 55 80 75 (rice
stripe virus, RSV) /& H1 JK K HE\ Laodelphax striatellus
& % 5 75 i BE 25 9% 7 (tomato spotted wilt virus,
TSWV) 0] i M & & Thrips tabaci F VY {€ #i] 5
Frankliniella occidentalis PEAT 1% 3% (B 545, 2015;
Macharia et al.,2016; Zawirska et al.,2015) ., XFfh4¥)
T 0 B O R TE A D) AR [l 1 B
Y& H (Bruno et al.,2003) . #FREEA B R S5HEY%
B2 (A 7 A N T BB OC R ik
T AR KA 2% )8 (Tiu et al., 2007 ;Nogia et al.,
2014). HAE, VP20 SO B e O B
ANZAY), AR YR B 7R B b i 3 AL R e
TR SEAR YN FE AR RE T RN

H i, Bl PR 52 ) i 2 Jig DL K 4 Bk fe
(A5 Bz 4 A] B R BOE 200 B R AR e
R, AR AE YR B 10 & 2B H R (Kovacs
et al.,2014; Liu et al., 2016 ; Chakraborty, 2019) . it
10 455k , 8 [ b A 58 A ) AR ik 1 7™ B & Atk
25,2006—2015 4 4% 2 AL FE AR R AR AR L
4.603 12,~5.075 42 hm* X, +& 1980—1989 4 10 4F [H]
PIE 1 2.84 4% , 2 AEMAE I8 B ik 1.2 426X
T A5, 2016) , % 3 AR £ 28 4 A 77 1 B R
Jilh o T34 AR 4 TR AR A A Hha 04 X A T ) A 3
BT, 12020 45 F [ A AR F A o3 SRS (i 2
KA, BIFRATRA 3MCAIIR . [FE2sRkE A
120 2 EZAHX 25T h K E L EN—H —
BRI, 25— — BB IR 1R GER L IX BT AE
XI5 43K 35 A4 A W) 22 R LR P RS IX kb Y
27 AP TRr ES MVR S 45 B ) 1)
X HE T 1422 5 AT 6 A2 B B SRR [R] {75
7[R B 458 A 0 A AR XU T T I 2 B Rk R
(Liuetal., 2019). AIUL, 5 A(Z%E R AEY A
KA B R A A R R 2 BT 4 in (Hogenhout et
al.,2008),

LA 1A B e e s AL i e R R 1

FHMLEI e )2 0F 5T o Forb, M 0 B 10 T ELAL
SEATLY)IA B A A B K™ o R B ) o ]
o (A, 2 B AL RGP A2 1 R AR 7 B L B G
TAEYR E R B IA e . DRI, X R AU N AR
BEIE LA RE ST, AU B TR AT - AE P9 75
AEREIRAS I RE MR TEAE A TR BT AR rh AL H
WGP AL AR | [ B A DT WTAE s 2538 1o 1Ay
B A ARG 1 e FEL AR AN T & T T L S A
9o i T U B 45 R R B B, B BRI B S A
(BN SERBRAE = R S
1 BHESAR

B AL 1 1 7 2003 328, 23 il o R4
WA AEREA AL BT IR R B R AL
RN E AR A PEAL #E (Hohn, 2007) o B U3k
B 3 2S5 T A IS () o 35 7 B SRS PN ) 77 B AV
DA S B AR 496 95 B 1 I 8] o Bt #6 AS AR TR (3R 1)
(GRS, 2013 5 XI55, 2017 ; Pan et al., 2020) .
L1 O$HEHER1ES

P UL 3, MR AR e AEIG 3. BRI
FH S By 2R s, 37 RIS L 22 09 g
Wi A HEA R A (Hohn,2007) . X FEEE )7 2
TR TR B IEAREA T B L I s 2 HE o8
Ja ABRBEZ R L T AR EERE T, 120y X ok Ty SR
(Nanayakkara et al., 2012; Boquel et al., 2013) . 4Il
Hof W AL TS 25 Y R 3 (potato virus Y,PVY) |
JIAE M 9% 7 (cucumber mosaic virus, CMV) Fl &5 4%
B B 48 i % 3 (potato aucuba mosaic virus,
PAMYV) 4§ (Manoussopoulos, 2000; Jossey et al.,
2013;Shi et al.,2021)
1.2 BIBAREBRES

