[ Downloaded from journal ofbiosafety.ir on 2026-07-11 ]

[ DOR: 20.1001.1.27170632.1400.14.1.3.0 ]

et el e
\Fee JL@J' A GJL@\: NY 092
b= ISSN 2717-0632 (55 2SIV ISSN 2716-9804
Z & " o . .
;;N:.S L?"L“”U"'Jﬁﬁ BL) ‘Ju}w LSL‘““W :ﬁ)\s
@20.1001.1.27170632.1400.14.1.3.0
T4 oS 5905 Loy feslews! 4z

Ol Ol s cOlows 3 ol8ils (g5, 5UaS 0 aSCiils o (S 5aalS 05 S« ALS wlidglen 1S5 (g smmiils -)

Ol o3 Olasy o815 (g5 5LaS 0 uSiils o (K5l 05 5 o ALS wlidg lew Sl Y
koolivand@znu.ac.ir
V¥ '/'Y‘/\\ u;’_}‘.’.'j‘f. @)U AACEKVEAVART :C,-ét.;).) @)L

VA-YA a=io

o>

Olseay Ladl s olS s any asly cdipls oY pams W5 (510 oS Sbdg s w0 e 6 aLS sl s s
S s g 55580 s Slaai) plw s J5Sge w3 LS bl 3 i slasl
oLS s Slop 5 ool 5 S0 i U LS el e 53 b slins 5 Sl
$lolgs J=lS dlawn S e sie dlana )l S (infectious clone) 3o sis dluan &) 5o
L oAbl bl s s 1 edsSes T glaciss; Ol 5 oo OF 51 eslizul b 45 ool (full-length DNA clone)
jﬂfw da sy Uf.k.?)' 4 axllae Sy Ol5 o 3 e gladilocen 315 S WY bl s S b Q,sﬁk
e Ol geay e S 5 65, Sas oS 55 andllan Olpum ws s BB S5 (o ps SO 0L
JALSUNJJ_U sl e Sluwn (sl b 23S eslaal ey s ol s s Caeglie 6\ﬁﬁi§3)l o slaasl 5l
ol sy laoe gl Sk ol (S (S 58 S 5s Ay o e 4 SES5L e LIS s ¢
Lo s L olS colee 5 Llpe s p o ba g s liiste dlaan B ome b (so5 0 ol dlis ol S
231 e liledd FSlol (S5 i 5l as Ry

(Solelann ol wdiges S s s (0 Sas S8 (e 20l s 1A b3l

14


http://dorl.net/dor/20.1001.1.27170632.1400.14.1.3.0
https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.1.3.0
https://journalofbiosafety.ir/article-1-405-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11 ]

[ DOR: 20.1001.1.27170632.1400.14.1.3.0 ]

"\f" JLG'I Al GJLQ.-: L\f 092 ‘;;:"“".’.J. gf.*‘l‘ dqu"

el AlS wliaoben 5o 1) Ol ciliss
«Jsere sba .(Brewe et al. 2018) 1S =
sl (30 sis FL-cDNA slasiloes ol
OSes sy b odaxm s b cal 0k
.(Boyer and Haenni. 1994) .ilb &slate ool
Glaglol,l s s G FL-cDNA gladiloas

s s——5 cDNA (5| e K

> g, (full length genomic ¢cDNA)
OT 5l esliul U oS el conlis gl g J 18
(cDNA) J—oSe slOlss cigigy Ols o
231 s o555 SLOILT & sy a8
JAK_.:J_L::)'T L Gn vivo) b Ll
Ol OLLS 55, So1 sbml gl Gin vitro)
(Li et al. 2019) 5, S s,
51 gt s, leMbl FL-cDNA (sla&5loas
b msns Sl as 5 285 85 Ol
&:_Sﬂ .(Bhat and Rao. 2020) LS e V.A‘J_'%
o S oIl Ol A8 s s
brome mosaic i 15 01 ¢l oalaas
SV eDNA JolS wlvces ol 51 25 0 virus
(tobbaco mosaic virus) O s s Sulige s 00

S S S Sl s s

sla 5,5 nlw 5 (tomato mosaic virus)

Gl sis, LOT 51 Ll o a8 L M5 aLS

400

Sl —— I3c—— s4e (clones) gladl o
S Lol g slaloes 4 ALS glo s 25
s LA Sl aslial L S a5
Sl s leks el o by S
ALS Gla s ps ks LSS olicssie
(Wang et al. 2021) 45,15 anb Lyl 5 Co
oS cul ol ossie glaslaan 0l Coalo
S aias s OLi 1 Lolgs 0 LG ol
Boyer ) cul oy 5 055 o8 Sledbl g5~

.(and Haenni, 1994
¢DNA |5 «l 5 s are b

! — (full-length ¢cDNA clone: FL-cDNA)

Sl ol Sleslinul b alS gla ey s
el gl sl s 5 el oy S
eslizal 1053 e 53 Ll OlLT Sla s s
g 03 e OIS o nlple o5
g Ceale 4 a5 LS e alde shol,T
ol o eosie bilaws (obdloes
kdes LS s Sladss s (55
oL .(Kobayashi et al. 2007) Llea—s
sons Sess Gob slich e glaalen
(il wle) wlosls 5l losbel e ¢ 25 ¢

sl s 5l ol 4 Caslin o LS Gl


https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.1.3.0
https://journalofbiosafety.ir/article-1-405-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11 ]

[ DOR: 20.1001.1.27170632.1400.14.1.3.0 ]

"@\:5 wuw‘u; BE bg‘;.:}d.ﬁ d\héﬁw aﬁ,\S ;AS}:J‘,S 9 e:‘j“}?ﬁw‘"

aor Sl L Son e sSoe S8 s 5 s
Ol s OF b5 gl
.(Ahlquist et al. 1984) das .
5 G 5L oS she Slens
=1 0o s s Glol) s gla Ssabe
Sl el S s A e B b | 0bLS
e Al LU L s Siale gls 2,
LS on @l s e i 3L By S5 ST
Iyoo sae slaaloss (Brewer et al. 2018)
o3l 1 A0S aie (S5 IS 1 e
B 5 o disloml wlse 5 A0S o oal b 15 S5abe
L o) B ) e s s Sl
SLi| oS ay JUisl plia 53 a5 1) ols i
(Brewer et al. 2018) 4 55 o o 511, Al 0
35 el Sl B o pie glaslan
Lis |5 wls Slsglol,l gls oy s Slidiss
el s Sl olT slap s s
whsolbes o b e Sl glac b
S s L 05 3, Sas (s 25
sme ssban Sl L5 L 250 5 s s
el a8 ol o 55 (S35 sle 6, Juls
o355 5l 130 e JolS eDNA &loas 05y O
Ol ol S e Ly 55 s

4.:.3 92 J‘L"‘:““";’ ng (eI rd 6‘0(62 LS\JCA.:)_LO

Y

AT byl 5 s 1 ediSes ) T (glol T

.(Dawson et al. 1986) »,5 AJ &

Cdgae Sbdiluod Caonl g sl
ALS Gla s i o lal aSg,sboles
Shelans Ly K85 b5 5l et 3o
Slos S las )8 (LS e s sl sie
LY LI L L;ALK —Lbs oy o
ULl (sosld pl  ls s s s ool
S e Bl s s e gla s s aallas
S ol s b Olsue OLalS 53 s sis
LS el 1 ol S T bl
sl _on .(Nagyova and Subr, 2007)
La sy S5 e anlas (sl 130 sie
L S o 5 LT sls i 2 - Shos
St S abar 51 O s iz (gl 5L
Slarns =l oo eeslie Gladl 5 Shes
S laes U )ls Glos i uS 5 5 LS a by
3ns SLAOS Gas sems Ol soa 3 sie
B s AS s Bl el b
e Sl ol bl e Ll e 4 S
Boyer and Haenni, ) Lovs vy s 30
Jel Sl S S il sl (1994

