[ Downloaded from journal ofbiosafety.ir on 2025-08-02 ]

[ DOR: 20.1001.1.27170632.1401.15.1.2.6 ]

et el e
AR KA JL@J' A GJL@\: N0 092

2l ISSN YWAV_ PY (K55 <U1 ISSN YVA $-4A - F
b le 9 65,0 53 01 b )8 R gy SIS

@20.1001.1.27170632.1401.15.1.2.6 EE 1l lae Cy

Ly s Aorns
Olpl g S 300U s 5 el ol Olasla Ol nl (63,3158 (554 5SS g olKn s 3y skl -
soheilivand@gmail.com
VY /YA u:vﬁ.l.g @)U c\f'\/'V/'q QﬁLi)J @)U

V=P 4o

NS>

ol b o) eletla S35l aand b S 58 ot o S5 0313 13 Jold Wiy 050 S s
o e SIS IS gl m 1 ol Ll e Glaiad 0,5 I g s Sl Gladind 0355 O 5w sladle
a5 B g D e belpe w (Sism s 03 Solige Ol S 0 o8l Bk e 5 551
ol o33y (Sas Sl Ll 15 55 (s adlg 038 S5l 4 iamen 5wl b, Al e 5 Sy sk
(b s 5 S5 ns cmsns S ST PR 55 i dile (g s ST sdaze (slas 1S callis
3 SISl Gl sl 1 ade 5 Gls (s paad 5 s Sl S ole sy OIS W)
0 gmn O 53 53 Gl a0 03 5065 5 Wl slacil (3ltlr Jlg A5 sl Sse (B €1 o
‘VJL.N v_.ﬂv&ipj & Jsls OLSal 5 |8 5 Jem c(cryopreservation) Jesvie (las Lt lim S 5 o5l 93 5L
L aalllan (a3l (gla o 5 i) O Slao bl Slond oy (5SS (S 53 Ll 53 oo
S e NP s 5 Lo 3y sm A5k OLLS U5 5 ol il sl iy s JUS

OJL.V}L.A—S_y QWQ})) C,...\S ‘4'.’.[?. ‘SJJﬁ ‘5.”"\5 d\.&ajb


http://dorl.net/dor/20.1001.1.27170632.1401.15.1.2.6
https://dor.isc.ac/dor/20.1001.1.27170632.1401.15.1.2.6
http://journalofbiosafety.ir/article-1-468-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-02 ]

[ DOR: 20.1001.1.27170632.1401.15.1.2.6 ]

"\f'\ JLG'I A GJLQ.-: NO [PEL) ‘;;:‘vvd..} ‘_;..Q.:‘ dqu"

Vidoy-Mercado ) Lib 58 g0 50 (gladind ks
(et al. 2021

s ilen S0 s 5 ol
Sl 5 Sl bl Li 5o 51 Ol
BSis i e A O Sy 2 Sl S
S5 5 Clsm o On bl OB o5l o
635 Sy SorsS o310l s SLEL J sens
4l g {,.:_m_ij,agfj_: sbdide u= 5 a8 s
ekl pd SO ) Sase ol by o]
s a3l (gl n, e b e
Lol 2 s Vs eme 55l ol glaclsl s
plosil alnd 0555 odd J 28 5 odd Jsdeds
el s sl S bogd s
Sl CULGL Sy ol (s s S5
Clallle @ Odem) Sl b ik 5 S
Dokl s ol gbib e > 5 ele
Solae gy 53 slacamdee i 45 Aas s
Pl b s ey Kb
.(Davoudi Pahnekolayi et al. 2019) .|

3G sy SO b el pl pls
OLALS 51 s ik 53 OT Sl ealizal o 28
23 e o B A S0 SR Sl e 2
Sheslinul 5 ST opl 03 S slas )8 sl

EVYEV-TY

CA——— s o (grafting) 4

S A op wlis SKSS s> (micrografting)
5 S S Dyman ola Shs e
5 olS wy b Bl e O ol s
A g Al 38 - L (n vitro) <iccs 05,5 L
23 et s ol oS b s Sl S
Shes S ssban 8 cl Cllas OLLS ST
53 il el eslin il 5,5lES Rl ol
LoasS by cul i) ghgm o S5 ¢ bl
05 JLasl 5 el ciS Gla eSS ilies
idzse QLS 53 0T 51 H5hs 4 5wl 528
L Lgm 390 oo ealizal ¢ Slaal gl s
o2 e an 015,55 LAS 5o YL Cwld s
5 Solew LS Ogmman olee slols OIS0
e Je el (e Il LS J xS e
ey Gl SO Sl el b SYlaas
L s 18 e 0L, lS 5 Olaescs KoS
Soloms sl 2B G5 3y 250 G b (0L
S r S pdes Sl 5L OIS
33y ady 1 Bl oS glas Ll
S ol adl s Slow | Lol Mol
Lol LB aid 0550 Il 5o 4SSl e sdls


https://dor.isc.ac/dor/20.1001.1.27170632.1401.15.1.2.6
http://journalofbiosafety.ir/article-1-468-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-02 ]

