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Plant RNA viruses are one of the most destructive pathogens that cause a significant loss in crop production
worldwide. They have evolved with high genetic diversity and adaptability due to the short replication cycle
and high mutation rate during genome replication, which are characteristics of RNA viruses. Plant RNA viruses
exist as quasispecies with high genetic diversity; thereby, a rapid population transition with new fitness can
occur due to selective pressure resulting from environmental changes. Plant resistance can act as selective
pressure and affect the fitness of the virus, which may lead to the emergence of resistance-breaking variants.
In this paper, we introduced the evolutionary perspectives of plant RNA viruses and the driving forces in their
evolution. Based on this, we discussed the mechanism of the emergence of variant viruses that overcome
plant resistance. In addition, strategies for deploying plant resistance to viral diseases and improving resis-
tance durability were discussed.
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2 NeH, e 57 Hholg| Lo ot

3}
(resistance gene, RIS A4 HY ¥-2-& Yo 7]7|%= githde

AE Hloleiat A7) ARE A AAHC R Cort 48 Ronde 5, 2014). of2fat A129] R $AH] o3t WAL 94

o A3 st gloo),

B2 F9 A= vho]g} A= RNA A4 (dominant resistance)o|2kal sk, vRo]# 2 9] ZH o]

Ao 2 AT QJek AB-L ol Hrojelad] gl T Bast 7|5 1Akl Hojo] o3t Wele A4 A4 recessive

okt A 71ZHS AU T

Qith 3k £9] A E L Of]Ei H}o] resistance)o]|2}al Stk (Palukaitis2} Yoon, 2020). A1 &-2] $-A]
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ZHavirulence gene, Avr)7+e] AAS 280 2 ZHrETh(Keen,
1990). whetA], Hiol2| A7} 259 #3Hd& S H(resistance-
breaking, RB)5}7] 9|8l4l= Avr -ZA}o]] &R o] (mutation)
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Fursto] 420 4 fAReLe) ABAE-S sl
THde Ronde <, 2014).

ufol@l s §RAH Y Eelio] MY Hlolg 20| B
2 Bl A wf - WA dojd 4= Utk (Domingo,
2016; Roossinck, 1997). £3| RNA vlo|g| A 2] EA| 7 A (RNA-
dependent RNA polymerase, RdRp)+= A 114 o4 DNA
Hhojg] o] s @ F77} IS 41, B2 B4 5719t
o5 3% 71ate] Aol Qs Badvo] WAFo] v
(Domingo, 2016; Duffy 5, 2008). ©|2 213} Hfo|&| A= T}
g Alge 2 WEA £3sted, 7| HHE Wel7|= she, 4
20) 4L FrZR 253 S| WO R B
o] 2|&A¢] S U2 7IthElena 5, 2011; Mattenberger 5,
2021; Thresh, 2006). H}o]2| 27} A9 4dE 2h= 7155 st
Y 5 e 2L 71500 A3she I Folle thddt
Slo] WA 712ko] w2 mhole2 B4 2] A W
ol s=HtEtH(Morley$} Turner, 2017). o]2j3t S|
o & Hiolg]A F3 9] H7IA Q1 MAH-2 Hiol2] A0 /g
I A 22 oA 9] FA1E 7H9 A (fitness)ofl &fsf =4
= 4= 9ltH(Cervera and Elena, 2016; Elena 5, 2014; McLeish
S 2019). A F7HA] TheFRE vHiolZ 2004 R-Avr ARt 4%
242 B3 AFH 71%o] BEAHOR, EG vholei2 Avr §
AA}e] Euo] Mol W2 /1% AT FH3} BAT T
5t A Aupr} B 1 E|glch(Harrison, 2002; Moffett, 2009). £
=wollAE AlE Hlolg A7) 2= 215ke] YE =) ookt vt
o2 20| A 9] A FE3ZHRB Ho| WA At AR
11, o] B3l ZAo| 42| RB Blo] WS A AA7] 2L A& A]

FHL T 07 2412 5= Qi Heol thal ThaA) Sk

o

Al=S RNA HiO|2{AL| XISt

A& RNA Hpol2| A= 412, Y8 o= e =& o
Aol 2o 2 ZA)scHSchneider?} Roossinck, 2001). 0]
2 g7gel 71 A gt HolA| o A e 215ke] 712 7
ofw, o]2|gt AxAYE et o9 7] Jg-2 Hho|2 29
Z3}of| = s Elth(Roossinck, 2005). 21/ E4 2ol A
O] A A Al F4] T8 o2 Hod 4= glom, vio]z 29
3ke] WaF ofsfsh= © Qlo] 7H o3 i S
Bolali 77] tha arel Aol Aol 2ARE 222 Y
3]+ A o|th(DeFilippis and Villarreal, 2000).