Sl oVl 0ol o2l 3 L s s 5 50 sie


https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.1.3.0
https://journalofbiosafety.ir/article-1-405-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11 ]

[ DOR: 20.1001.1.27170632.1400.14.1.3.0 ]

"\f" JL& Al GJLQ.-: L\f 092 ‘;;:"“".’.J. gf."“‘l‘ d;.u"

e wla s s slm oasis dlasa

RGO IS abj_ﬂ EBISL ‘Q‘Lg.h r)_:j E) d‘;""'

L ol weps Ol icdsae dluod -l
Cade iy 101 5T pgis
ke gl sl Ses JT cDNA (5,53
Sy g e Cte azdy SLOLLT o s s
0" JslS slgml a5 Ll 51 8 515 eslina
S s e 50 el G Gl —
—sns Slress A Gl e,

Y VSC VORI VPSR S PRGN WL PPN

i b el oaiSes JT cDNA glacis 5y,
IT 5l ks ghOl,T LT 51 e 5101 T SP6 (T7
5 CDNA &' slgsil s Lass 5L st
Qian et al. 2017; ) L33 o Jate oy,
5= ¥ |8 slgsl .(Jackson and Li. 2016
L s sl sbl gl pls s il 65,8
slesl s el s cdloa sy s
JS Y Gl b slaciigisy 5 Lol 53 Y
Jackson and Li. 2016; Bordat et) LS e A
.(al. 2012
Slsgl ol alS sl oy s S olsol 5

Sl slacamer Cogon dsene ke

Yy

Sl s 055 SO DU &S e
Sheslin ol 5 ablo o S 50T ol oo
LSl 05 sl pbaosSs Olysa b s
oo gbaalbonsa 51 oslinul 48 e ol
A OLaLS 5o Sl ssse 05 e O sl
Jodo ol Jo e Ol a5 4 e
lie 55 s p 85 et S8 5 S g

)ehf@m:qwﬂjﬁj‘@YQc_b.chuL;b

b s eslial by s 4 e
2 i e L Ol Sl les i
badsse o3BT e sty W5 o
5 e la ki s (Sl (_;LAL;:L_EQ.IJT

.(Brewer et al. 2018) s &5 60

odgin dluod by Sl 295 Elgil
s iy Ly S e s slaailan

So J,x8 Cos eDNA laks 03 5 4S54T
e s L S e A5 e il
3 Pl Copart L s S s
sl il s (ULL‘ slolss slajl s
Gk 51 15 sis FL-cDNA £lices 155 05|
L oS s s p55 250 5 o sSon m $50)
Sl el A0l 5lady (glo s ST

ol gla g, C\jj\ .(Rabindran et al. 2005)


https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.1.3.0
https://journalofbiosafety.ir/article-1-405-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11 ]

[ DOR: 20.1001.1.27170632.1400.14.1.3.0 ]

"@\,5 wuw‘u; BE bg‘;.:}d.ﬁ dus\lw aﬁ,\S ;AS}:J‘,S 9 e:‘j“}?ﬁw‘"

< iy Lsl (Hoenen and Feldmann, 2017)
Sl Gosld e B 53 3 sd e
Jackson ) 3,05 3425 LS ctuSes JT gla s 2
4SS Cul ol ol Cussass (and Li, 2016
(33 deS SIS 5 55 5 D5y (5101T
Mielke-Ehret ) s saiSes )1 5 Jlasl LG
Sl osld ol axw s ((and Muhlbach, 2012
LS e andy 1OT eSS L e e s
ALS Gla sy lr e Sl a2y
i A e axdy 6LOLT slap i3 sl
b g0 (81 LOT 1 ol 5 ol 1583 5l
Pangetal. ) Ll glo o> 3L 4 5L JLs) s
(2019
L 2la w9y pg &l iodgae dluad oo F
!.Ql.se PS5

S Jeeed s sBea Slagl Ol e s s
Sty Jgmeme Hsban o s 55 Al 3T
oa o=l s LS e lees 128U gla s
Sl oy sl Slesle 5 sl
Sloml s s p=) Gt Sl %S
A 3,50 05 23 Sl BT i Gl
.(Abrahamian et al. 2020) s,l> 54>

b o s 55055 51 (ol JUisl sl

Yy

S Ol ddae s g L (quasispecies)
Gl o San (il o Glisl LI Sl I
sk JoalS Slas il aS ail 05y
S bblas L 5 5 sl (a4l
Cdd 4l il jed S > bl el
Sl VL sl L L sl [ e

.(Abrahamian et al. 2020) L5 1o o

L 2ba w929 &l = icdgae dluod clw Y
S Wiz pgi3

I L R RN
ns o e glacand b Lol
s 5l slam s ccilises CDNA cladiloan o
e B BTVIVIS Y ™ I s e
ssban cilihs ladlaens L b Ol olS
0odiSos Il sy S L 3pd Sl Obsjes
s Sl aSsshilas ol sl S
ol plail i w285 L s Gol8 Sl
.(Lee et al. 2012) <.l
L old ey Sl Hodsae dlued clu ¥
o by SOl T pgis

(e axdy gloll e85 b s s Gl
Bunyavirus sd o 5l 1o gde Al o

Gl ol s 5558 Ok sd S e JT


https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.1.3.0
https://journalofbiosafety.ir/article-1-405-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11 ]

[ DOR: 20.1001.1.27170632.1400.14.1.3.0 ]

"\f" JL& Al GJLQ.-: L\f 092 ‘;;:"“".’.J. gf."“‘l‘ d;.u"

s Al e AT Ll 5 s e sie
S0 S sl s Cudsdous ol (Lisd
By sie 10T s LS 5 g 53 go
bl lal) al&elosl byl b 53 s 58,
5 ol (3 Skt CaS 5 S 4 a5 L O
o aS saalas gl T U riy clag,Saws
Nagyova and ) <ol plo> [l v—ijj g
Lol Cs o3V 55 S b 51 (Subr, 2007
So dlysan Lo by, (hd o)l s &
33 da> 5 o3l (MRNA) S glol,]
N I e T
i S e bl byl 5 s s s
SISl Gla iy s 5d e plndl 5B 5 2SL 6 58
e 03Ul T7 sdas 4bay 5 T3 SP6 alax
s sl VL o Shas La 0T 15 5
.(Dunn and Studier, 1983) J,ls bLbe i 45,
e B0 iy Jla) Gl LSl ke
Olgeay .ol ol oslinal wy ny Jis &0
Joes 53 Lads opas sy slas5Ss J
Solwailann fos S Ly e 555 f =
Jobling ) Wleds amstle 5 sl 3T 52 xe
G el 4 b o(et al. 1988; Ahlquist et al. 1984
J,=S Cows s s s 3l S5k 53 FL-cDNA

s Ol gear .ol ool cowls U SUL i

Y¥

Lice 95 PBlu> aS vy ps glols gl
Szl daesle ol 5lcsl hs 0 Ll 2S5
ol 2 Sl S S5 L SO L s e
33 S Jite Al Ol e ) Lassl
Sl Gl e sSLs ST L Siale b