[ DOR: 20.1001.1.27170632.1401.15.1.2.6 ]

Vb w5 $508LaS 5o O sas )8 5 Gl sy SEST e

(929 SLBF9IT s sl oLl
Loy 9536 9 (513919

G s (S o8 5 S
5 S ns (—sns SLA o e
s D SO el lendl 2
(S S Ol Sl 53 Ll e WS 5 J sens
23 s S e S s ealy pak L5 ol
Jx8 5 s e Olaldsl a Db e
(Valat et al. 2003) LT e 4 (¢l

dn vitro k), 5 53 GAS o 2505 Cge
A5 GRS e Cem 5 s orl VL e
Jsmans ot s 3 a5 | ol gLy
I ol olew S35 Jlexs | (slolslS
oslital U glantlas 55 ol iy glaind 05,0
Slo—eMy 523 ¢ 5 53 Sh sy ST )
apple  sstone fruit yellows (ESFY)
slaSaSss 5— b 5l 1, proliferation  (AP)
Jize aals Malus 5 Prunus slaasl 4 cos gl
bl sl JUEI L5 (i ol 53 i S
S 1 Ol gl e e ol e
Jarausch ) WL oo iolspl Ol csdS L Sa )i
(et al. 1999

L GLRAVIIL 3,5 oD cgn sty 3

5 oal oS wile SU3 s oSN 51 2

OLLS 53 (Sign ) S Sva 2ol

e 50 G s, LS Ol s S shiles
OLalS osax 4 anb wlis 5 g555lES
S0 e el eld eslin il g
sl Jdse OlS e b alS laesl Sl
O Jlanl 5 el cis s Ll s Ly csen
(Omar et al. 2018) 5,15 5 ;LS Jslae b
Lile 805 a5 OlS 5o Jke Ol e
Onay et al. 2004; Can ) (Pistacia vera) 4.
(Protea cynaroides) s, ,Ss |S (et al. 2006
(Citrullus lanatus) <)sxa (Wu et al. 2007)
(Olea europea L.) 5= 3 (Zhang et al. 2014)
Prunus dulcis ) r\:k_g (Farahani et al. 2011)
Pyrus ) S (Yildirim et al. 2010) (Mill.
Prunus ) u,o&.S/ (Hassanen. 2013) (communi
Prunus ) ;la (Naddaf et al. 2020) (avium
3,5 (Deogratias et al. 1985) (persica L.
«(Ribeiro et al. 2022) (Juglans regia L.)
5 (Kim et al. 2005) (Vitis vinifera) ;53!
Li et al. ) (Malus domestica Borkh.) .
Db oo oslial Jlae 5 5ba (2016

gote lad 8w i Olipr b oaslsl s
Ll ey Sllllas 5 (g5u5laS 5 STy

e


https://dor.isc.ac/dor/20.1001.1.27170632.1401.15.1.2.6
http://journalofbiosafety.ir/article-1-468-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-02 ]

[ DOR: 20.1001.1.27170632.1401.15.1.2.6 ]

"\f'\ JLG'I A GJLQ.-: NO [PEL) ‘;;:‘vvd..} ‘_;..Q.:‘ dqu"

Solow S Gole Olals” wIgi
Sl 3l ole 5 Bl OLLS W5 ¢l 5 5L
DP et 5 $usES an s 53 el 5l S
Aoy Sew Odens Gl ol LBl s
sleazsls oo Jdw sladly )5 5 5l
oy bl Jds @ gy e gla ) ool
5o atwl g ul el 4 a0 cdete OIS
Gy S Al e s ) Ao 3,505
ol L s Sl gl sl 5 K00
Sl 535 558 e 53 S 15 AL BL S
5 o e Gl glaanls 5 OS5I kS
Lol olalS il s gl s s 1 Jle
il 6l 5158 (S ey S5 Sl eslizal
OLLS W5 Gl Glsm s o5 Sl ol &1
anlad op A S U s pdor e o s 3l 0le
o=l s eslinul Sus s Olpean Lpy LB
b Bl Sy e e el S5
=l S GV e s oS 5 S a0
53 a8l wnw s sl Glapteen 555 5 Sk
Lisn s = Al 5 e e
slagobon 51 &0 L ablis gl 0 dal =
03 sl s lag ey diben (o 5
oS oy Lgs L lsars ate Olos s

r)u.a 9 V.H_w LSLAS-'\—’j:‘i 9 LAA_“:L“: )| oale ol

3heslin ol L ol gl ol Oles e
o=l i S5 LS (LS Wy K
edaliin 5 s 5l ole slbaas b b ooles
s Ol e il S 5o 0T (s
3 Smbgo Olye 3,5 OIS (ol 552
o3 VO-AD LS ol 55 (s dsm i) u—i‘):-?
Pathirana and McKenzie ) ol sl 5,058
.(2005a

