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Abstract

The outbreak and transmission of plant viruses by insect vectors present major problems in agricultural management
processes. Insects have short reproductive life cycles and both short- and long-distance migrations on monsoon winds.
In addition, insect behavior may alter for survival according to habitat and environment, producing populations relatively
quickly. This causes widespread damage to agricultural yields for domestic consumption and export. This article reviews
the literature, focusing on the perspective of feeding behavior modes and mechanisms of non-circulative plant viral
disease transmission by insect vectors. These can be classified into two main types: non-persistent and semi-persistent.
Types of transmission may be distinguished by interaction between signaling proteins on viral particle surface areas and
receptor proteins in vector mouthparts. These interactions were reported as consistent with feeding periods for vector
acquisition and inoculation periods in plants, and with limiting plant viral-vector interaction from seconds to minutes,
and minutes to hours respectively. In particular, limiting interaction of the tip and foregut of the vector mouth resulted
in plant viruses not multiplying or moving into the circulatory system hemolymph, hemocoel, post-molt transmission, or
transovarial transmission. Study and understanding natural behavior and specificity of plant viral diseases transmitted
by vectors may lead to strategic planning for methodological knowledge and knowledge transfer. Efficient and effective
techniques in practical sustainability should therefore be developed, controlling the spread of plant viral diseases and

vectors and preventing negative effects on the agricultural industry at both micro and macro levels.

Keywords: Plant viruses, Insect vectors, Non-circulative plant virus transmission, Non-persistent plant virus

transmission, Semi-persistent plant virus transmission
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ATTUIRNITHAZANNT NIz BIuNAIlUANTENENEA
T3 leiur hrialuana Cucumovirus 13w haialussuas
(Cucumber mosaic virus, CMV) 31NN33189 %84 Perry
et al., (1998) la@nmanuFuRUsvaIfuLnIInTAasd
U VCP 283 CMV Aiflnadols=ansmwlumstneanaalsa
Tawagsan somalaswulassiavainsaesduun
VCP 289 CMV-M %@Lﬂummﬁufﬂuaa cMV Alianansn
dnonaahialddninassousiialaasluduniad 25,
129, 162, 168 WAz 214 ATUAIAU LATWUIN CMV-M
sansndnenaalselddaiwassen M. persicae (Sulzer,
1776) l¢' waziorasunsaasiluludumishi 129, 162
war 168 Lad ¥ CMV-M ausadnenaalsalame
ngﬂéau A. gossypii (Glover, 1877) é’aﬁfuns:mumi
d1unaa CMV @28twagsanisiuiuduniiassia
va9nsaazlluun VCP uddny (Liu et al, 2002)
(Figure 1A)

(2) N lNLAZANNIINEIERIE
VCP wasaymaliiauas IPR 2asuuaiwine ldun Tl
luﬁqa Closterovirus 1% Lettuce infectious yellows virus
(LIYV) ﬁﬁiﬂiﬁu%mﬁﬂ'aw’%nmﬁuﬁamgmﬂvlﬁaﬁy’u
lusfuniatasafiandn (major capsid protein, CP) La
lUs@uniistassiiasad (minor capsid protein, CPm) lag
LIYV 2ze1dgu3t s iwizaas CPm lumatiad feunwus
U IPR 283LURINHE (Stewart et al., 2010 ; Tian et al.,
1999) (Figure 1C)

3.2 Helper protein strategy (HPS)

HPS Lﬂugmmwaamﬂﬁ@ﬂﬁﬁuﬁ'uﬁﬁ
ardulutanadinanslunisiedyamszniehaiy
WAURIWIME (indirect interaction) 1A FuNA lNLAZAY
Fmnzaznig VP sasauma hiialudnwuzd jiuius

[
a K

ldl o s a = v
‘V]Lﬂ@]“ll%“lla\‘ia']@ll"lladﬂi(ﬂﬂilliu"l] aﬂﬂmumm’mﬂmu
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C-terminus W&z N-terminus Ta8nUlUs@udtae [viral
helper component protein (HC) %38 virus-induced
factor %38 virus-encoded nonstructural accessory factor]
ez IRP Aisnwizaasunasmnvzlumsdianaalrsa lag
duniszaaniaaziiluvas VCP wasaymaliiamadiu
Uag C-terminus azvimihnaniiansu (binding) V84
aumahia T meinsmo=dluneshulane N-terminus
axvmihfnanlunsIuiy IPR Usnmnvasuaaswine
Fauvdldmasinmmedon leun