.(Bhat and Rao, 2020) sls JLx! glals

Jome wlol g 13Cd8d0 dilwod Clo S 559
990

Sy gl i sae cDNA flies & W) 5
5 S e 53 55 s s Sol s, e
S 3 ol d s e e sl (IS5
doee ool o cssie badlues el <l
2513 3 5m e S50
g 55U paiy J i85 o5 FL-cDNA cbo .1
(P LST ol pd 53 (i 999))

bl o5 P Gl Gl —
et S S s s DNA (a8 LeT
L SP6 (T7 i) 5L 5 sSU sk shol )l
sl 31 e 53,8 e 15 (T3
Lol 2 s sy STy SO SOLSG
{(Carvalho et al. 2016) ol 5L &Kl
S ste Lol dlaes Cxl 3l Coms 5

Sl il a8 spde msns ps5 SO


https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.1.3.0
https://journalofbiosafety.ir/article-1-405-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11 ]

[ DOR: 20.1001.1.27170632.1400.14.1.3.0 ]

"@\,5 wuw‘u; BE bg‘;.:}d.ﬁ dus\lw aﬁ,\S ;AS}:J‘,S 9 e:‘j“}?ﬁw‘"

o=l o e dad S e, 5 s e el
L ans o5 slaslolol (suls masend
Syt LT s S 5 S e )
S osban 115 e NOS 5LL 03553
oS el sl S G b gl
Dessens and Lomonossoff. ) 1S 5,8, >
(1993
ol JALS Slaloll DS — 8 (e
«carnation mottle virus (Zhang et al. 2002)
plum pox virus (Maiss et al. 1992)
potato virus Y (Fakhfakh et al. 1996)
«citrus tristeza virus (Gowda et al. 2005)
grapevine leaf roll-associated virus 2
sesbania mosaic virus « (Kurth et al. 2012)
potato leaf roll virus 5 (Govind et al. 2012)
LoDy cDNA W) 5 (¢l - (Lee et al. 2011)
LS5 ,3CaMV 358 i, Lo e
Sb eslinal 5,5 ¥ glesl 0 A L IS
33 e 555 Sl eDNA luas Jlasl Wlas
by Gl Ly Ol o 1y nb Lyl
Sy b L &3 Ol g L ST
323 Lol G sl Pl LaS
53 EDNA (g5l la) 555 o s b 130 a0

.,\_"_31)_?9 f}bl 2ol gadane bl b bl s

Yo

potato virus x  turnip crinkle virus
papaya ringspot «(Hemenway et al. 1990)
wvirus (Chiang and Yeh, 1997)
tobacco mosaic virus (Chapman. 2008)
soybean yellow mottle mosaic virus
pepper mottle virus s (Nam et al. 2009)
(Lee et al. 2011)
358 p—i J =5 o FL-cDNA Cslw Y
23 (s28390) (CaMV) ols” J7 <1390 (w9 29
(b Lol

dicsse gladlas cxlo £35 o0
i ps b3S she s s slagslOlT G
= slea, Sy 3 cDNA b Ll o s
CaMV 358 .. & 5k 5l (binary vector)
Ol FL-cDNA L laeslw ¢ g,y ol 55 .ol
$l—= CaMV 358 i, cwsiwl jo 4 S
a0 SLOLLT O Ll 53 s s, g5~
Dessens and ) L3 o 4’ Jsbo a5
JLE o ¥ sl 45 .(Lomonossoff, 1993
s (nos-poly (A): NOS A) A L ke Lo
4 Oslrasls gl (OCS) koo o 95 ol
b Sl b il s s o g
Scholthof et al. ) 555 .o oslizal QWBL.JJTL;.;

358 in oS sy L Ol yan (1992


https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.1.3.0
https://journalofbiosafety.ir/article-1-405-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11 ]

[ DOR: 20.1001.1.27170632.1400.14.1.3.0 ]

"\f" JLG'I Al GJLQ.-: L\f 092 ‘;;:"“".’.J. gf.*‘l‘ dqu"

LoDy Ol S8 4 gl ol slaailaen
aulesl Ll 5s SV b Sl gl ol >
w5yl o3l s G b3l Sl
7ol ol g s el s DI U s e
o=l dlasl la gy s oS als eel
L a3 5d o 1300 50 slaailaces
sy, J sl

03— o sla

Loy Gl s sl S (._.Avu}m

2hlS ialS v aS ul sy an Ol
5K Ky 3 e lasiloas
el Gl e rnb Il 0 o i s, Ll
SEe Sosea Ll e sy 2S5 &S
25 1 OIS (Grimsley et al. 1987) L Laze
s 0l (SOLSG Siabe L ol 0 S
L .y Ssy 1 5(Gal-On et al. 1995)
503 3z s p 5 SLs ST
szl (Slicigas Sdilued 117

Jolse DNA LolS loas 3650 g 5
A0 86 0T LS 5 aS Kls sy i
o Olpea ol o Sk ol)LS
S Ol OLALS do s s T ol 55 5
Shss cdas s LIS e St ysb s
Gl L 0Ly OLLS 3 (nd e sbapts

S50 s b pws s @lLOLLT SIBT L 5 5L

\R4

A S e ST Kl e ST
Slaan S0 LUy s oS ade glol,T
slolul as pladsdn s s 4S5 1300 e
Lot s Lal g g BT S o gh e atla
3L s AT Ll i 3 ey i, Ay
Sl sy Sl eisan ol ol
3ot 3, Shae SO A 5 S gLl glol,]
= YL plhase b Jols Jpb glacisy,
FL- ol ol gn Sl 3L Sl 535 Ll
am ol 6 eS w e s, (nl L cDNA
SN a8 JUT ale auja o slass e
Boyer ) cows 3L Lasl ey &0l 5 (cap)
.(and Haenni, 1994
SLa05 Ole 5 sy 255 Ly, (ol pesdle
Lir oSG 5l Jite 3L A B s s
SOl 5 G s oK ol (S a8
eI slagloll Loy sdioly sla s
s Ladsha 5o o8 @ ;o0 oS anly e
s bbb Sl sl
dle b byl s s ol el S
Slolol vy sdsad 5 Olasply slagloll
33 s faa 5 S e 5l Ol Sl ey
sl i U (native) os sla S5 0 A

.(Van Bokoven et al. 1993) dows iS5 O


https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.1.3.0
https://journalofbiosafety.ir/article-1-405-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11 ]

[ DOR: 20.1001.1.27170632.1400.14.1.3.0 ]

"@\:5 wuw‘u; BE bg‘;.:}d.ﬁ d\héﬁw aﬁ,\S ;AS}:J‘,S 9 e:‘j“}?ﬁw‘"

Sl Sl sy p8 gl sAS 8 sl
Laslesk lolol 5 680 s S oSS
RO N 0 S U PR SUCE g
Lo s ns dmd Glp S 1) dag rsee SO0
A Ll oz ol LS el il ke
diciste dlaen G B A5 gl a8 il
b st On o 2 SlE A 200