HIMA R B UG5, PR R A AL B . Bl
W Bt 7 TR AN RE S BIAL 38 , B 2808 — Be At ]
A HA 541 71 (Romba et al.,2018) . X KSR RETE
AR LR B (A B R 38 R B 7E 1T % (Nagata
et al.,2002) , — HRREHESE J5 , ALK e J1 Rl 45 45
(Lu et al.,2017) . Qnf e a] (& 5% 7640 =5 46 1 25
(cauliflower mosaic virus, CaMV) (Jiménez et al.,
2017) , i AT A% 42 K 4R 4 5 45 9% B (maize chlo-
rotic dwarf virus, MCDV) | 7K F& %= % & BR AR R 55
(rice tungro spherical virus, RTSV ) Fll 7K ## 7 #% & #T
IR 9% 7 (rice tungro bacilliform virus, RTBV) %
(Akhtar et al., 2011 ; Zarreena et al., 2018) , X545 @ AT
4% b5 B AR Y M 3 A9 7 (lettuce infectious yellows
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virus, LIYV) MK ZR TN BE 8 Crinivirus B — L8955 55

R1 BT BERERRSHNT

Table 1 Transmission characteristics of plant viruses by insect vectors

(Rubio et al., 1999 ;Kaur et al.,2017) .

557577 2 (fE4% 7 AME) Ways of virus transmission (Persistence of transmission)

4H FEHEA IR AE) AR ER GRS RNTEFRFATE) Circulative (Persistent)
Item Stylet-borne Foregut-borne | g TG T 0
(Non-persistent) (Semi-persistent)” Non-propagative” Propagative®
BRI BREIE 5 BT N BUNTBIECR LUNITE N
Acquisition access period Several seconds to Several minutes to Several hours to Several hours to
several minutes*® several hours® several days® several days®
L BERF ) BRI ke BB B N A UNINESIE &N AN EE SN
Inoculation access period Several seconds to Several minutes to Several hours to Several hours to
several minutes® several hours” several days® several days®
Tiif B A0 B 4t HRAER £ 74 e 314 i
Stranded site Stylet Headgut or stylet Salivary glands Salivary glands
TR Jc To sk s ] GNINETAON BOREEUA
Latent period None None or short intervals Several hours to Several days to
several days several weeks
B AR P B B 1] Boorsh Wi R BUINEE R R BORE A A A=A
Retention time in vector Several minutes, disa-  Several hours, disa- Several days to Whole life time
ppearing after molting  ppearing after molting several weeks
L Uk 2 R AR AR 7 No 7 No & Yes 2 Yes
Presence in vector’s hemolymph
JE15 4% Proliferation 7 No 7 No 7 No & Yes
B U415 4% Spread across age 75 No 75 No . Yes A Yes
B INFALAE 7 No 7 No 7 No 225 Usual
Tranovarian transmission
SRS A R A LA 2% Poor — B Average % Strong % Strong
Specialization of viruses and
vector insects
245 AR s M B 715f R T BRI
Example  Vector insect Mpyzus persicae Acyrthosiphon pisum Bemisia tabaci Laodelphax striatellus
S B Y N AEHBSEAE 9 B FandE MR EE KRS
Virus Potato virus Y Cauliflower mosaic Tomato yellow leaf  Rice stripe virus

virus

curl virus

a: B HONRTE AL B B 2 S AR T 5 b B IR B A% 7 i ) MRk TR IO B O A2, BV MBI B 40 s
7 Lo M3z - P 40 i 2R U 75 A I 1) 24K . a: The time period during which virus can be acquired from and inoculated into

plant epidermal cells; b: acquisition access period and inoculation access period depend on the location of the virus in the plant, i.e.,

acquisition of the virus from the phloem of plants takes longer time than from the epidermis or mesophyll cells.