Hho|g 2o wet 2h Hoto whE A3 wstol gt 4
|82 oS 5 Slok o= 715 HeZE §AY vt wiviE
< Sl AutEl= o A& Hiolg| 204 BE Fasith 53,

3

o
)

715 AR} i BRN S4B HholE Ak 7} 4o
A FH o2 o2 A (selection pressure)S 7} 4= Q)
(Fermin, 2018; Mauck, 2016). TSt RNA Hfo| A 0] 232
Sl T A olAe) 1 ERTE 3, Hholal s Aol
B FH(untranslated region, UTR) TS Hlo|2| A F4]0)|
8% 7= FEot, 9 I G O RNA 2=
AESFA o 2 2931 AL 712 4= 9tk (Dreher, 2009; Mine
7} Okuno, 2012). UTRo|| 4] 2] AE3H4] 22 T4 RNAS] 2
A 0l 33} 720 oJ3) ATk 5, RNA vholel 2] 11she =
o Ghao) ofuliedl ARt oljzh RNA 7% ARle) 4
9 7ol A= Mol e Aueke) Aoe] Fojict
(Bernet¥} Elena, 2015; Fan <, 2012)

RNA H}ol2j27) 3-8 Tk S 71217 B AL vholgl 2]
77} 9 7)2ke] skekE TAo] Qlck RNA ol 29| &
Ax I 7]12ke 2= £4 A5 (segmented genome), tht
iz 3z 2 A Al(polyprotein processing), A E Al RNA (sub-
genomic RNA), A Z E (frameshift), =2 T = 9 A(stop
codon suppression) 5] AZFE=0] 31tk (Roossinck, 1997;
Zaccomer <, 1995). Hlo|H AL G-&z}0] Fil20] S 9]
3} o2t 7|25 sh o] AHH o] &-5taL gler, o] ERF HE
olg|anit} AE2 AAA7I7] Y3t A9 A Zot A
slef2 Atz & 4= qlok

AlE Hio|g 2 Z1gtof| et W A= A2z 7|AA
S AHGRATE T 29 AlE Hiol2] 2 9] Zhed Aol A
43 As 7ol T A () osf Autge] whet Jst
of 2fghio] glo] HEloAo] Aok 2 EFHEICk o] o
3 ulolalA0) E-& Ao 2 Boldg Suksinl, vhol
20] A7} doil7] $1a) AL A Eelok ErhDietzgen
5, 2016; Mauck -5, 2018).

-9 =& Hola = Qs AFAQ Yok A=) I ol A
RNA ulo]2]2 9] Z3HS A sh= 212 otk olof we} =
& WOl &2 S5t Hiolg| A T4 AWst=t o] 48
Aoz F-83 W2 FALE(quasispecies)] 7lgo] 20|
11 Qlth(Fabre 5, 2012; Sardanyés$} Elena, 2011). -2 4> o
Y Bol|L ZeE|F= Hio]# 28] (DNA &4 s H o
A NG AREh o] FAA 15 B Aol e 5
Sk oleig 53] Holet vhola2 Aste] AAUZ S
osfist= © Wi FJsA AF&sfjof itk AEAA o= T
Hpolg & £E|FE 9 Ago] ol 35 Age TAHeE
FAE Tt SAHol o Foltk gt Hiol A E2l5=2] A
£ EAL FAFEl Aol 2=, Aggo] 285t o
9 T3 ARSItk HEol B A AL T2 A A

=
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39l 7

=
Fjo] A ARY = 7]
29918 T 710 AR TESE 5 ugge]  HrkFig. 1.0 Al A 9EEe mE ulojzlx 29 o
H3E 714 2 7] &= g (Rachmadi 5, 2018; Roossinck, 1997). &

A FAQ Wato] W ML AW A RAv R} 7k AEAGo)A GloiA] RB Blolrh WAt

A7) tHAndino2} Domingo, 2015;

A 3ol Zglo] Al 4»@4

3ol
SIS SHTTE ol HlolH2 fAE THE A 42 vpolgx Ao GloiAe] 78 UF
Z9]9] 3174 H3lo] u2 % E_Hot}oﬂ o)) 0]9] 4|, A Z&Hrecombinant), A} E( reassortment)i