Gl S5 GLRAVIIT s s posdhe
ol oslitwl 30 s corky-bark .5 jenelS
J_';Cal_? axdllas ¢l 5 (Tanne et al. 1993) ..
33 ol o= G ln Al a5
Gl ol cﬂl_h.: gy el eslinal e s ¢
Gl GLRAVIIL as s 5,50 53 45 sls oLis
23 s Sols @ S 05 Sols e
Pathirana and ) >33 o0 edys cilie slaaly
.(McKenzie 2005a

< de corky-bark g9 3,50 53 &S > 5o
Solite (il glaasly o v_0)\_0 oseb 0L
e LN 33 0l g5, 0 Jle osba Sl e
03 LA edaliie atin \Y-A 2 AS 5l
ST Sl S e s RIIO ol s o8 s

.(Tanne et al. 1993) L& o> s


https://dor.isc.ac/dor/20.1001.1.27170632.1401.15.1.2.6
http://journalofbiosafety.ir/article-1-468-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-02 ]

[ DOR: 20.1001.1.27170632.1401.15.1.2.6 ]

Vb w5 $508LaS 5o O sas )8 5 Gl sy SEST e

L dss s «Sulgm Sopn glple L Ols o
(Suarez et al. 2005) .5 S (i~
Jlaz=l (il 2aS a8 S gy o3l
S gosba oy bl xin Jl ObLS A
U ST P PR W (VT EPS KU . 4
0351 ol Wy LS 51 0 b ples Ve

30 e gad Ol gea ;A 5 | g

Citrus nobilis Lour * ) kinnow mandarin
olalsS . J 5 sl — (Citrus deliciosa Tenora
Indian citrus ) ICRSV .5, 5 5l g ¢
slaeslasl L glaSus 50 5l «(ringspot virus
Lo ol eslin ul (g% e +/V-) il
4S 4 b ase e RT-PCR 5 15V ola oSS
S sen /Y SW s 51 o= OLalS ele
Lts S st s s 5l ole 5 Wl
L s o 3 Jols DS o s Yo 550
Singh et al. ) L5 4 (.JL.u R g /Y S gy
(2008
Asns 4 o3l OLALS 51 Il OLLS 155k
bl Gl 5y oSO SS 4 (oLs s CEVd
awslis L .(Murashige et al. 1972) el ol
L5 gl S 2 e paside Sllle ol
20 ol SW g (Heb (gl Sl gole OlaLS

u—i‘j’L‘" .L.Zrl.: 64@-:-«\-\-_7.)4“ LSLAJ}_LN 4.:;-\.:)“55:).:

&5 4 dhe ol (Jarausch et al. 1999) LiL
= S ns s s SLaslen 250 3
B S R RP= B I BT IS E IV
el oS asita olS 053 6T JLsl e
45 Pospiviroidae gladss s ¢l o Jlo b
Sledds s Ly s Lsd e 30 4 o
iSO M5 IS 55 4 S Avsunviroidae
B en et JUESI o 5 s
Al ey s 5l s 5 sl e
5 (coconut cadang-cadang viroid) CCCVd
sdd asie «(citrus exocortis viroid) CEVd
G sl s g ansls 13 2T gladisl o &S
.(Bonfiglioli et al. 1996) Ly e J_w B
L0 olgnl o o U Sl eslinal b cpl by
O35 e S gm 5, Ol BSOT 5T il
.(Barba et al. 2003) 5 S )4 (.JL.N olals
Solew Sl sole OLLS W5 )5 Codbge Ol e
LS 5,5 55 a4l u.(._.ﬁ._: S g0 3y 0511 4
o g 9 5\ (Persea americana) 53\S 55
adbie 1 te eV g e Lo /0 (S
esliul OF adsl oS ol jan @ gy o S5
ASBVd Al s 5l sole sl 55,5 a5 A
L s s LA Ly in vilro La o

4S 3,5 Las ia RT-PCR oSG 5l aslin il


https://dor.isc.ac/dor/20.1001.1.27170632.1401.15.1.2.6
http://journalofbiosafety.ir/article-1-468-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-02 ]