Boyer and Haenni, ) J—. » PBli> 4o 4ol
o S gla s S S sbe (1994
i s BB osbe sz 055 07 sl
sy Jods o byl a8 el YT gl
Sl 53 (G Jgeme ssba) A5 25580 50 L S
55 J= sban (S5 0T el sl 0
ol Raw Ol ol 35 00 e 31 L anly Jals
Ol bl ogd jlee il e ouilSa b 5
sberlw (Eggen et al., 1989) ¢l o i
SsoSn slaciss; 07 sl s, Sads
Sosre BOl e 5 g 53,5 5 SolL 6lp
PCR (sl YU OlE b Wl ek 10l g3 .ol
£lean (Contreras et al. 1982) pn (55,0
Slo s GELSTy S dae g ol SKn oIS
L w5l aas (long PCR) 5D 5l ek
PCR J e e JLasl 32 b 51 L 305 5L

bj.éﬂ\_gj,.bnlﬁ)b)w 6\.&5&{[;-)\ ebu.:...u(l_z

Yv

.(Conmmandeur et al. 1991) 5,5 ;1,3 L3,
230l s Sl e A8, DB
oopdly S s glolol LS L sl
Hayes and Buck, ) dw; . 220 U ARE
.(1990

Slalaes LLLS Cus 5 alye
WIS e 1 e sae
Lo lss, e Job @ by oKeal )
Hamilton and ) I3c_ sae sholsl s o5 54
(Baulcombe, 1989
s pde 5l AU slakds gla g 3525 Y
5 ok g4 ol sholt o L;L_Av_i_}.j
Ol 5,5 B o bbb s slaess
RNA ) \/.;)\.,T o anenls 3l aghy \/.;)\.,T oS T
«.—3 5 (dependent RNA Polymerase
Sp w3l S s Olg es S a1 s i
(Ramirez et al. 1995)
e ¥ 507 glenl o Sy gla JIs Y
35755 ons b SAS SIS 5 JIS Olse s
A e L 07 slenl s Sads sl
X sl

oS ol sy ke gla bl bl b
Sl o S sie dleens & 2L ()

46(4_14.5_: 6uu,:..@.> S—2r 9 ng;_\i).;_})&:a_:w


https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.1.3.0
https://journalofbiosafety.ir/article-1-405-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11 ]

[ DOR: 20.1001.1.27170632.1400.14.1.3.0 ]

"\f" JLG'I Al GJLQ.-: L\f 092 ‘;;:"“".’.J. gf.*‘l‘ dqu"

4 4_0‘)\ DL C,._,w‘ Q‘)J‘j Ci)_.w anL_.A )L:_M..f

P A s T Ji——lo !

(agroinoculation/agroinfection)

3l Sl A Sl oy S s ol
Sl L5 el OLS 4 i s, 05 058
Shegrnb Ll a5 edd i oy, Y
ssban o SLs ST 1 pme b sla, S5
o dsb Sl aba oS Ut Gl les S
aihie )5 el iz s ns Sl ke 05
el sk eslizal OLLS 4 ladiandl T-DNA
o 51 eDNA &lues &G L T-DNA oS oKs
WA 55 33 b el s
ol s d a5 gl Lle 5 b )
Sol 5 oanl ;oSS (I Sl ey s Jaxe
ssban iyl e Sl olS 55 (Sl
Lodle 5 W LS, Sab b Jsens
Lol A, tumefaciens slad J— L (S s
.(Abrahamian et al. 2020) s 35 .

s A Gl e S ST L el
ol gl s i SOT glad ST s 550 >
AR o8 (6555 oes s Aol Luteoviridae
I3 3 S S S 3RS

YA

AT s b
Sojle JESl ol p ondoslin! sy mgy g

Ol & ol
OLLS 53 Ll ol dsams Ol 5 T
SIS 5t ) i g Bles 35 ol
3ls 355 Ol Gladshe @ sl o3V ps s
£S5 2Ls Jslw aia o cDNA JUisl s
Ol Gl— s 0 ol Of 53 s 5535
Nagyova and subr, ) ol 5,5, j,:,ak;.:j_é),a
o0 05 JUEl gl el 51 6l (2007
Lr o i 53 (AL Gad e 25 4 LS

.,L:}_.:'Ls_ﬁ Lg.,\.b.@ojﬁjbjb o das ))qu.)

Bhat and Rao, ) e 18 5 oo 05 Wit
Sheslinal Juls 05 adiens JUES) 25, (2020
(5 dsmame JUET Gl S Sl
Lo col,i/biolistic Ol )l ( SSKe Siale
e SEESC SRR SRR
Agrobacterium g :SL ;) s o o5 Jl
Juasl ¢l o gl vy Ol e e tumefaciens
Slolgs 5l —isn a8 558 e eslinal 10163
o e Olgas oS e 55 4 (T-DNA) | 55>
agroinfection (La %y, ol QQJ.L_J)\S WY
Dagless et ) L. biolistic s microinjection

Ll syls (5,8 8l SOlSe Ssabs @l 1997


https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.1.3.0
https://journalofbiosafety.ir/article-1-405-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11 ]

[ DOR: 20.1001.1.27170632.1400.14.1.3.0 ]

"@\:5 wuw‘u; BE bg‘;.:}d.ﬁ d\héﬁw aﬁ,\S ;AS}:J‘,S 9 e:‘j“}?ﬁw‘"

Biolistic .Y

Sals sl slad S 5o biolistic iy, 5o
5 Kpd g ol e SIS S Lo w3 L
Gk 1 elS Glacsl @ it b
Nagyova ) L3 s SGLS 03,08 o s da (55 0
.(and subr. 2007
S Fiuk f

ol sl dseme Hiba SO Ssabe
5 ARl byl s s gl ey,
FL- Slcas 3l by W (sl0l s
S e (s ol 53 3 5b e el cDNA
PRy PR U5 (RO W PP PREH IS
i 5 sbay S & Al Ao e 05l 4S Uy
Ding et al. ) 353 sdseawl glad w505
.(2006
S I 93 S OO9 KN Bl gt Ly
Hedgie luod 4@ Sl y

oo sie gbdlaar 48 ¢l Jyene sba
S e ol ) LS sl s
oolizul 5 ool (,0s Gl s s Slap s
e 3 3ol A bl i, S
e 53 el cmus g slaesle 2S5 6l
Wlanr oL S bt 5y Sl i

e Sl s Conl R OWSis & L g o0

Ya

slapsis L Slal ol e s s s cpl ol
BPEREE I P
o5 Gk s Ll i LS« 515
Sl st e Jime o5 L STL Siale Al
s Ly S ST S5, s L
Ll e ol 5 s S5 alS slaa S
syia S bl gy Caas adais SO Olpew
=9 &l.0l.,T .(Nagyova and Subr. 2007)
slohs 3l b Ll 2 5 0l S 5
Sl S Ol o SUs ST Ja 5 o Jixs
S 5 S 3 s s A )
Forb el 5 LS o g GlLOlT o el
IR Seats S s S0 Sl S
Leiser et al. 1992; ) 555 o olLS .l 5>
(38 ole c s s 445 (Prufer etal. 1995
2 o Ken Ol 585 5 e SL ST a
o o S ST Jsanle S go Oy
Al
Microinjection .Y

v ssbas o) amicroinjection i, o
Js i o iS L OL gy S B 5
LR PRGN S WL SN B
313 3L eds iyl 5 ale Lasd a4 b,

.(Kost et al. 1995)


https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.1.3.0
https://journalofbiosafety.ir/article-1-405-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11 ]

[ DOR: 20.1001.1.27170632.1400.14.1.3.0 ]

"\f" JLG'I Al GJLQ.-: L\f 092 ‘;;:"“".’.J. gf.*‘l‘ dqu"