= S7M71ed S8 282 3, vtol

ﬂ/olutionary forces \

¢ Mutation Pparental sequence --TGC GTC GTA ACT GTC--

Substitution --TGC GTC CTA ACT GTC--
Deletion --TGC GTC -TA ACT GTC--
Insertion --TGC GTC GGT AAC TGT C--

Progeny
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Fig. 1. Evolutionary mechanisms involved in the emergence of resistance-breaking variant viruses. Plant RNA viruses continuously accumu-
late variant progenies through mutation and genetic exchanges, such as recombination and reassortment, in susceptible host plants. Most
variants may be negatively selected in susceptible hosts. However, when the virus is transmitted to resistant plants, host resistance can act
as a selective pressure; thereby, a variant lineage carrying beneficial mutations to overcome the resistance can arise, resulting in resistance-
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Table 1. Mutations in Avr genes associated with the breakdown of plant resistance

Mutations associated with

Virus Avrgene resistance-breaking’ Rgene Host Reference
Camv MP ND CAR1 Arabidopsis Adhab et al. (2018)
ClYw P1 124V cyv2 Pea Nakahara et al. (2010)
(@YY} 1a H865R, S896E, Q957K, VO80A Cmrl Pepper Kang etal. (2010, 2012)
1a N253D, P553S Cmrl Pepper Heo et al. (2020)
cTv ND Several amino acid changes in 5 viral proteins ~ Unknown  Trifoliate orange Harper et al. (2010)
PMMoV CP G47R, S82A, Q86K, M139N L Pepper Genda et al. (2007), Hamada
etal. (2002), Moreno-Pérez
etal.(2016), Tsuda et al. (1998)
PSbMV VPg ND sbm-1 Pea Keller et al. (1998)
P3 ND sbm-2 Johansen et al. (2001)
VPg ND elF4E Ashby et al. (2011)
PVX CcpP T121K, K127R Rx1 Potato Bendahmane et al. (1999)
CcP Q78P, V62l Nx Cruz and Baulcombe (1993)
MP 16S, 16T Nb Malacuit et al. (1999)
PVY VPg S101G,N119Y, S120R va Tobacco Acosta-Leal and Xiong (2013)
RYMV VPg R374l rymvi Rice Hébrard et al. (2006)
VPg E49T rymvi-3 Traoré et al. (2010)
P2a E64G, F66L, F68Q, V70A, F115L rymv2 Pinel-Galzi et al. (2016)
SMV P1 ND Rsv Soybean Choi et al. (2005)
P3, HC-Pro E768G, V996A Rsv1 Hajimorad et al. (2008)
cl K1754R Rsv3 Seo et al. (2009)
P3 Q1033K, G1054R, S1503N Rsv4 C:ﬁ;’:\‘;’iid:tya‘itégg? O
TEV CcpP N-terminal region RTM Arabidopsis Decroocq et al. (2009)
™V CP F148S N’ Tobacco Knorr and Dawson (1988),
Saito et al. (1987)
RdRp ND N Csillery et al. (1983),
Harrison (2002)
ToBRFV MP N-terminal region m-2° Tomato Hak and Spiegelman (2021)
ToMV RdRp G979Q, H984Y Tm-1 Tomato Meshi et al. (1988)
MP Q133K, C68F Tm-2 Meshi et al. (1989)
MP S238R, K244Q Tm-22 Weber et al. (1993)
TRV MP 10 amino acid changes Unknown Potato Ghazala and Varrelmann (2007)
TSWV NSm C118Y,T120N Sw-5 Tomato Batuman et al. (2016),
Lopez et al. (2011)
TuMV Cl N1686D, H1857R TuRBO1 Rapeseed Jenner et al. (2000)