[ DOR: 20.1001.1.27170632.1401.15.1.2.6 ]

"\f'\ JLG'I A GJLQ.-: NO [PEL) ‘;;:‘vvd..} ‘_;..Q.:‘ dqu"

i o3l il pdier (i G F A e
LAl i >l sl Ll LS
(plum pox virus) PPV s, s 4y oo
Sl eslanl U Prunus o= slad S
Lansac etal. ) Las L5, 5 JbL e ssm )
(S s S5 31 5y oS 5 (1997
o Joomie gbaaly sl 6l ol Ol s
Pathirana and ) c—ul edd esle ol oy,
.(McKenzie 2005b
5edy padia pslis ool OLLS &+ )3
oslitul pslie OLLS A5 gl 2 (sl Hsba
Gl ool ol 51 Jlie gl Lis 5 s
S o o Ol e OlS e sl s
Volk) 5 S oLl Carrizo 4 Poncirus trifoliata
oslanal (Citrus os) gl 53 pioman (et al. 2015
o (Citrus aurantivrm) s 5 sa slads S 3l
Citrus limonia 5 Citrus linton) u'<‘_”"'
odd 5158 s s 53 4l Ol seas (Osbeck

.(Jajoo. 2010) <.l

SVg 39 &2 5k Sl ogsl ddgi 9 b3
L5 s hsm s S e s 28 51 S
YL g,.@:- C,.w‘ QL:.?-)) uﬂ_}mﬁ?‘b ‘QLAL; b}.«a‘

Ghsm o SES Sl (Al Bald 5 0350 5Ll

5 sl oslaad

o) § 03 Syl 41 p3lio OlLS WS
Loben (2 Blie oo Coslie U e oI

200 Ol Jyans sladssn o b 5l BT L
ol sl SLals s csylie ol .ol
Gk 3l (S S 5 Ll g Olmesls
o= .(King et al. 2008) ! oui sl L
e pslie el olsal o b sl el s
ol 534S 55 e e S slagslen
S Sy Rl Al SGoa sl e Zsl
D A g i s s 5 Vanas a5l a1l
Sy o3l 55 Gl gm s 03 (B e
gl apslie 5 cle Glaaly Sl LY sans
pslie 48 5,8 W5 SLlS 018 o a2l
Jolis 5o dps 53 5 000 S o, les
i sba i s e el 5o
o3l Sl Wamps b o 3l Jomis
st g slacs 55 L abal o) 2
sesls a5 15 Ll b L5k aslie slawly
3 S esliul Lgl 5l o5l OLalS )y o

.(Jarausch et al. 1999)


https://dor.isc.ac/dor/20.1001.1.27170632.1401.15.1.2.6
http://journalofbiosafety.ir/article-1-468-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-02 ]

[ DOR: 20.1001.1.27170632.1401.15.1.2.6 ]

Vb w5 $508LaS 5o O sas )8 5 Gl sy SEST e

b otz Gilwols>

SOl Gl s BI85 e X s
Sl 35 53 o par 4 3L oz OlaLS
o=l b st e slhady ) e 4 Ol laanls oS
Olpean) ) badl Ol e (ol & o
03 3,8 Wee odo slawl g, o (S
o ol i s Jlesl 05 5 Slal w4 plaly
Slaainy dodr gleazalS Vb by L Ol
[ RS N JURS SR I
P 5 ool L 5Ll e in vitro
i ol sy, WS peames 5 Ll
Le j3 a5 ol J 5 5 o8l caws LSl e
(Yildirim et al. 2010) >, rL?L}l in vivo
S ibellpr S Al e oy sSU 5T ok
53 ki sl By il analy i@ oS
slasled =0 dlasl L Ll o S lis )
3 S =l sl Ommen il
von Aderkas and Bonga, ) > 54 oLl (5 ja!
.(2000
ol wesmio Sl Sl o)bgd sl