(1) evdiuna lnuazanusumzlunsiia
Uffuiutsenintg VCP vasaumahiiaiy IRP uiim
o¥tazdaunasunas fiinUfsuiusvaslasaing
szauN@Annil (secondary structure) Aivmindiluduntio
289U AT MTIaT (motif) ﬁ§1Lw1:LﬂquLaqa€1"aﬂan
lasflaanazas HC awlunaln &3 HC anavhmiing
L‘fluimaqaﬁaﬂmﬂﬂmmﬂué’nwmﬂuLaqméﬁimuamao
luana %38 HC awﬁmﬁwﬁlLﬂquLaqaﬁaﬂmaIﬂuma
1ué’nmm:°uaamsimﬁ'umaﬂmaqaﬁﬂizﬂauﬁaﬂ
wihpgas (monomer) S9anaazinilautiu (homomer) wia
laiwiianiu (heteromer) fl& 2 wiiay (dimer) fiGonin
dimerization ‘lefuri aaluana Potyvirus 1in 1hialuens
V8ILNFU (Tobacco vein mottling virus, TVMV) lasdinaln
vasufFuiuslumstionealse il s10ur0inIn0dlu
N19a1%1a18 N-terminus 289 VCP maaagmﬂvlrs%'aﬁ
d’aumﬁﬂﬁﬁ 138N DAG (Asp-Ala-Gly)-amino acid motif
(Lopez-Moya et al., 1999) ‘T;GL‘I:;Ju aphid transmission
factor (ATF) vadhimazdufivluiana HC vad IRP 289
uwnas ey N-terminus-DAG motif 184 VCP #asdufiu
VI mnenwlaiy C-terminus ﬁﬁdﬁ%ﬂﬁﬂﬁﬁﬁmdw
PTK (Phe-Thr-Lys) box 284 HC Wag UStimsn1dewlans
N-terminus 7ifidauan3nifi3una1 KITC (Lys-lle-Thr-Cys)
box U84 HC 223UNY IRP 284uaad aNa1aU (Chen etal,,
2011 ; Peng et al, 1998) adwilaiadfuusuas
pafUsznaneng g MAsTasiuiuusiningdssunsn
tnenaalsale (Figure 1B)

2) fiuna lnuazanusimzlumsiia
Ufjfuiutizning VCP vavsaumahiiany IRP uim
afuzautnvasuuas lasdl HC ﬁﬂﬂﬁhﬁlﬂﬂmaqa
danang leud Thsaluana Caulimovirus 1gu hi¥aludng
mamaﬂn:m‘i"] (Caulifflower mosaic virus, CaMV) lasd
nalnvasdfauiuslunstonaalsa dait S1euvaine
2zl luvas VCP madnutlans N-terminus 2a9l56u P2
‘T;\‘il,flu aphid transmission factor (ATF) %38 HC waih3w
Z9lé5ua1n mesophyll maoﬁmﬁﬁvh%'m:%'uﬁ'ﬂmaqa
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HC 284 IRP va3uuad luumeidsdiu VCP memuiane
C-terminus 204113@u P2 axduagiuluséu P3 vaslia
S'f%\‘ll,ﬂu virion-associated packaging protein (VAP) ﬁ‘lﬁ%ﬁu
mnm&mﬂmaﬂa%’aﬁﬂ:ﬂumﬁu mesophyll 438 phloem
YN LLa:ﬁmﬁhﬁﬁuﬁum&mﬂmaavh%'a (Espinoza et al.,
1991 ; Martiniere et al., 2009 ; Woolston et al., 1983)
FoiudafaUjiuiuiuasesdsznaude g ffudes
Auiluwaswinessmuisadienaalseld (Figure 1D)

A SFC

1260

Figure 1 The transmission strategies of non-circulative plant
viruses in insect vectors of (A) CMV (El-Borollosy & Waziri,
2013), (B) TVMV (Vincelli, 1994), (C) LIYV (Tian et al.,
1999), and (D) CaMV (Gnutova et al., 2002), respectively.

Notes: stylet salivary canal (SSC) ; stylet food canal (SFC)
; plant tissue (PT) ; internal insect stylet canal (1ISC) ;
internal receptor protein (IRP) ; Cucumber mosaic virus
(CMV) ; Lettuce infectious yellows virus (LIYV) ; Tobacco
vein mottling virus (TVMV) ; Cauliflower mosaic virus
(CaMV) ; major capsid protein (CP) ; minor capsid protein
(CPm) ; internal insect foregut (lIFg) ; viral helper
component protein (HC) ; DAG (Asp-Ala-Gly)-amino acid
motif ; PTK (Phe-Thr-Lys) box ; KITC (Lys-lle-Thr-Cys) box
; C-terminal viral protein-2 (VP-P2-C) ; N-terminal
viral protein-2 (VP-P2-N) ; viral protein-3 (VP-P3) ;
viral protein-4 (VP-P4)
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Transmission characteristics of non-circulative plant viruses transmitted by insects

Non-circulative

Biological characteristic

Non-persistent (NP) Semi-persistent (SP)

Acquisition period

Seconds to minutes (Brief) Minutes to hours

Fasting period*

Increase the rate of transmission No

Retention period

Minutes to hours Minutes to day

Mechanical transmission No
Latent period None
Transmission period Seconds to minutes (Brief) Minutes to hours
Retention time in lifespan of vector No

Transmission after molting

Lost after molting

Transovarial transmission No
Multiplication in vector No
Presence in vector's hemolymph No (Brief)
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Table 1
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Transmission characteristics of non-circulative plant viruses transmitted by insects (cont.)

Non-circulative

Biological characteristic

Non-persistent (NP) Semi-persistent (SP)

Specificity of vector for virus Low Moderate
Zone of transmitting tissue Epidermis Phloem
Region of virus-vector interactions Mouthparts Anterior alimentary canal
Cellular barriers No
Transmission strategies in vectors CPS/HPS

Note: *Pre-acquisition fasting effect on vector/virus/plant combinations

(Berger & Pirone, 1986 ; Ng & Falk, 2006 ; Palacios, Drucker, Blanc et al., 2002 ; Powell, 1991)
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