Avr, avirulence gene; R, resistance gene; CaMV, cauliflower mosaic virus; MP, movement protein; CIYVV, clover yellow vein virus; CMV, cucumber
mosaic virus; CTV, citrus tristeza virus; ND, not determined; PMMoV, pepper mild mottle virus; CP, coat protein; PSbMV, pea seed-borne mosaic
virus; PVX, potato virus X; PVY, potato virus Y; RYMV, rice yellow mottle virus; SMV, soybean mosaic virus; TEV, tobacco etch virus; TMV, tobacco
mosaic virus; RdRp, RNA-dependent RNA polymerase; ToBRFV, tomato brown rugose fruit virus; ToMV, tomato mosaic virus; TRV, tobacco rattle
virus; TSWV, tomato spotted wilt virus; TUMV, turnip mosaic virus.
“The position and change of amino acids that cause resistance-breaking. For example, 124V means the change of isoleucine at position 24 to valine.
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A o] g 4= 9tk Bl vlolai2 Aol B
ol A dojub, Al B719] Al (substitution), 1A (dele-
tion), == A ¢d(insertion) 50| AT 4= Q)t}. 53] RNA v}
olg) 0] 7 BA|E 49 RARp] & BA 9.7 540
2 Selulo] Wy go] ou] B0 2 107)9] A7) 37
9] o 7} AT Domingo, 1997; Kurath®} Palukaitis,
1990). 121} 2} Hiol2|29] RdRputt} EA| .57 =7} o
£ % itk 3 wpolelz SAARI $91 fego] o
o 57 Aol whebd = Thore w910) Eeluio] WAVE S
7431 Qe o] 7} uhoje] A} Alsho] 4:8-2o] glo] Aol
£ ZH= 29 wRo] Qlokal & 4= glrh(Aanen} Debets, 2019;
Arthur 5, 2012).

Az SARolels T M2 e TS AN
o} AR 2] Al S 21 Hholelse] S RNATHA
zto] o] Yol 4= glom, Aol Fe Y A=Y
ZH % RNA 7k WA Alasgto] ks = gehsimon
1} Bujarski, 1994; Sztuba-Solinska 5, 201). A5 A 232 4
et 912 B RS YA R4 dofd 4= §lom, o]
e A2 AEE] Ao weh gfAdel B 571 4 3l
thBruyere %, 2000; Roossinck, 2003). A Z3H2 Aeigte] 2}
gol w2} 2ol AFHe) WelE AHT S Ak AR o
olel a7} ste] S Bak AU A9 AU S B 9H
A e Folo] i 295 Dol PR B AT
o] & Ho|E AT = Qlrh thaket vio|g 2o tiRt AlF
YA HA2 A 23to] viol2] 2 21t A mip- Fagt o

38 2L 733 AAFEL Y rHSztuba-Solinska 5, 2017;

. oft >
to 2 0

o

1995). 53] ALAA o A= ThF et Hiol2] 29| Fot o] &
s7] W], AuEe el HeAel WsE fUss o
AUZo 2 P Eot AA|E o] gth(Fraile 5, 1997, Moro-
zov 5, 1989). Al FHATHY B S Fofl Al B ELF ohFet
Hpol2| A 9] Xste] glojA Fadt 4TS FFASo] ¥
A2l 9JtHGarcia-Arenal =, 2001; Roossinck, 2005). & =38}
I i E-2 5F Hholg A Ei= o]F Hio|g A%t A 1A
oA dojd 4= glom, Hrk 5221 o5 do 7, 7|5 He
Spgat 28 chopd §7) WstolA rolel2g A4S &
&k

A2 Hio[{A Q| KigHy 3=

B FEE AO7)7) YA 4B wrolH AL 42
Hro} 7)2he SR} B, of2i3t A8 o) o] 7|e
oL Hlolgise] UBHE fEsti AEeo 2 243}
o} vholg A fALE ol Al wo] 7| &to] Mgt
2h-g8 o v EEA A/de S535H= RB 4RO
AslA ek A= R FAAbol| 23t A S-S flsiA
Hho|2] 2 Avr Tl A 0] Q1 4lo] B asit) = R-Avr A3 HE
O] A A 27] vpolg|& FA]o] o] FojR|H, o] B2 F

712H5 3t Avr 74310 Slo] $1910] A o] £k
ofultck o} F 3l Avr §82to] E¥lo] 7 wAyste] R
o] J5Rrgo] A o, 4)8e] AgFAo] S RB
ZdHo|7} 23S 4= 9)tH(de Ronde 5, 2014; Moreno-Pérez
5 2016). o] A Avr 3R o FAMO|7F sk A& A%
XS FEI AL TR A5 vholel 204 1 g vt Ik
(Table 1).

2o R Bko] 2] A (Sobemovirus) 4:2] B AU Hlo]# A
(rice yellow mottle virus; RYMV)= ¥7} 7k = rymy &R 7 o]
OJsf| Aloj=l= BFo|H & F Shfoltt o]= RYMVZ}F A9 5t=
virus genome-linked protein (VPg)2] Tl ofu]i- Al H3lo]
O3l rymv1 Ex= rymvi-39]| 3t A FHEHE= A=
B 1 E]Qjch(Hébrard <, 2006; Traoré =, 2010). T3+ 2FA RB
RYMV 22|57} I58h= P2aclA] F712¢l 57H9] Edmo] =
= F 8l rymv2o]] gt A E3F FEe)= Zo] Hily
1t} (Pinel-Galzi 5, 2016).