1.3 FHERAKXES

RNIEIAAEBE , MR AL . XS EE
AETE R AL AR N EER il ad g8k A BgiE , 5 v ik
Je W b e ARREAH EAE G | 2t B i R R il
WREL I Il By AR . B R R, i B AR R
VL R R A Ok I 1R Y A AR, S0 (Blanc
etal.,2014; Wei & Li,2016) . J5 2 AELEMA N R FRR
i fR], AT B A4 A Y R U 25 AT DL i B
WL 1 (Ng & Zhou,2015) . AR KEEHERY
RSV (Huo et al.,2018) K3 EUE % 1) 2 i 24 il -

7% (tomato yellow leaf curl virus, TYLCV) UL} V5 46
i) E AL 4% 19 ot B 2= 005 55 8 Tospovirus Y3 88 55 (de
Vries et al., 2001 ; Shrestha et al.,2017) . H-Ar 35 A M
RIS R AR FE T FISE B 0 2 P27, SRS 5 7Y
TR WA P9 B 1 A B HOUR L, WS AR A i N st
FIVHOR 78 B HUAR P B O3 B I TRI L ASA B 21 50
MG T ARG R 2 , SRR 7E R
HUEEA A= JE HHAR VT £ B3 (Hogenhout et al.,2018) .
FEA MR B AE B VRN R A IR A h 7 2
FEREIRA B HUAR Y ) Z2 J1 L VR %) B e, HLAAR
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5 : — SR IHALTE R A BRI, X — R R E TR R RE A
HEA B R SR B Bl s 0 OCHE s Y iR
(AR ANER AR T=R = e e 1 LY S CYN Y e e
B AR TE R HUAR N B, 5 2 28 MRV A R 1
IS s MR RS TU5R BE , X i 7 DA B He ik
AW 5 Je — B e B, 2 Tk B BURE AL 22 Y G
S (BfiZKH , 2015 ; Hogenhout et al.,2018)

AN, — 6 R 38 o) B HURE A PE AR R 0 1A e
e E N N S A (S e A NTTE: ) | T
o BE AL BT L, 3 KT T A B IR HEE (Ho-
genhout et al.,2008; Wei et al.,2017) (K[ 1), HHER
THEURE AL | B Y TR i i B A A e

I3k EX Hemolymph

FEMEW AR Principal salivary gland
HE VR IR B R Accessory salivary gland

SER A A B HORIE B 2 18] A, B BRI
RNA T HCAR 5 5503 J5 ) 1= G (4 S 5 B AR AL 1
(Lan et al.,2016) ., [FA, A B de i RG22
A2 3 B PRSI AS I AF EAEY) RE A R
HUAR NS TR DL A Y1 B A 22 R R R 3R]
R, W EE A AR 58 [ (coat protein, CP) IR ZEAK
5¢ 45 [ (minor capsid protein, CPm) | /A= 5 7= A= 1)
AR F GroEL 4 B A ¥ (helper component,
HC) FIES HUAY T 50 AR 1 4 (R el A5, 20125 8
W5 ,2017) o JHBETEBEA B IR A A28 B AL 22
i A O B AR A A AT, Rl ax sl
HEARFHEIIAH(R2) .

T Jig Midgut

2K % Spermatheca

A K3 Bursa copulatrix

X4 R4 Central nervous system
BE Ovary

59 Egg

B EMRESEEN BEREBETREPFNRLER
Fig. 1 Infection route of plant viruses in an insect vector during transmission
A B SRR A o REE T BE A A T ROE i B e VBT A IS , S v i 04 0 B AR A bk M
R, DRI J r 3-8, Wit B R HUCRHT 1 F SRR , S UK P A4 s it A A AR 4, e X, S8 e AL . The virus usu-
ally enters the intestinal cavity along with the sap through the insect stylet during vector insects feeding on plants. The virus crosses
the cell barrier of the midgut and hindgut to reach the hemolymph, then enters the salivary glands, is secreted from the salivary

glands, and infects new host plants as the insects feed on it, completing horizontal transmission. Or enter the reproductive system, in-

fect offspring insects, and complete vertical transmission.