J=E coli 5315 sasns o555 SW S5
S ALS Glasns Sl cnlply LS
S Las Eocoli j3 1y 535 O3 Wl s
Sheslemwl Ly Sl gl sie dlaws A5
Slazos Sheslinal a5 Slipe o b,
23 e Sl < Olorea oS 51 s O3 5]
Desbiez et al. ) .l La oy 09 sl anlllas
(2012
NP p U S 3 e Sy o 9)
SIS 30 obdiSlu Svo il
Rhizobium 3l oslaul L dod as, S
slicose sladluen W & <l s radiobacter
2 Laol psss as alLS sla s s 3l 0L
o=l s iaesl el s sl el JILLU EL coli
5 Solwaslaan gl - R. radiobacter ;| %3,
3 35 odlinal i sie wilaen JSiable oa
LS o SLb sy Ecolin s gilealaan 4 5L
Blan (ol o o s a5 is, nl o
papaya ringspot .9 33 3l Il glycs e
4 papaya leaf distortion mosaic virus s virus
Sheslitul gl o 250 4 JUs s sl cos
ssbas B coli SIS g5lwailanr s
G o=l e A sl csa L S

rj—',j aJ\_.MSJA) LSLAJ\.:A—.«AM—A ol c‘_}sl_.ﬁ:

oddaslaan Escherichia coli ys cDNA oS
L slakd gla gr an o 45 550 sl
S5 e O ile 48 50 B
GGyl a8 el b SU gl Lol s s
3-S5 W E coli g 2o5500 Lol S
Boyer and ) 555 O, b Sl o Ko s
s see sbailunaa A o ¢l o .(Haenni. 1994
JWSULUE coli j3 oS alS sla sy 3l
Sl s o555 03 Oaal O3l S5 (s
E. 55 ol v oy, ol bals
03 g oliiul 3558 iy g e S 048U ol
(Gao et al. 2012) .ol
T Slaol 5 sluss s s ol L
Wlwar 05,5 Sl Gl LS 555 055
PR CORU | PO PR SCON P TGO PY-r
dile s sl s ilaailaan s s,
(Youssef et al. 2011) oo oS 545 e
Silewailian sLa 5y, 5 Gibson assembly
e ste dlaans SLoge gl 50 in-fusion
5 b Co—on ALS sLs s
Blawid and ) cul sdd slonl a8 bl
o ,iSS gl &Y 5 eme Ll (Nagata. 2015
o=l s 0l .l W E. coli 4 Sl

53t Ol sy o555 S biS By,


https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.1.3.0
https://journalofbiosafety.ir/article-1-405-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11 ]

[ DOR: 20.1001.1.27170632.1400.14.1.3.0 ]

"@\:5 wuw‘u; BE bg‘;.:}d.ﬁ d\héﬁw aﬁ,\S ;AS}:J‘,S 9 e:‘j“}?ﬁw‘"

R. radiobacter > 4515 o O ) To° Ok
I YL LS sl L
03 o3 e ol L R radiobacter
Sl iy Jds 4 cl S A2 L5T Lyl o
Aol olanl aaw o Il a5 gLl g 5L 4e
9 (Gibson et al. 2009) Gibson assembly
&Luwn (Sleight et al. 2010) oL in-fusion
o=l sl eslinal U Slal @ 0l oo 1 1300 5ie
sosle AT byl s 55 5l e i,
2 E coli 3l eslaul sllse 315 5 g3l
o> 3 4 OS5 e R radiobacter | anglis
s i el 3 E. coli 05
CiS o o LS pis E. coli 055 A3
S ool 0T oy JalS clid 5 polanst
Pl 2 p Sl e
Sl s s glicosie sladlasn (B coli
o Jlaml By sl eslinal b i 5 min aLS
Ambros ) L3 » A5 R. radiobacter aauly
(et al. 2011
SLa 928 L L Slp () (Gl Ol
O wihigh
ALS Gl s o e gladloes
Gloaiaes 3 oS slas 28 L age Sl 5l

Sheslanal ks Ko 5 wlidcan; il

bl

Gibson L a8 b3l bl 5 55 s
SNy e JLasl cgla > o S assembly
2> s R radiobacter a 05350 4o 5.0 (g5
$sl> R. radiobacter L 0LalS ials =1
3> (Tuo et al. 2017) c—ul vy, “;j
23 e ste dln oL 6l - Jlaz|
Ssh o 035 jwd> R. radiobacter
e s 5l S S sl )
Dy g0 (S S Lo Eel R, radiobacter
Je5 E.coli &5 &oous R. radiobacter s zSU .Y
51 S 4 (s

=S A b pla,y e85l eslinal (i )
Slan O350 s 4y Sl— — ‘(._i
— 2 S,— E coli 5 ol glio—s e
.(Almazan et al. 2000) ol La o5 5

S e |y e aien ol (el b
L = Eocoli 55 pws s Slap 55 5l 6ol
SHLU oS S sl b ole iS5l eslaza
Aile (g Fedammn sla s Sl ol ply s
[BLE, Al 5 s slwailes

Shesla wl o wlea & eslan il 05wl

— Solwasluan ol o — R. radiobacter
So s a8 ol plis e sae dlicens S5l


https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.1.3.0
https://journalofbiosafety.ir/article-1-405-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11 ]

[ DOR: 20.1001.1.27170632.1400.14.1.3.0 ]

"\f" JLG'I Al GJLQ.-: L\f 092 ‘;;:"“".’.J. gf.*‘l‘ dqu"

Gl S G b 1 oll cedl sl Iz
Gl L pos s 4l B L Lasl 5 6 S sl
Sl o 0 Gd- b ol e (30
Sl sy sles el ol il s s JLEK]
Slo s b oddoms (oS 55 Sl codd pndipe
Tl e Sl S S ey S
S Gl aels S b sl b
o oS Sy das e S8y sl ool
4 e Bl e a8 3505 Ges s JBlSS D5 e
sons Sbesl oo edd il b s SU
e o 5l 5 sbay 5 (Willemsen et al. 2019)
Tepferetal. ) 555 Jd> sla oy g 5 b 4
.2015

Sl pSae 555 50 6255 b JIs 70
B Tl PR CEp S I VRGN | PP | W
bl s s Slaly oK b (ST 51 dmy aia
world health ) Slg> cdlag olosla oS
LS A e sleal ((organization: WHO
L s slem sdSsboml sl ilS 15 Sn Ly
S S adge oS |y (Semf Ll 5l eds Slol
(WHO. 2004) <l osls &1l ccosl ba 248

Jlal 2Ll Gl e e 5 g0l Sl )
et Dl 4 Ol e LS Gl s s e

03 Sl s Sl ge b (ieSen (S5

Yy

b adlas Juls alS olisg len oo Lol
Olpean mdps5 s S8 5 olS= s s
Caglin gl ST 51 i slaael o 5l s
Slon Il Ly ool s ol s
3 2Uls s s LS s i e
sbls 5 Jlaslh 1B e o s sdme 5Lk
S e gl gl il (s 0 Ses
15 o lan 51 er Sl ] LS sl
3 on 3ol (S5 Sl i 5l s 5 ol
Brewer et ) <ol 5V 5les 50 SLIGH 5l L
.(al. 2018
s sl Ol 51 melr ) &
A SIS AlS sla ey s S eslinad gl o
0333155, Cuenl v—“rl-“ Ll C)L.pl Ry
el (S5 slaaeas Sl ol 53 WO
U b oS58 lmsns sles ol 0l
a3l 5l aS milse b L SO s, L
b e 3ol d i gl Sl S
Brewer et al. 2018; Adair ) 1S o 5,5 >
i U S5 s Loy Ly s Cet al 2008
Lo =l sy slap s Ghes
Pasin et al. ) sl Cl_?u.‘ J_SU L Jst s st