S 5 sl 53 el slazil sl
ol Jslize OLLS 51 &= o s gl ol
s S gyl Gkl 3 (Sdgy Sa sas

jl_fhkS)l_o_:.:A_zﬂ\JC)l_‘Sja o:bﬂ.ﬁ-;ﬁ_&:;'u

03 b sl Jse e cilie glajles
S dd Ol o ke e A8 ST S
(iS5 3 s pe A slaednS Sl
oI eduly et o (J sl S O e
5 04 Jlad gl s sl s 5 030
dole So Shsmns s al pm I8 S
> .(Hussain et al. 2014) 3534 » & seme -+
So S ol et oS S
ko S (BA) 5T Lyn 1) s e S s
o YA L as culeas 5ol58 Lajles
VY poSle L s g Sl g o> o it
odls Olis | L s u_i\).:_f ol R385 38
.(Naddaf et al. 2020) ..
(Castanea sativa) - i bl ols Ctys 5
Slhas culeds €l STy 0 gl A 55 sl
SV Gdsm i Gk S 0lsS e 055 i
S,S A Jy gdsse Jg e YY) s>
Fernandez-Lorenzo and Crecente-Campo, )
SSUSS Jlse 4 Gl Caddse (2009
S 3 G g A, W e Je O men
ol ssls Koy e 4,8 0T 51 S
L OlsS e 1 Jslse ol 51 ol 15T -
2,5 S50 Sl s Rl it 05,5 g

.(Fraga et al. 2002)


https://dor.isc.ac/dor/20.1001.1.27170632.1401.15.1.2.6
http://journalofbiosafety.ir/article-1-468-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-02 ]

[ DOR: 20.1001.1.27170632.1401.15.1.2.6 ]

"\f'\ JLG'I A GJLQ.-: NO [PEL) ‘;;:‘vvd..} ‘_;..Q.:‘ dqu"

s el sba ey Ul o & e

4 4 S owl (Anacardium occidentale L.)
bl 5 Loy siS oy aLS sl Jsls i
ol ol g O Gl o STl il

.(Mneney and Mantell, 2001)

Yigw (Incompatibility) (556" 5L b 3 5
R G s Il las 28 5 S
o3 sl 5 LS B5LLL 5 8L
Ol s 3 golbws s Lol in vitro b=
S eslial Ly 0155 e ate D53 oy
rl_?a\ 5 el ‘_;ugs,\_;}ﬁ 9 S xle LSL'“-iLs
il o s | el L85l (glgm 5
e Ol bbb a sgdome ey cpl 3 S
Ole) S 53 5 S S glad &G s 5 050
P.vera ) avy S35, 5 i 55 .Sl >l LB
S r P 555 sm o (L. var. Siirt
P. terebinthus P. mutica) ixy 4y J~i
J3s 5 2 (P khinjuk 5 P. atlantica
s Syl S el asl s S L85G

(Can et al. 2006) <!
>3 (Poavium L) IS s 5y o
e g 0 5eS 5 SASEE Wl bk sl

)‘ OLlis aS us sdal i 6.1.:),\.3' e\..\.g):jj.{:ﬁ

oLl s esls 0Ll e slie b o2l
s ol Y b ol o B UBCI S (el
Volk et al. ) Lled i g,154 55 slaSL
(2012

el Bl ol S e ] e S
S = olasl b= 5l oas oo S e
(s o ST S U ol slaaly
@3l gl ol laa S s a8 ol alLlS 2,
by Uy eld damte sl sl
Volk et al. ) 4=S o a2l (deo )3 OF 550>
(2015
o'l (germplasm exchange) e 3 Jobs

oy is b Gble e e DYl o
am Lagobon S5l 0 a8 5018 35y el
3 e sl J sl A Jame s GbLa
La, Kol 51 S oS slse sl s
05 dls Gl il sy ST eslana]
s bslen Gl Gl p OlS b Cilis sbaa S
S 535 ot o adlaie 51 @Il OLALS ) 5
S aw o 5l s S Olss s (ot
JLasl by s 58 o enlinal (g ) wly Olsew
g okias Wy gl w ol Wsw OLALS o
U OLLS ol om0 gl Jlinl Jlaz>!

.(Navarro et al. 1991) 4w, -


https://dor.isc.ac/dor/20.1001.1.27170632.1401.15.1.2.6
http://journalofbiosafety.ir/article-1-468-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-02 ]

[ DOR: 20.1001.1.27170632.1401.15.1.2.6 ]

Vb w5 $508LaS 5o O sas )8 5 Gl sy SEST e

S5 31 18,8 S8 LSl LS ol il
4o 05 JLasl js g, e sl Glso s
LY sl ol eis sdalie 55 o
LAd A g lain s laal 5y » a5
.(Lane et al. 2003)
oL 53 593 ofy Sl (Jokw (= SLBPLY (i p
(long-distance signaling)

Jime ST 5T G sk S as Jske laply
LS Gl plUl e o8 S s b e
L U PN U TNV TGO B U g
pled aS das e |y oLl ol oS 4 Sl
bl pd s ae S 51 bl st
ASls s s ot d s s (G55 s
S ity LaS s ]y lis
o Sl el Sl Ceo B G s )
cailiedd (AAIS il s oman Soline slaely
PTGS: post-) 05 obsals ¢ oljasle  sle S
L;ufkﬁ > s (transcriptional gene silencing
ey Sl addlas 5 (olen 4 Cwylis LW
Inoue et al. ) cul a=lo ool 5 1, olals
OLLS W sm s b Ysene Ollhe 0l (2018
05 sl seen Lo Ul b s 5 sl 5
Sy e C{_?u.\ B-glucuronidase  (GUS)