2 EYRESNERRR

FE Y B T ELAGHE E R AR AL B R
Horpo [AIE, AL RE R — 2 B O YR BRI
L[ERRAE . 38, 1T RS AL 0 B A0 U
AT AL RE R S AR, R AR R L2
I T AL AT R X B AR A R OC 2, AR
FEARFIF AL 7 1 5548 T A A7 (BIE 4§, 2015
Macharia et al.,2016; fEFM5E,2016) . L,
AL 2 B AR S v MU g T sy PR AEREAIL
FEIG T N B AE T R A M A KA R B TS
Ko MO FEEEAELEA B AR N AR R R
L HURT AR I B 27 SR A S SRR TR

M AR 32975 25 E 17 28 #E 25 4% 36 (Accotto & Sardo,
2009) . AIUL EEELEGA B AR 9 B AR B
MR F AT L KM HATA 1k, ¥ o
BEAE ELALRRIBLTRI SR i ANTE A . A SR ik
A L A4 ) 2 B 7 V] RE LS B R el AC R AEHE
(BEfE45,2015; Zawirska et al., 2015 ; Macharia et al.,
2016) .
2.1 EYFREEBRERLE

B 2 AL F AR LT 5 I ) R GL  B:
PRfL 2, RIS AL4% (Mims, 1981 ; Ebert, 2013)
9 B BRI I RG22 A — AT 2 Aoy =, 4200
BALRE M2 IIERE . 20N AR SR8 REE R A &
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B By B iR YL B Sk T 2 A B0 e 20 400
FERE AR FEAE U0 2 B A, 1E HEL i B A 1 i
HEATR L FAE (Wei et al.,2017) o AR, 84—

L I ) 1 7 Y B SR T (0 B R 4 SR AL,
R R 52 iR, — R O B R AL 1 (Virto et al.,
2013),

R B ERREBRSHEXER

Table 2 Proteins associated with the transmission of viruses by vectors

WG Virus

(TN

AR . TR E N
. Ways of virus . .
B Family J& Genus Fh Species Vector insect transmission Proteins related to spread virus
XA TR daETER . OKREKZOET KREL  RNPERF RSVAYKEE I NSve2(Lu et al.,2019)
Geminiviridae Tenuivirus Rice stripe virus ~ Laodelphax Circulative RSV glycoprotein NSve2 (Lu et al., 2019)
striatellus
SEa e hEFEEA R ATER WA NILATE Hamiltonella 74 1Y) GroEL
NIEE i - 2 Bemisia Circulative I (Czosnek & Ghanim,2011;Xie et al.,2012)
Begomovirus Tomato yellow tabaci The GroEL protein produced by the secondary
leaf curl virus endosymbiont Hamiltonella (Czosnek & Gha-
nim, 2011; Xie et al., 2012)
DHEYHRER SREYREE KEHMRE Ky AR SMV 1) CP 5B & 1 HC-Pro(Jossey et al.,
Potyviridae Potyvirus Soybean mosaic ~ Aphis Foregut-borne 2013)
virus glycines CP and HC-Pro of SMV (Jossey et al., 2013)
FEREEAE T PR et JERESCAE N EE Bl R CaMV [ P2, P3 FiI P4 % [] (Drucker et al.,
iR T Cauliflower Aphid Foregut-borne 2002 ; Martiniére et al., 2009 ; Hoh et al.,2010)
Caulimoviridae  Caulimovirus mosaic virus P2, P3 and P4 of CaMV (Drucker et al., 2002;
Martiniére et al., 2009; Hoh et al., 2010)
K&Em#ar K&BRER Mgl gl HilAtR L CTV P20 & 1HiiA (Herron et al.,2006)
Closteroviridae  Closterovirus Citrus tristeza Aphid Foregut-borne P20 protein antibody of CTV (Herron et al.,
virus 20006)
KEREER BIRRWER  SEREA WHmal s fiEsl LYV CPFI/NKSEHE F (minor capsid pro-
Closteroviridae — Crinivirus SN B Bemisia  Foregut-borne tein, CPm)(Ng & Falk,2006; Whitfield et al.,
Lettuce infectious tabaci 2015; Agranovsky,2021)
yellows crinivirus CP and minor capsid protein (CPm) of LIYV
(Whitfield et al., 2015; Ng & Falk, 2006;
Agranovsky, 2021)
A RER LN LR ERM T Bk HilAfR 0 PLRV ] S5 #REHI I I 132 RVEHT, i 362k
Xanthomiviridae JR7)% Potato leafroll ~ Myzus Foregut-borne /4= GroEL [a] % & [11%3% (Kotzampigi-
Polerovirus Virus persicae kis et al.,2010;de Blasio et al.,2018)