Gy e 4 g, ol 315 (2019

u\#gkﬁﬂéu@\ﬁpﬁ S S s


https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.1.3.0
https://journalofbiosafety.ir/article-1-405-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11 ]

[ DOR: 20.1001.1.27170632.1400.14.1.3.0 ]

"@\:5 wuw‘u; BE bg‘;.:}d.ﬁ d\héﬁw aﬁ,\S ;AS}:J‘,S 9 e:‘j“}?ﬁw‘"

3l pobide L5 GUIS s 4 sdd oSl
Gl8 5 esliza Jemsly Olals 5o Slil s s
Federation of American Scientists. ) s,ls |,
GLs s s 5L L sS Llals ziy (2011
Gt B b e s el aLS
Gla s s Sl eslinal L ol Obys 5 s ws s
Jily s, PBlas o gl = oMol
S ke (b bl 5 s B xS
Lyl b s gobw b Sl Gl L ol
DLml 1 8 s sl edid S L

el LT 4l 526

S 5 o

Sl Sy g3 Gledas LgLM;..éJ_.L:Z.

3 PSS e s e Ol glag sl 2l
5 Sl Bl b s s S
Saslin glamal 5 olen S5 oS >
slaJiss Sl o st lad S5 W5 Ge b
RCHUI [P W S WO PR U2 WO SV YU
oy il ol 130l e saalusn
Ao e W) sy 53 Shes Sa s 35
35 bl Sl i 30 pie sl
Lis |y ls Slsglal,l gla ey s Slidss

el s gl Ol T clap sl @S 5

ry

ezl @aladl false 255 B 55 o
SLasl 5l it ol e e gde 5, 6 Ll
GBS s ALS Gla s s GAas b
5o e eslial L gdae HLinl il
s A s sl gbedlaas
alos O s eslaul b Olgeas a5 ol
LIS s (S5 om S Joms 3550
53 =5 e Al SLLI glagsley Jul 5o
31 3 5 st 93bi) Jlazo| Lol ol b3
TR NE SN
Gha il axils Slie coul o5 ol S0
3ol S 55,518 O ams 0015 )3
s el ol e (S5 Ko
Madden and ) 3L axils 5 S Al SGSO
.(Van Den Bosch, 2002; Whitby. 2001
USA) S, ol st VLT (65l J 2SS 0
3 d_..»J (centers for disease control: CDC
A 3 s s e ST Sl "
23,5 yhze ol 5L JuS 4 s L e 4 S
sl Sl 5l = Jols cnd ol o
s g e Js s Lal el alS
S ol Il L e ol 1 alS
molecular ) JsSJge (55,5508 a5 5,05 545

AS sla s s 3l esla_wl L (farming


https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.1.3.0
https://journalofbiosafety.ir/article-1-405-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11 ]

[ DOR: 20.1001.1.27170632.1400.14.1.3.0 ]

"\f" JL&' Al GJLA.-: 5\? 092 ‘;;:"“".’.J. gf."“‘l‘ d;,.c"

slaaw; 5 olas )8 L oS ;06 (515 —hesben o b e Sladss glac s
Lol alS sl golen 53 oode Ciliss S s s sLals 3 Shes  ws s
Sl S ol g o s 5 (Il yere sban oSy W5 b 38 5 s s
sbabay (rlpby s L1501 al56 ke el a8 ol o 55 (S5 sls 6 Jula

s ds 5 b s 4 Ll Lol Sl e 555 3l 1304 se cDNA (g3lutilan 05 O

References é‘?u"“ w}@

Abrahamian P, Hammond RW and Hammeond J. 2020. Plant virus—derived vectors: applications in
agricultural and medical biotechnology. Annual Review of Virology. 7:13.1-13.23.

Adair D, Irwin R. 2008. A practical guide to containment: plant biosafety in research greenhouses.
Blacksburg, VA: Information System for Biotechnology. 2nd Ed.

Ahlquist P, French R, Janda M and Loesch-Fries LS. 1984. Multicomponent RNA plant virus
infection derived from cloned viral cDNA. Proceedings of National Academy of Sciences of the United
States America. 81: 7066 7070.

Ambros S, El-Mohtar C, Ruiz-Ruiz S, Pena L, Guerri J, Dawson W.0, Moreno P. 2011.
Agroinoculation of Citrus tristeza virus causes systemic infection and symptoms in the presumed nonhost
Nicotiana benthamiana. Molecular Plant Microbe Interactions. 24: 1119-1131

Almazan F, Gonzalez J.M, Penzes Z, Izeta A, Calvo E, Plana-Duran J, Enjuanes L. 2000.
Engineering the largest RNA virus genome as an infectious bacterial artificial chromosome. Proceedings
of the National Academy of Sciences the United States of America. 97: 5516-5521.

Baltimore D. 1970. Viral RNA-dependent DNA polymerase: RNA-dependent DNA polymerase in
virions of RNA tumour viruses. Nature. 226: 1209-1211.

Bhat AL, Rao GP. 2020. Characterization of Plant Viruses, Springer Protocols Handbooks, Springer
Science+Business Media, LLC, part of Springer Nature. https://doi.org/10.1007/978-1-0716-0334-5_46.
Blawid R, Nagata T. 2015. Construction of an infectious clone of a plant RNA virus in a binary vector
using one-step Gibson Assembly. Journal of Virological Methods. 222: 11-15.

Bordat A, Houvenaghel MC, German-Retana S. 2015. Gibson assembly: an easy way to clone
potyviral full-length infectious cDNA clones expressing an ectopic VPg. Virology Journal. 12: 89.

Boyer JC, Haenni AL. 1994. Infectious transcripts and cDNA clones of RNA viruses. Virology. 198:
415-426.

Brewer HC, Hird DL, Bailey AM, Seal SE and Foster GD. 2018. A guide to the contained use of plant
virus infectious clones. Plant Biotechnology Journal. 16: pp. 832—843.

Carvalho SL, Nagata T, Junqueira BR, Zanardo LG, Paiva ACS, Carvalho CM. Construction of a
full-length infectious cDNA clone of Cowpea mild mottle virus. Virus Genes. DOI 10.1007/s11262-016-
1395-x.

Chapman SN. 2008. Construction of infectious clones for RNA viruses: TMV. Methods in Molecular
Biology. 451:477-490.

Chiang CH, Yeh SD. 1997. Infectivity assays of in vitro and in vivo transcripts of papaya ring spot virus.
Botanical Bulletin of Academia Sinica. 38:153-163.

Y¥


https://doi.org/10.1007/978-1-0716-0334-5_46
https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.1.3.0
https://journalofbiosafety.ir/article-1-405-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11 ]

[ DOR: 20.1001.1.27170632.1400.14.1.3.0 ]

"L;&\zf wuw;ﬁ; BE bg‘;.:}d.ﬁ dus\lw aﬁ,\S ;AS}:J‘,S 9 e:‘jJ.:ﬁL«m‘"

Commandeur U, Jarausch W, Li Y, Koenig R, Burgermeister W. 1991. cDNAs of beet necrotic
yellow vein virus RNA-3 and RNA-4 are rendered biologically active in a plasmid containing the
cauliflower mosaic virus 35S promoter. Virology. 185: 493-495.