Q R E A zulo]E A(Orthotospovirus) 2] ERFERFA 9|2
Hl-o]# 2 (tomato spotted wilt virus; TSWV)+= A AlA1Ao =2
e 22 A7 AAH £48 Aol vl Az, 2
2o AT T RB S Mol A So] $5 B v} 9]
thHAdkins, 2000; Kwon £, 2021; Yoon <, 2021). Sw-5 8- A=}
£ EnfEof|A] TSWvel tisf] axtA o 2 23S WA=
FZA}o]tHCebolla-Cornejo 5, 2003). )&= TSWVE] o]%
QI NSmE] ofr] =it A HoA = EAHolE Sl A%
go] FUR|= Zo] FRIE|GIthLopez 5, 2011). Al LAY eH]
Aol 2 o] RB TSWV 25504 F 71 H EdW
o] F st T EA o E WA As e = UL, wet
A 57 Ho 7L TSWVE] Sw-50]] gt A3 F50f §lo] =2
A& AYe= A& ¢ 4= AthBatuman F, 2016; Lopez 5,

2
W oox

ol

¢
17

T
I

N
ofs

-

e fU
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> oo rr 3L |o

]

_I

NZEJAE Tsw FAZE TSWVe] that A3 §-ax= 2
St GEA Qlok s, vl= ) S A RS
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o
oft

t= 15 FF=00A4 915 o A" YA 5 Bhelgx
U= RB TSWV Ee|F50] =L, 5 et
ARt TSWV Z2j5=0] tfjsto] ofu|ieAl A EE vjwgt 2
3} % NSs $7e] st <la) AaHo] B R0l o
Q1= tHKwon =, 2021; Macedo, 2019; Yoon =, 2021).

F-EuFo|E A (Cucumovirus) 4] Qo] Apo|Zrfo| A
(cucumber mosaic virus, CMV) 7|329] Z+g3} Adto] 9o 7}
% /452Q1 RNA Blol2| & & shu=, 1159] ZHge] Qlo] =
53 X3} 9l Hol= A S = WA TtHKIm 5, 2014). CMV-
Fny= Cmrl 8RS 7= 504 494 UehlAl X
SEAATE, CMV-P1= 84S UEtl= 21 S8 4= sl
11 0]= CMV RNA19] healicase =H|Q1of| £A5}+= 47[19] o}u]
4k H3to] o3t Ao 1w {rHKang 5, 2010, 2012). wpzk
7H 2 CMV-GTN B8]F = Cmr] AAS =g g4
= Y= Zo] &I 3=t ©]i= CMV-GTN RNA1o|| 9]%]
Q57 ofn|icAl 2polof 27 Zo] EH1E }{tHHeo 5, 2020).

=2 Ag|28}o]g| A(Closterovirus) £:20] ZHEE ] AE| AL
o]g X (citrus tristeza virus, CTV)+= A MAZ .2 ZH=of T
She sl ntolalaz gelx glck BRI CTVe) A3t
42 mo] F2 7197] 92 B2 ALY, CTvY 57
cha oA 4171 o} ofulicdt Mol S-& CTVE] AL 7
H=EYrk B 75 Qick(Harper 5, 2010).

EHlrHlo]# A(Tobamovirus) £9] 1130Fst Exlola] A
(pepper mild mottle virus, PMMoV)= A AA Ao 2 2HAY
s, SlollAe 5, Bz Eztol| it S oA A=
o £4& o] Holg|A 2 Z dEA qUokKitajima 5,
2018). PMMoV9] 9]u] Tl & (coat protein, CP)S 11329] | &
AR o] gt Avr IRt LrEfA glemn, o] F=z2]= RB
PMMoV E2]F T3t Wo| B %o itk (Antignus 5, 2008;
Moreno-Pérez 5, 2016). RB PMMoV: CPE] ofu|-Atol &4
¥lol7} whisto] L gAAto] ek S Frmeiria B
=9t Genda 5, 2007; Hamada <, 2002; Moreno-Pérez %,
2016; Tsuda =, 1998). Ex}RH}o|& A £4:0] Tl L x}o| Fu}
o] A (tobacco mosaic virus)2] CP2} RARP ESE Tuljlo] N &
ZAzto]| TRt Avr QIAL= ZH-g-5m HiolH A Thl e £ &
ARo|7 YT Al N A3 & FHEHA Hch(Csillery &,
1983; Culver2} Dawson, 1989; Knorr®} Dawson, 1988; Saito
=, 1987).