PLRV can interact with the receptors on the in-
testinal membrane of Myzus persicae, GroEL
homologous protein produced by symbiotic
bacteria (Kotzampigikis et al, 2010; de Blasio
et al., 2018)

TEMER: RS devb, B S LA O S A K, BB
HAE S B B s SRR . AT A
Az 1 B B2 AR IR 5 A S 2 HES ) T BB AN
M2 (Szklarzewicz et al.,2007) . 5F N T 58K
e AL HE , 250 b 1 Y 40 AR A BT 5 B B
i RS B TCTE EHEE A DI REAL, e A TS i P4 4
PR Y HC A B A BRREGH L, 4 BR 2 )52 1 (Huo
etal.,2018), MG TELESZ IR A ME U H 02
[F1) 3 2ok £ O 36 1 4% 1% 9 AL 2 75 F)3IE S (Liu
et al., 2016; Jiménez et al., 2017; Carr et al., 2019)
B an , £ 40 %5 55 J& Tenuivirus 19 RSV XA % 5 &

Geminivirus 1Y) TYLCV 217 FH 51 v Ji 2 (1 2k A BP B
YR, SOl TR TR BRI A B S AL FE A (Liu
etal.,2016;Jiménez et al.,2017) . RSV {EHA R H
JRKREUAR P 28 5P SLALHE T USR5 % 34 40 18 (Huo
etal.,2014) . FHYIEIALIIRTE R Phytoreovirus 7K A5
45 73 (rice dwarf virus, RDV) 192 BPALHE i 755
CP 5154 B R it £ 1 A 40 7 M A 1 22 1)
A 45 PEAH EAE A 5 (Nanayakkara et al., 2012) .
— BRI, I B 25 O UL R RCRE L & T g
#% (Mims, 1981; Ebert, 2013; Lequime & Lambre-
chts,2014) . T3 i e L BEBOR WA RSV 75
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JRREBP S UL AR IR 5E LA A B N YA A (Su-
zuki et al., 1992; Wu et al., 2001 ; Deng et al.,2013),
Z IR RPETNARICHR LIRSV = 4L BP S
TEGPELAE Tooi Y AR 58 XA TR I KGR B i 7E
UETELAH L Z A H, e AR A BP P (R 4E55,2012)
22 HEYIRSEXZEEEGE