Contreras R, Cheroutre H, Degrave W, Fiers W. 1982. Simple, efficient in vitro synthesis of capped
RNA useful for direst expression of cloned eukaryotic genes. Nucleic Acids Research. 10: 6353-6362.
Dagless EM, Shintaku MH, Nelson RS, Fosterl GD. 1997. A CaMV 35S promoter driven cDNA
clone of tobacco mosaic virus can infect host plant tissue despite being uninfectious when manually
inoculated onto leaves. Archives of Virology. 142: 183-191.

Dawson WO, Beck DL, Knorr DA and Grantham GL. 1986. cDNA cloning of the complete genome
of tobacco mosaic virus and production of infectious transcripts. Proceeding of the National Acadey
Sciences of the United States of America. 83: 1832-1836.

Desbiez C, Chandeysson C, Lecoq H, Moury B. 2012. A simple, rapid and efficient way to obtain
infectious clones of potyviruses. Journal of Virological Methods. 183: 94-97.

Dessens JT, Lomonossoff GP. 1993. Cauliflower mosaic virus 35S promoter controlled DNA copies of
cowpea mosaic virus RNAs are infectious on plants. Journal of General Virology. 74:889—-892.

Ding XS, Schneider WL, Chaluvadi SR, Mian MA, Nelson RS. 2006. Characterization of a Brome
mosaic virus strain and its use as a vector for gene silencing in monocotyledonous hosts. Mol Plant
Microbe Interacteraction. 19:1229-1239.

Dunn JJ, Studier FW. 1983. Complete nucleotide sequence of bacteriophage T7 DNA and the location
of T7 genetic elements. Journal of Molecular Biology. 166: 477-485.

Eggen R, Verver J, Wellink J, De Jong A, Goldbach R, Van Kammen A. 1989. Improvements of the
infectivity of in vitro transcripts from cloned cowpea mosaic virus cDNA: Impact of terminal nucleotide
sequences. Virology. 173: 447-455.

Fakhfakh H, Valaine F, Makni M, Robaglia C. 1996. Cell-free cloning and biolistic inoculation of an
infectious cDNA of potato virus Y. Journal of General Virology. 77: 519-523.

Federation of American Scientists. 2011. Dual-use aspects of plant biotechnology. Available at:
https://fas.org/biosecurity/education/dualuseagriculture/2.-agricultural-biotechnology/dual-use-aspects-of-
plant-biotec hnology.html.

Gal-On A, Meiri E, Huet H, Hua WJ, Raccah B, Gaba V. 1995. Particle bombardment drastically
increases the infectivity of cloned DNA of Zucchini yellow mosaic Potyvirus. Journal of General
Virology. 76: 3223-3227.

Gao R, Tian YP, Wang J, Yin X, Li XD, Valkonen JP. 2012. Construction of an infectious cDNA
clone and gene expression vector of Tobacco vein banding mosaic virus (genus Potyvirus). Virus
Research. 169: 276-281.

Gibson DG, Young L, Chuang RY, Venter JC, Hutchison CA, Smith HO. 2009. Enzymatic assembly
of DNA molecules up to several hundred kilobases. Nature Methods. 6: 343-345.

Grimsley N, Hohn T, Davies JW, Hohn B. 1987. Agrobacterium-mediated delivery of infectious maize
streak virus into maize plants. Nature. 325: 177-179.

Govind K, Makinen K, Savithri HS. 2012. Sesbania mosaic virus (SeMV) infectious clone: possible
mechanism of 30 and 50 end repair and role of polyprotein processing in viral replication. PLoS One.
7(2): €31190.

Gowda S, Satyanarayana T, Robertson CJ, Garnsey SM, Dawson WO. 2005. Infection of citrus
plants with virions generated in Nicotiana benthamiana plants agro-infiltrated with binary vector based
Citrus tristeza virus. In: Hilf ME, Duran-Vila N, Rocha-Pena MA (eds) Proceedings of the 16%
conference of the International Organization of Citrus Virologists. IOCV, Riverside. pp 23-33.

Hamilton WDO, Baulcombe DC. 1989. Infectious RNA produced by in vitro transcription of a full-
length tobacco rattle virus RNA-1 ¢ DNA. Journal of General Virology. 70: 963-968.

Hayes RJ, Buck KW. 1990. Infectious cucumber mosaic virus RNA transcribe in vitro from clones
obtained from cDNA amplified using the polymerase chain reaction. Journal of General Virology. 71:
2503-2508.

Hemenway C, Weiss J, O’Connell K, Tumer NE. 1990. Characterization of infectious transcripts from
a potato virus X cDNA clone. Virology. 175: 365-371.

Yo


https://fas.org/biosecurity/education/dualuseagriculture/2.-agricultural-biotechnology/dual-use-aspects-of-plant-biotec
https://fas.org/biosecurity/education/dualuseagriculture/2.-agricultural-biotechnology/dual-use-aspects-of-plant-biotec
https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.1.3.0
https://journalofbiosafety.ir/article-1-405-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11 ]

[ DOR: 20.1001.1.27170632.1400.14.1.3.0 ]

"\f" JL&' Al GJLA.-: 5\? 092 ‘;;:"“".’.J. gf."“‘l‘ d;,.c"

Hoenen T, Feldmann H. 2017. Reverse genetics systems for filoviruses. Methods Molecular Biology.
1602:159-170.

Jackson AO, Li Z. 2016. Developments in plant negative-strand RNA virus reverse genetics. Annual
Review of Phytopathology. 54: 469-98.

Jobling SA, Cuthbert CM, Rogers SG, Fraley RT, Gehrke L. 1988. In vitro transcription and
translational efficiency of chimeric SP6 messenger RNAs devoid of 5' vector nucleotides. Nucleic Acids
Research. 10: 4483-4498.

Kobayashi T, Antar AA, Boehme KW, Danthi P, Eby EA, Guglielmi KM, Holm GH, Johnson EM,
Maginnis MS, Naik S, Skelton WB, Wetzel JD, Wilson GJ, Chappell JD, Dermody TS . 2007. A
plasmid-based reverse genetics system for animal double-stranded RNA viruses. Cell Host Microbe. 1:
147-157.

Kost B, Galli A, Potrykus I, Neuhaus G. 1995. High-efficiency transient and stable transformation by
optimized DNA microinjection into Nicotiana tabacum protoplasts. Journal of Experimental Botany. 46:
1157-1167.

Kurth EG, Peremyslov VV, Prokhnevsky Al, Kasschau KD, Miller M, Carrington JC, Dolja VV.
2012. Virus-derived gene expression and RNA interference vector for grapevine. Journal of Virology
86:6002—60009.

Lee MY, Song YS, Ryu KH. 2011. Development of infectious transcripts from full length and GFP-
tagged cDNA clones of Pepper mottle virus and stable systemic expression of GFP in tobacco and pepper.
Virus Research. 155: 487—494.

Lee W.S, Hammond-Kosack K.E and Kanyuka K. 2012. Barley stripe mosaic virus-mediated tools for
investigating gene function in cereal plants and their pathogens: virus-induced gene silencing, host-
mediated gene silencing, and virus-mediated overexpression of heterologous protein. Plant Physiology.
160: 582-590.

Leiser RM, Ziegler-Graff V, Reutenauer A, Herrbach E, Lemaire O, Guilley H, Richards K,
Jonard G . 1992. Agroinfection as an alternative to insects for infecting plants with Beet western yellows
luteovirus. Proceedings of the National Academy of Sciences of the United States of America. 89: 9136—
9140.