.(Turnbull et al. 2002)

Amiri ) Cwl e e b b S5, o8 5LL
.(2006
OB S 9 4ds 5 Ogu ol Dbxi
ol A L OS5l s ol s
liaies 4 Sl L S 51 S ol s,
T s sl ls A5 51 g 5 0350 s
Lo by Lsd i slaalo; b ooy Sl
il 5 el el U158 ol et
= OLalS Sl o (SSles (mioeer U3
coSan Jmely it ol sl et
03 el Jlsazy;y ol oy 2 T S
(P. cynaroides) o, S_& oS o3l o iS
iy AT s beyletls St ol K
Sl S ol Lgs L s een 4ol
1 eslitel (S Lss 4 LazalS Jlisl 5 Lis
sl o bolrls Wsn 5 Gl Lo
slaas S 45 .(Wu et al. 2007) el (5,40
Sy eliaiy, i Citrus ool gl il
Ol sla e b Lol L Slos gl <8 5,15
oo s e eslanal R, e Sl
J=do im0 JLaSh anl B ps sl s
SlalsS sl sl Sl Jolge oyl
S el i Bl S sl 5 e Sl )l


https://dor.isc.ac/dor/20.1001.1.27170632.1401.15.1.2.6
http://journalofbiosafety.ir/article-1-468-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-02 ]

[ DOR: 20.1001.1.27170632.1401.15.1.2.6 ]

"\f'\ JLG'I A GJLQ.-: NO [PEL) ‘;;:‘vvd..} ‘_;..Q.:‘ dqu"

SNgw 33 Cuddgn 30 Foo Jolge
Dl s 5y ST Al o Ll 4 LS 0kes
ALS a5 ol 534S el e
Jelse 3y e eslinal Cidie Lwslie sl
s L3 G gy )y Sl e Ol e 53 il

Sy e a4 aslsl s &S

“w e

bl
o e L;LAé.NLé (AL il sbaa S

BEIS L e R R Z L Y S - CY W TR R R o,
sdalie 50 a8 SO il sbac 5 4
o DlS e gt gl Bl el
Sosban Ao Silite Glagal (Gl
Cd go (DS o il gl 55 03 4
Gl ol (55158 Ao y3 0-F s S50 )

.(Murashige et al. 1972)

4k 9 S Ngy o LI 9 ome 4718
Gl Joe 03 Sdisy el 235 513
phe Lol Lo bl el s
Sl 53 s s GAT s s 93 b e
ol e DI 038 S (sl oS el sl
e 53 S gy 0313 1,5 51 3 b pe
5038 55 pliE dsloe 5315 0T (5 e

U (Arabidopsis thaliana) Mj,\ﬁ\j BE

(5LAJ.:_~.A gLZ}Li‘)‘J; nL:§ LS“\—JJ“..’)'.{) )‘ oslarl
Y R 4.3[.3. B ;g.l_z_}.:.l BE) JAJJ; Ju)flﬁ
>3 0545 > (Notaguchi et al. 2009) ..l
O leoeks 0L (Nicotiana attenuate)
Sl 0l a_s)les LSJ—’}’..‘J.J'.{) M__' 5 ja_...u);

33 653 allls s .(Fragoso et al. 2011)

S 53 L DA S P (G s
Y00) L35 DLl 030l 55 S sy b adlS
(et al. 2013
Sdgh (b ol e

S L b S 15 o
05, 5L L Ol jan sl Ll S8 (6 50
03 =SS G0 o=l 1S s S e slse
Sheslinal L olS e st L 0blS s
G e lS O ymman (93150 ol en 4 SN )
9 ol ¢L>_L31 (orizalin) J;\ﬁjj\ 9 (colshicine)
Ll Olye s oS odel Cows 4 (s 4bl i OLLS
o Ldn O L 5 0alS ad s s sl
5 Ask1m oS bl 5 a5 b slas; S
RS T P P W W P P
Aleza ) ol ool Cows 40 Jg s oLS FYOL

(et al. 2009


https://dor.isc.ac/dor/20.1001.1.27170632.1401.15.1.2.6
http://journalofbiosafety.ir/article-1-468-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-02 ]

[ DOR: 20.1001.1.27170632.1401.15.1.2.6 ]