BRREZR AR 2T Ko B 4R BT, R B Rk 4
HE TS A RS W ZE I B A ol L2 A ot 25 5%
FFFA R LA AR , i /N S A A 1) e
2R B, S35 v BE VR 4 B A A%, SR rl U TR A
B, ARIE HA2 BT J7 (Liu et al., 2016) o R, 405
Ha s AT DLE Ik B A RS R AC R AR, LA
PRl REJE G T IO . 2% B 2K T 45 A R A
AT, TOUI 5 E SR GG Sk Rt T B2 R ks - 1 1
# I AE (Nagata et al.,2002; He et al.,2018; Romba et
al.,2018) . il , NG+ P AAAE I NS S i ks
%55 (human immunodeficiency virus, HIV) Fl/]y VRS
FHAFAERZE RN EE (Zika virus , ZIKV) # S HE A
F 09 1F % P i (Nagata et al., 2002 ; He et al., 2018;
Romba et al.,2018) . Ptk K+ R R G
FEMERE A, A7 R . QPR ST DL A AC &R
T B AL A7 7w B W% 5 (La Crosse virus, LAC) I
ZIKV 45 RN Rz (HACR R, HARR 7P AR %
R, ST 1A N 9 LAC Fl ZIKV 238 i
T P )P T AR R - 2E 4T 1% B (Kovacs et al.,
2014 ; Zawirska et al., 2015; He et al., 2018) . K &
Bombyx mori 10, A 3 1 50 2 e FL AL #5142 f 1A% 15
(nuclearpolyhedrosis virus, BANPV) , {H H. 7R A7
RN A (Khurad et al.,2004) . SR PG D
J% 7% (Drosophila sigma virus, DoV ) 17 4% ¢ i P S
5T ay R Al S | R AR R L IR i, 1
TCE HME MR 5 DoV 1= 4L i it SR i 2e L f |, e
Ja AR 7 FE BRI, DR HED DoV AT DL i 47 4
T HOKS 7 2 B A #% 2= 118 (Longdon et al., 2011;
2017),

KT YRR B P A RAGHE AR
A PRI IR R RE Reoviridae 8 41V 91U 75 & 1Y
7K AE R 459 7 (rice gall dwarf virus, RGDV) 7E V. ]
FHEE RS AT R K T BOKRE - i k™
K LI A Sy S 38 o A 2 B B AL L
Y (Hogenhout et al.,2008 ; Liu et al.,2016; Wei & Li,
2016) . {HIZIT IS LI, RGDV I R AGHEA 2
HF 2R 44% )7 20 (Mao et al., 2019) . RGDV AJ

DAIE 3o B ZR AR A E PR I 1 B BRI, H R 25
18 3 4 () B 55 (Boquel et al., 2013) , Tii RGDV LA
Fr A 0y XA RO N B G R A 510, R
SR I R B R R AR B , AR RS T e,
H A R AR BCR L) B R AR 3 £5 (Mao et al.,
2019) ,7£ RGDV & i i it 35 G EH

3 EREEERBRAXNEBRZHE

O B AR 3G IO ML T 2 28512 5T (Zawir-
ska et al.,2015;Liu et al.,2016) , Kr 5 & BE RAEHEAL
ifil (Chakraborty, 2019 ; Zhang et al., 2020) . T/ E
RPN ) — BB R 1 SR B O R B A e
(T EALRE AR T 2Ry =, (BRI 75 v AR5 5
B 10 SR s EL A — S0Pk B i A L e 1T 2
MR, 1A 245 SR W U R ) e 38 TV 1
[ s e AR B, Bl TR A A , S B R
Wl X e R b R 32 RO, I R Y I R A
JiL 995 BE AE L B 200 i v A 7 A K ) AR B Ak
SR BRI, Pl A ARG IR, 2SR AR R Y
St bR O SR B E A B, o0 B AR . 7RIS AR
W R T 4 FP IR AR — & O R AR iR A BB
Mg (Huo et al., 2018) ; — & F I 25 32 B du A=
LA SR 24~ 1 A0 A 4G WA, B2 0k B 8R4
TEFNON S | He e, P A B BE A (Huo et al.,2014;
Wei et al.,2017;Jia et al.,2017) ; = &1 i3 B Yo 4 Jifg
Z RN P HEAL | B 2R T DA B T 40 3 5
U5 (0 /NVE HE A RS UK A9 51 BE 4 MY (Liao et al.,
2017) 5 DU AE 5 B B 10 R 1 L RS T2
TE 3G R R v FE 42 1y A B (Mao
etal.,2019),