EdlRHlo]H A £9] EnlE ® Ao FHlo]# A (tomato mo-
saic virus, ToMV)2] 79, RdRp7} ERLE Q] Tm-1 AR} AF
BA-g310] Avr QA AT Tm-1 AR BEL 24
oA ABH 02 Aufstee v RdRpe] Eidlo] 7} walste]

> ok W
)
filo

e

6704 ol EA}o|a F4ta 7= WF o] YEhgthL 2
=] =1} QtH(Meshi =, 1988; Pelham <, 2008). n}:71X| 2 Enf
E9] Tm-2? §AA= ToMve] o] = thal 2 (movement protein,
MP)i} A2 2H-g-5to] AdS F=sHATE MPo| £ =4
wHo7F A ghol| whet Aetgdo] whjE 4= Qlek SHA|TE MPY
ek RB £+ AdA o= IS Ao 2 AR 27 o)A
ToMVel| 8l Tm-2°= o]4s] afA o2 g3ttt HilE
It (Meshi =, 1989; Weber <, 1993).

Erhmlolel s o] ErEZA R 1 ATHIuo]3 A fo-
mato brown rugose fruit virus, ToBRFV)= A& AR}
A Tm-2°5 33 AAY7IA] HE BE A BEvtE %
= A o ol dEA B2 AEE d]aL ok o=
ToMVe} ToBRFVE] A %3t AdS E351o] MPL] 19| 4] 216 AF
olof] EAfst= ofw|ito] Tm-22 fARF] A FHAdol| Tefst=
Ao 2 F1%]QlcHHakd} Spiegelman, 2021)

E Betutolg| A (Tobravirus) 42 B dSutol=| 2 (to-
bacco rattle virus, TRV)= 92 7|5 "$E 79 A AAIE
© 2 PAYS}= Hiolg|Lolrk 214 A A} B
AR = FUANE G A4 FHALol| ol A7 o] AlojH
o &HA 9lom, TRV MP7} Avr Q1A= A8kt TRV T
gt 71E A FF5 A Ysh= RB TRVZ| 27 of|A] Ay
a1 3lem, RB M09 ofn|ieit A E £4 A MPojA 10
7N &} opm|eAt Wo|7h BRI E-o] B arH v QltH(Ghazala2t
Varrelmann, 2007).

ZE| A8tolg A(Potexvirus) £52] ZAMEFO]#] A X (potato
virus X, PVX) 2] CP= ZHAHS] A3 54221 Rx13k Nxof| Tt
Avr Q122 2H-g-51H, MP= Nb 212 of| T2k Avr QIAF2 2H-§-
sto] A 28-S -F- =38 (Cruze} Baulcombe, 1993). o]
o A4S PUXS] CP S MPoA|] Thel ofujieAt oo
ola) Thal= 4 glon], A4 WA ThaFst RB Aol
B} H 5o QltHBendahmane 5, 1999; Jones, 1982,
1985; Malcuit -5, 1999).

7l 2 mE Aol A 49| ZRutolelA Y (potato
virus Y, PVY)= ghlloll A vasiztol J) S L)
S5 VY7 ek VPgol A 370 ouli At o)} )
SAS Fu =kl B 1 E it (Acosta-Leal T} Xiong, 2013).

ZEJHlo|F A (Potyvirus) 42 Bl 4] ZHdlo]2 A(tobacco
etch virus, TEV)= 7|5 7 G171 AT g, 15, EnfE
2o A7 SAAS dovle AR dEA rhNutter
=, 1989; Ozturk =, 2020). TEVS] Y Ao] tfst ALS0] o 7]
Aol A = om, RTM F- A= TEVS] CPo} AF 328
< shof A3 vheS doXivkal g4 Sltk(Mahajan 5,
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1998). Z+& ZEjrlolg A 49| A E=FHELo]Z A (plum pox
virus, PPV)<= o]2|3t RTM A= FH = of 7]t o] A4l
ol 75k, ol= CPo| NEH ofn|i=Atke] Zpol & QIgh
Ao 2 dreHch AdA o 2 TEV CPo] N et H 915 PPV CP
o N ol A Asiste  TEV £ AR
FuEe HAEEE © 2 gI=| it (Decroocq 5,
2006, 2009).