Vb w5 $508LaS 5o O sas )8 5 Gl sy SEST e

Jlie 53 doys o IS s 5 Ve o 3 Ol
SolrS (o Vo) plie g O dals
o=! L .(Rafail and Mosleh, 2010) <ol s
o= 3l esle Wl Po cynaroides oS ;s 55>
Sl Sl g Ol 2 Sold fre 80 s
.(Wu et al. 2007)
5 g 30y 03I
Dl 1 Slesm s ol 31 S5 5y o310
o34l 5L (Suarez et al. 2005) .
23 S ) Std ge Ol 5> SA sy
«(Onay et al. 2004) ay LSl il LS
N 5 (Navarro et al. 1975) &L_S »
33 .Sl sl ; LS 4 (Hassanen. 2013)
Sl g Ol 53 S5l OUS s
Loy o pomls oS Gosda ol ed s S
i o ae=U A s s (Lo s V/A) Citd e
Ceibge o o SYL 5 sl S s
ol o 4 (e shils SWsa 55 (Ao, YV/T)
sdsl cws 4o (leaf-primordia) « sl S — ¢
(— 5> (Navarro et al. 1975) o
o sl /0 5 Ko S o501 515 S s
e S (Ao 53 1Y) (6 a8 C i s S
Sl F s (s AP T/0 5l b bS5

Hassanen. ) Jos g 1,55 o (o5 Av) e

"

ol s Ly o 03 e 8,8 b (b
Sy S Sl Al gdse sl 05 S
JS—i5 (Pathirana and McKenzie 2005b)
Ol 5 Shsm gl gbacsl Jlasl 5 o8
23 adsl s e sl belge 51 SO s Je 52
53 M 55,8 Ole) sl Wisyy b g Ol s
b go Jle gl el oslite Cilises OLALS
slowl LGy A 38 51 G 50 ol 53 (g
Cantos et al. ) 533 o jascis Lg.x.?ﬂ oYl
Ceratonia ) < 3 5 oS 5,4 » ;3 .(1993
ol yatine 654 st Oladlee U (siligua L.
aia g3 b sy wibke s W S LSS S
claassl o adsla plas 5 eus oLl (!
Hsina and ) 13l o S| o ler axia o ST
.(Mtili, 2009
Mg Joxo 00 cogby >

03 Caghb, sl (~<->=‘ g SG SIS Gl
sy B JlS a5 0la U W sy Jos
$l = u_}j_fk_}jf 5140 ;3| .(Hussain et al. 2014)
osban s e eslinal W e Cugb,y L
I e A 2 s, 8T I J sl 5l JLe
sdel sy gl el s el S
e 3 51,81 S lae UG 5ls 0L

o=l el b e Ol 53 (5uls gae SIS0 L ey


https://dor.isc.ac/dor/20.1001.1.27170632.1401.15.1.2.6
http://journalofbiosafety.ir/article-1-468-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-02 ]

[ DOR: 20.1001.1.27170632.1401.15.1.2.6 ]

"\f'\ JLG'I A GJLQ.-: NO [PEL) ‘;;:‘vvd..} ‘_;..Q.:‘ dqu"

FolS iy ol S A8 3l e Wlandl g
O ol st s s Al sy s andls
53k dadsn s a5 ol 3 AL e
BLS S Sy Ly 5 el pyie A gy e

(Aleza et al. 2009) LS o syl IS

b Ll i 4 (6ol
invito lal 5 5 (6AS s ey &S (635 3
GlaazalS ol colg 5o il eld ol
b Bl s el Jame SIS 4 sy
S Jmlie 51 S0l el 58 5L
Eel LLS)KJU.@_M Coe 3 4SS ol Sl
e G aalS 5 (gl Sl
0355 kol 3 51 s oS OBl la s,
S £ CAIS Il 3 S i
C. ) kinnow mandarin LS ;5 .15 ,ls &, - L
(nobilis Lour * C. deliciosa Tenora
A8 5 ey (S s 50 ) ol laazalS
arw s S oY s aS Sley (s 3l azia O-F
los 5o 5 L o Jie S a4 (s 4l
03 ol el VP L s am > YPEY
GO 5 e VL ey 5 5,
YY-10 550 ‘_}Jo 0% 5 ool (Sl e wlﬁf