L OB R IR 5 R B R R e R Y
ARG . F8FF (2019)BFFE & B 4330 W 4 s AR
I B e i T L3 A B AR AR G Ry AT B
RLAMAA L, T¢I G4 . TYLCViE S
WA AR 1 AH [R) A % AR 2R A KRH LB BE 20 B e,
H TG T R Eur & B BBt (Wei et al., 2017)
Huo et al.(2014) W57 & B KB B 85 J5 25 5 nl DA
5 RSV AR 1 PC3 HAEIE LS 1K, -5
BRIRYLON A AT X, ELRSV B U0 #5 R E T 5
BHRIZE AN ERERAINTD LZFL . RGDV
1% A\ H G B Inazuma dorsalis P 55 1) i FE L 5
RSV {1 (Liao et al.,2017)

KEHLAEIL A A0 G A A 7 M R A
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AETS B2 58 W TR AL RE 1Y ek . B R I I Nepho-
tettix cincticeps W A= 4l T Sulcia 41 5 25 11 (outer
membrane protein, OMP) 1] L) 5 RDV 4 5¢ 25 [ P2
FARR A AR, AR A 40 TR AR T2 A
T RE I IRDE /N, S b K ZHAUHE A DR BEAR
AT Bl 2 26 B = B A5k 20 SR R i ) 5 A5 3
# RDV Wi+ HIEM & TE Sulcia 457 b, I Sulcia
gt [ R i A BRI, B 250 W T B HE (Jia et
al.,2017) o Fh B HUpR g 400 A 3 38 A B A2 19 Gro-
EL 25 [, 6 8 A B HUAR N RS G DR B B it T
R f A 35 B L 20t R s AR s 9 & — PR A
FH W) 8)4% 4% (Gorovits & Czosnek,2013) ., EIEHE
(4 HE B0 75 AT LA P P9 IR A4 77 A2 R 19 GroEL &
F DR AP HAESE A B HUAR P Bsf 6 18 o ik e e, i
BEIURE 2 A M2 0k B A I VRO B R G (AT DAY
1k 18 % %% 3 M I 2R 4t (Gorovits & Czosnek, 2013 ;
Pinheiro et al., 2015) o KA M5 R Hamiltonella 1
AE ™ 2E P48 GroEL 2 11, % 88 1 5 A 4 il i35 2
(cotton leaf curl virus, CLCuV ) fiki 45 &, Prir Hoa
A2 N 3 I IbK L P R e, IR 7 L A oA A2 3 5
)42 2 5 A P98 15 7E B AR N 19 38 /% 6 (Rana et
al.,2012) o IRIRK 5 [CIR Wolbachia [R] K € B Ji
R 2569 40 e 26 B 431 (Down syndrome cell adhe-
sion molecules, Dscam) & = H#EAN S, 2 5 RSV I
A2 53 H A% (Zhang et al.,2016; X B4, 2017)

A FAGHE & RGDV 7E HL St i wifl b (1 32 22 9 1
45 T 5, 2R ST 1 P8 5 H G iR - 337
1 A BRI £ 19 25 05 25 11 (heparin sulfate proteo-
glycan, HSPG) #HZ &5, N & 7R K + b TEXE T A
R4 3o o s 2 A B L B9 40, 5 e AR
2574t (Mao et al.,2019) .

gRA LR AR 0 O 2, R RE H B YR
PR R R S M B R O S5 o e ORIk e A%
R OCHE N &, A5 B CP MRS M & A
(non-structural protein, Nsp) . il i FE R} XU 22 4 AR
M5 & BL, TYLCV 1 CP 55 47~66 13 % 1 iR X 3 5
MED %1 (A5 mUA Y /NGB 11 5 i B R
(heat shock protein, HSP) 16 Z [Al /£ 7 H.AE . [H]HT,
i PR L0 P A AL TOUE o R A AR T BRI DL K
PG (L AF A W ARG K I, MEAM1 B AR By
@l 7 (9 HSP70 5 TYLCV H CP 78 MR B A A A
PRONAR A A LA, LA T HSP70 AR FI TYLCV
AT IRER BUS L TYLCV ML R RE T i