ZE|RLo|F A £9] FH RFo]FHlo]H A(soybean mosaic
virus, SMV)= ZA A E 0. 2 diimofl M Azt w3 E dorl=
sholel s 5 stbolck ol SMVe] e Tl vh
ZAZHRsv1, Rsv3, Rsv4)7} BH&l A Qlom, o] & AFA 1A=
o]- &k Tk gt SMV A3 FFo] 7 E ol hLiv 5, 2016;
Tran 5, 2018). :LEM ol A FF= A Hst=RB =
o] SMV Eg|FEo] 25} tHChoi =, 2005; Harrison, 2002).
2|3+ RB SNIV EdHol 59 ofn|icits Bl WSS w, SMV
o] P1 A oA BE A obulieAl Aol Hol7h eRte
], ol2fgt Wol S Fal Revol e AgHio] Tl Aoz 1
1= tHChoi 5, 2005). T3, R5V7% THRe=dE= &2
H5h= RB SMV £2]5=9] 739 P3 -4 A}ol| S AM o) 7H g5t
o] AL FEI Ao Z El?lElﬁiE} Hajimorad 5, 2008).
Rsv4E 7HA= i FF0lA4 JA| SMVE] P3 -4 7 of| Tl
ofu| Al ZAHO| 7} Rsv4 A A =53k o] S50 &<l
%t (Ahangaran 5, 2013; Chowda-Reddy 5, 2010). Rsv3&
7HE A T FFolM= A= the BedS =Sy
HH/d DNA 222 o|-&sto] 19 ofmficit A Hof EAHo|
7]. lg/\gbi 7(:3]_?_ Rsv3 x—]a‘l—/\é g_ :_:(-E-sk A gl_ Hog E_,_Qo%
tHSeo 5, 2009).

Ho[22Hoil chigt A= kgl T A LS

)lc
1)

ge ofd 3
A AAE 7HA L QleH, o= i
2 HolsttHMandadie} Scholthof 2013). A1 529 &A] A3A
B3-S AETH P UA|Y FHAE ABAE, 5 AB RGA

Aot HAA O] Avr -8R} 7] AT ARG o A Ee
Ao 2 AAECHBurdon £, 2014; Flor, 1971). 4 B4
of tht AaHgo] EYUE AHEL WA o 2 Aufalis A2 A
A vl X](plant resistance deployment)= ThoF st 21H-E-0f A
Hho]2 A2 A|ofsl7] S8 AH&-E o] Zth(Borrelli 5, 2018;
Piquerez =, 2014). 3}A|qt o|&3t A& #&A] vl x]|= s
FAE = AL obuw, AA| 24| A AHEE SIS W RB =HH
o Hfo|2|A9] ZH 0 2 o] thA| FAtE = A7t FF ¢

YA 25 E o] 0}71 Hsto] o ASe

o YU S ENHO

ol

&)

-

d

oJdtHBrown, 2015; Parlevliet, 2002). wh2hA], HA&A3 9] U
TA(durability)& &017] I3t &5 T AufEEQl o
o] Wasic},

AR U4 ASS AsiAe A AT vholg &
of 13t 9 A S5 712 gt ofsE vl = 7]E
AREE AR AR WA B AR v 82e AHAIs
A gefshz o] stk vl E viol2| Ao AY S5 I
off thek 23} 7142 & d2jA AT, Broj2i L 3] tis)
28} 7)8fo] wlxE GeFL HeksPl FFs] ofgck ol
BRe fgw g3 4TS Fof vlolzj2g] W E, vlole
2 2 SR, FUNA ThEE ZAROZH AL 4 9
t}(Kobayashi 5, 2014; Lecoq 5, 2004). HAZAJ ] Y74
2] RS 2orE vl APA A WA 2 vpojeix
o] Ao]E 93t AT Ak YL DA oL S 9o
o, ok BEly A7 =0 2 4 thGomez 5, 2009;
Jeger 5, 2018).