Li ZN, Jelkmann W, Sun PP, Zhang L. 2019. Construction of full-length infectious cDNA clones of
apple stem grooving virus using Gibson Assembly method. Virus Research doi:
https://doi.org/10.1016/j.virusres.2019.197790.

Madden L.V and Van Den Bosch F. 2002. A population-dynamics approach to assess the threat of plant
pathogens as biological weapons against annual crops. Bioscience. 52.

Maiss E, Timpe U, Brisske-Rode A, Lesemann DE, Casper R. 1992. Infectious in vivo transcripts of a
Plum pox potyvirus full length cDNA clone containing the Cauliflower mosaic virus 35S RNA promoter.
Journal of Geneneral Virology. 73: 709-713.

Mielke-Ehret N, Muhlbach HP. 2012. Emaravirus: a novel genus of multipartite, negative strand RNA
plant viruses. Viruses. 4: 1515-36.

Nagyova A, Subr Z. 2007. Infectious full-length clones of plant viruses and their use for construction of
viral vectors. Acta Virologica. 51: 223-237.

Nam M, Kim SM, Domier LL, Koh S, Moon JK, Choi HS, Kim HG, Moon JS, Lee SH. 2009.
Nucleotide sequence and genome organization of a newly identified member of the genus Carmovirus,
soybean yellow mottle mosaic virus from soybean. Archives of Virology. 154: 1679—1684.

Panga M, Gayrala M, Lylec K, Shiresd MK, Ongd K, Byrneb D, Verchot J. 2019. Infectious DNA
clone technology and inoculation strategy for rose rosette virus that includes all seven segments of the
negative-strand RNA genome. Doi: https://doi.org/10.1101/712000.

Pasin F, Menzel W, Daros JA. 2019. Harnessed viruses in the age of metagenomics and synthetic
biology: an update on infectious clone assembly and biotechnologies of plant viruses. Plant
Biotechnology Journal. 17: 1010-26.

Prufer DC, Wipf-Scheibel C, Richards K, Guilley H, Lecoq H, Jonard G . 1995. Synthesis of a full-
length infectious cDNA clone of cucurbit aphid-borne yellows virus and its use in gene exchange
experiments with structural proteins from other luteoviruses. Virology. 214: 150-158.

Ye


https://doi.org/10.1016/j.virusres.2019.197790
https://doi.org/10.1101/712000
https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.1.3.0
https://journalofbiosafety.ir/article-1-405-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11 ]

[ DOR: 20.1001.1.27170632.1400.14.1.3.0 ]

"L;&\zf wuw;ﬁ; BE bg‘;.:}d.ﬁ dus\lw aﬁ,\S ;AS}:J‘,S 9 e:‘jJ.:ﬁL«m‘"

Qian S, Chen X, Sun K, Zhang Y, Li Z. 2017. Capped antigenomic RNA transcript facilitates rescue of
a plant rhabdovirus. Virology Journal. 14: 113.

Rabindran S, Robertson C, Achor D, German-Retana S, Holt CA and Dawson WO. 2005.
Odontoglossum ringspot virus host range restriction in Nicotiana sylvestris maps to the replicase gene.
Molecular Plant Pathology. 6: 439-447.

Ramirez BC, Garcin D, Calvert LA, Kolakofsky D, Haenni AL. 1995. Capped nonviral sequences at
the 5'-end of the messenger RNAs of Rice Hoja-Blanca virus RNA4. Journal of Virology. 69: 1951-1954.
Scholthof HB, Gowda S, Wu F, Shepherd RJ. 1992. The full-length transcript of a caulimovirus is a
polycistronic mRNA whose genes are transactivated by the product of gene VI. Journal of Virology. 66:
3131-3139.

Sleight SC, Bartley BA, Lieviant JA, Sauro HM. 2010. In-fusion BioBrick assembly and
reengineering. Nucleic Acids Research. 38: 2624-2636.

Tepfer M, Jacquemond M, Garcia-Arenal F. 2015. A critical evaluation of whether recombination in
virus-resistant transgenic plants will lead to the emergence of novel viral diseases. New Phytologist. 207:
536—-41.

Tuo D, Fu L, Shen W, Li X, Zhou P, Yan P. 2017. Generation of stable infectious clones of plant
viruses by using Rhizobium radiobacter for both cloning and inoculation. Virology. 99-103.

Van Bakoven H, Venver J, Wellinck J, Van Kammen A. 1993. Protoplasts transiently expressing the
200K coding sequence of cowpea mosaic virus BRNA support replication of M-RNA. Journal of General
Virology. 74: 2233-2241.

Wang D, Cui L, Zhang L, Ma Z, Niu Y. 2021. Complete genome sequencing and infectious cdna clone
construction of soybean mosaic virus isolated from Shanxi. The Plant PathologyJournal. 37(2): 162-172.
Whitby SM. 2001. The potential use of plant pathogens against crops. Microbes Infect. 3: 73—80.

WHO. 2004. Laboratory Biosafety Manual. 3rd ed., Geneva: WHO. Zarzy nska-Nowak, A., Ferriol,
I. Falk, B.W., Borodynko-Filas, N., Hasi_ow- Jaroszewska, B. (2017) Construction of Agrobacterium
tumefaciensmediated tomato black ring virus infectious cDNA clones. Virus Research. 230:59—-62.
Willemsen A, Swart MP. 2019. on the stability of sequences inserted into viral genomes. Virus
Evolution. 5(2): vez045

Youssef F, Marais A, Faure C, Gentit P, Candresse T. 2011. Strategies to facilitate the development of
uncloned or cloned infectious full-length viral cDNAs: apple chlorotic leaf spot virus as a case study.
Virology Journal. 8: 488.

Zhang AP, Zhu HQ, Yu SQ, Yang L, Lou Y . 2002. Cloning of complete carnation mottle virus cDNA
and its infectivity. Acta Horticulturae. 568(568): 149—154.

Yv


https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.1.3.0
https://journalofbiosafety.ir/article-1-405-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11 ]

[ DOR: 20.1001.1.27170632.1400.14.1.3.0 ]

"\f" JL& Al GJLQ.-: L\f 092 ‘;;:"“".’.J. gf."“‘l‘ d;.u"

Application of Infectious Clones in Plant Virology
Fereshteh Esmaceilzadeh!, Davoud Koolivand?”*

1- Ph.D Student, Department of Plant Protection, Faculty of Agriculture, University of Zanjan, Zanjan,
Iran.
2- Associate Professor, Department of Plant Protection, Faculty of Agriculture, University of Zanjan,
Zanjan, Iran.

koolivand@znu.ac.ir
Abstract

Plant viruses are important because of their threat to produce of crops products and also their
application as research tools in molecular plant pathology and other fields in biotechnology is important.
The most research and achivments in plant pathology depends on ability of plant's viral genomes to
preserve, replicate and modify as infectious clones. The infectious clone is a full-length DNA clone in
which infectious transcripts can be obtained in vitro or in vivo conditions with a suitable promoter.
Infectious clones can be used to study the life cycle of viruses, replicate and express of viral genomes,
understanding of virus-host interaction, functional genomics and germplasm screening as a part of pre-
replication programs for virus resistance. However, the infectious clone of plant viruses may pose a risk
to the environment due to its ability to return to the wild-type mode through recombination. This
scientific review introduces the infectious clone in plant viruses and surveys the advantages and

disadvantages of working with genetically modified plant viruses.
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