2 W HSP70 755 75 1% £ th B A 410 i 4F 1] (Gotz et
al.,2012) . {HJ& HSP 4 45 11 Wifa) 2 5 B 4 )i 2
FE A L R P ) 36 B AL 46 0 75 B — 25 TR A
Ho FH R A E A B & Nl 5 5 (papa-
ya leaf curl China virus, PALCuCNV) A< K Jo ik i A
B &L {H J& PaLCuCNV ) CP # TYLCV iy CP £ e
Ji , 27 B RERS -5 A EUOH B IR AR R S A E
T A5 F A AR B A T %8 PaLCuCNV g
J7(Wei etal.,2017), RSV i PC3 % 1 54% CP i
W IE A% 25 1 52 A4K (ribonucleoprotein complex,
RNP), 5008 iR (145 6 il ol B IR Rk AGRREA
JiL, P 5 09 DR A A R B R AR, A
RSV R AJK CEGE L, Ry )5 WP a5 19 T ALK T T
FLath (Huo et al., 2014) . [RIB, 9 55 19 CP i ] U]
FAALA G DB 58 TR B A% HE (Jia et al.,2017) o 4
BEMYAESE R A IR R TR ELALHE b R 5 G
H, i RGDV 7] LIAIH] H B 4fish (1) PosIL 2 I AN
EEEH B TR A I A B 5 40 i ) 9 O 28
IFUE L AH A DE b OS85, 2014) o
4 RE

A B RO AR Je— B R
T EMY BN R, 2T FRE AL S
BB, BRHAN —RIREZ RS EAS S T XA
R, AR BRI R T 2 A R AU
PERIFNS ] 25 A IRBE A F A RS HufAk o 3 A 7
G PP ZE R

Kifi 7 [ B 52 5 (%) H 25000 %, B K AR H 253
£ FERRC—H— B B 2R R 4T
S sk e %) R, v e 1) A 2 A AR RS At i
P o FERHEA ™ B B AR g ) A i A
R RE TN T A IR AGRE T A, TR Sk L[
RAMKAE E A AR EE . R, X AR dUf
95 5 A 5 11 2 T TR A1 s 4 i 0 A 5 A
Mo EERAMEN AL, R IR E RN K ER L
KA IERRACAE A T R R Al A X T
AW AR I AR

IR T BB AR A B R S0 B R L
A B AL B RLH] . FRBE ) 2 B AUk N
Z SR EEAE R AR P R 2 A AR IR B R
BERLRE R ERRL T A A R, T AR R
I B ARG R . I BT 22 14, U)W
BEMLREIBAR , RO AR R P Tl A Y FE R A= 1
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— N FEIT . AL N RNA LRSI 4
I FOE AR RNA TR, oE i i R
HURA RNA T4 DL AR P 22 10 2 B2 1) 55
B R SRR 8 YR RE R E AL
FEsm i 7R W ASHEY AR Ry 2, 3 B LR
B MES R, A P VEA R T F U
Azt THERE A YR B 1 2 A2 38 (HIE IR 2R
B I KPAL R0 2 3 P R , eI e ap AP iR
Bt R — I B, B R A R . —FBOR T,
S AL T R MY — cES DA 8 X 81 AR
SRJG AT 22 38 e N BB th . (HE,
AT B BRSPS A% 1 A AR A7)0 5 A0 e B I e Y e
AUBILTR i AN TS AE O FLIBEA B AL R A s 77 5 B
HAy e R VIS D UFE A RiER TR
H AR TR s A R A I P A AR, R
TR T 55 A R TR T IR B A P 2 10 4 i
BLI B A, 40 E I sIRNA FUR RER AR c-Jun N-AK
Ui i i3 % L Toll 38 j#% LA M NF-kappa-B i [t ( Badil-
lo-Vargas et al., 2012; Whitfield et al., 2015; Lindsey
etal.,2021), XSEHLRF AR B R S e 7E B4R
() FEET S5 10, B ARG5S F T AARAS 1B
FEAEYIRRE LA S HAG B L R . A s b i A
AN, A RE S A MBI SR Y UK B AR 24 L 4
jEitE SENYIEEEI %N
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