¥ AR TRl YolH = BAFHE AATA g}
APHE 2R A 78 G JAS SO R 1
sfokeieh. o] A9, B AYH A4S o83 A
o] =2 HAYA 77} 7Hs3cHMontarry 5, 2012; Nelson,
1978). ol 9= vholel T L A, ufolef s
o] 48] o, Ate] 7k w2 ghe B9l T
ok EYAA A AR oh EAT A9 AR $87

o] =2Hrotation)Z &3l B AFAEY WH4Ee =< =+ ot
(Goldbach 5, 2003; Kang 5, 2005). &, E3}42] HA3AY
AAE e FES S4H 0 2 Ao, RB EeAMo]9] 53
A THE AA $AAE e BEOR BASIL, 0| FREE

o] o] MAYE O] F23] At 3 oAl dfo A

= A = ek 22y o] A835tke diole 2T &
o uol2| A0 WUAS s U Fs, 43, 23
O 2 giA7t 7He e FF= ok 5, FF= S |
AaP7] Al e T RS S Lolok she 5 ool
Atk E3L T8 A FF52S Auisiezie LA A4
F3oll tigt RB SARo|7F &3] AAEA] gh= < Utk ©]
23 ol & s as] Aall, SHAY o] AR 7Rt
£ Al =Yst= -4 Z2hu|g(gene pyramiding)o]
Ao Y7A 2RL o) da] o] &= QithFuchs, 2017;
Joshi®} Nayak, 2010). G2} gjgtu|gdo] A gAle] WFAS
2771 HAY S ek ghot, duba o 2 satn)d
8 RE A FAR ] e A FESHE S v}
ofgf a7} MAEIol BHEHO R e W} Ao dAE
o, e}, A% detnlg S Ba WA g e

ofe
of¥

HT
e

O
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AR} = AARe. = AR ETh= S A= glen, T E
wAUZo] 283 4 ek o SR 54
23] tsf H}Olﬂi’\i’l A T A BEE {AAk
SHH7HIAYE B9 Aol 2A A —’F Ak
A& vlolg|iof i AR Alols 44 A3
AHEAE of 2} vho| 2 0] {HRE 01%'3}715 gt} o
%, uolel s CP A5 A Bl FUAASHY AR X
A8 1A B BAsHs vholel il o) AL ST
4= 9l2-0] vF % thBeachy, 1999; Lindbo£} Falk, 2017). H}0]
2 GRS ol §3 BATH AL A2 A G
A X2 ka1, Aot e) Wi/l L F-AIE = Aol Slof
TRt 2ol AzEgott MY 2o gt A
Aoz Ao ek
stol Azt Ba 2 she 71 clxte] Bave] 292 3
ovEL o4 A E3 HATA AN 95t 25t oA
& A A o|tHDiaz-Pendon 5, 2004; Truniger®} Aranda, 2009).
Hhol2 2= A AZAboA] Tkt 715 QA AR AE&
YR 2 SHg| ojeidh 715 et HEAG-2 oS B
Aol S =it 24 uho|H 29| SIS AAIE 4= Stk &
4 A dtd e 2 94 A3l Bish AR/ W+
Aol e X%t &4#A QltHHan 5, 2019; Hashimoto
= 2016). €A AL SLst= thofslh 7)F A EL A
ukek g AsHforward genetics)2 Z3f AL FESHAE
AR A Tl A BrEHOw, Hhol A B ste] 4B
.9]0] Sl WYL AT 4 YgicHLells 5,
2002; Ruffel =, 2002). 94 A3H] 7] Q1A w22 98]
Lol = I -4 3Hforward genetics)d 9] A7 4=
Y1 glom, Bt 715 AR tiet §-AAF S 53 vt
olefs GrujaTte] 452§ AISHE BNl £t
o A AE= Mgt A=) Al=HI YitkHan 5,
2019). ThFat vhol 2 AR 2 A= Bst, A=
& RB SiHlo] vfojejie] Hdo] A&H o Wy Aoz
A7 dioll WAL W8 e l=°l7l Sikife
Zyz o] L¥o| g @5}, F3 A 2E Bﬂ;qﬁo oA U

-

SIL 21§ 7]21S W3l o] Qlof A4 A7} Saylofof
B,
2 o

2A)E RNA Hlo]g AL ANA R o2 ZHE YAkefo]| Z &4
Z

&4
F0 BOA 5 SRR, RNA vlolel A7} 2k &
[e]

=
=

L doy=
B BA) 3], Als BA F0) 2 o] BAE Fow

747 Tt 48498 7K e Aste) gk

) L A FRoR
73 Wistol W2 AEgte 2 e AR 2
o] w2 A ot 4 glrk. 4122] A3
=2 2t 5].0:] vlo]g| A0] AEtAlof kL n
0| A g FH3H vo] vlolglng) FEOR o
- S1ch. 2 EOAE 4] ANA Hhole|o] dhat 1)
B 9 ste] AEAS 27)el, ol F Higo 2 AE 2
g SuatE Wol upolgd A0 & 714 1A Fi.
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