(Singh et al. 2008) 5,4 » JalS 55,

'Y

Cmd go Jloz| S5 o310 asl581 L2013
a5 ol Olse i )0 Y olo pme ) sk
Lol S s 53 Cid ge Ol e ol s
sladshe a5 Wil ol K15 e 5,5 slaesll
o b e el s Sise (eseslS &Y
Soskiles (Singh et al. 2008) wil Wlas s
S OlalS W Gus S as SIS S
3 b il ol 5l e 5 Il
oslial S 58 slaejlisl Uy slacS i s i
e
< Wigw (necrosis) (b obw § (S g

pde (S gy OAE sl 5 (S g Lol e
Cale oo s e anl 5 Sdosy meme LU
LYo 51 (S sd e Shisy 08 S lel
el 503 51 B e 0T Lo
amet Ly g ed s B Sy S s b
O medle il SWgw 5 0l o B30
53 I el Ll o g Jome OGS sdenS]
Sl st sl 5 S G e Ll
ST 5T 3l g 500 0S| 51 (6 S Sl
Sodium diethyl-) DIECA o— L.
oslazul cysteine  thiourea ((dithiocarbamate

c—lg »s (Hussain et al. 2014) 542


https://dor.isc.ac/dor/20.1001.1.27170632.1401.15.1.2.6
http://journalofbiosafety.ir/article-1-468-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-02 ]

[ DOR: 20.1001.1.27170632.1401.15.1.2.6 ]

Vb w5 $508LaS 5o O sas )8 5 Gl sy SEST e

o=l e et 5 et slas ltli-S g
s ik 3 ol sleslazal (S5 28 las )8
A e OLalS o sas 4 OLLS
s Lol s gl bl 8 05 S g )
AL Dl 2 lesns A1 5 Sl S ol
L ks s a5 5,8 SLb) oo 015 o cnl oLy

VU Co v Al (65,00 e gLl e by

G S dmi

03 e o las S g L

(Wl slals Wl g sl | i sl
| S e LN S S P} B
03 e e 5 SSS PSS slaas sde
e s 53 s 5L (’K*M}j sl

Osde gls e la Ol (s s olalS

slacsl 5Lallpr (adl glagrer 5 4l
d}\&dh&)ﬁ@w‘dkem@lﬁj&aj wj,aol.:.;ﬁ);@\ﬁd}fm;el;;}él{

25l e )| ool Ll Hl«“ 6U=¢-w3’\a,¢)5 & 5 Jom

BN ol sl 5 ol Sl uls OLLS S5

References é‘?u‘“ w,gs

Aleza P, Juarez J, Ollitrault P, Navarro L. 2009. Production of tetraploid plants of non apomictic citrus
genotypes. Plant cell reports. 28: 1837-1846.

Amiri ME. 2006. In vitro techniques to study the shoot-tip grafting of Prunus avium L. (cherry) var.
Seeyahe Mashad. Journal of Food Agriculture and Environment. 4: 151-154.

Barba, M., Ragozzino, E., Navarro, L. 2003. Viroid elimination by thermotherapy and tissue
culture. Viroids. 318-323.

Bonfiglioli RG, Webb DR, Symons RH. 1996. Tissue and intra- cellular distribution of coconut cadang
cadang viroid and citrus exocortis viroid determined by in situ hybridization and confocal laser scanning
and transmission electron microscopy. The Plant Journal. 9: 457-465.

Can C, Ozaslan M, Toremen H, Sarpkaya K, Iskender E. 2006. In vitro micrografting of pistachio,

Pistacia vera L. var. Siirt, on wild pistachio rootstocks. Journal of Cell & Molecular Biology. 5: 25-31.

Cantos M, Ales G, Troncoso A. 1993. Morphological and anatomical aspects of a cleft micrografting of
grape explants in vitro. In International Symposium on Viticulture and Enology. 388: 135-140.

Davoudi Pahnekolayi M, Tehranifar A, Samiei L, Shoor M. 2019. Optimizing culture medium
ingredients and micrografting devices can promote in vitro micrografting of cut roses on different
rootstocks. Plant Cell, Tissue and Organ Culture (PCTOC). 137: 265-274.

'Y


https://dor.isc.ac/dor/20.1001.1.27170632.1401.15.1.2.6
http://journalofbiosafety.ir/article-1-468-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-02 ]

[ DOR: 20.1001.1.27170632.1401.15.1.2.6 ]

"\f'\ JL&' A GJLA.-: NO [PEL) ‘;;:‘vvd.} ‘_;.vé.ﬂ d;,.c"

Deogratias JM, Lutz A, Dosba F. 1985. /n vitro micrografting of shoot tips from juvenile and adult
Prunus avium L. and Prunus persica (L.) Batsch to produce virus-free plants. In XIII International
Symposium on Fruit Tree Virus Diseases. 193: 139-146.

Farahani F, Razeghi S, Peyv M, Attaii S, Mazinani MH. 2011. Micrografting and micropropagation of
olive (Olea europea L.) Iranian cultivar: Zard. African Journal of Plant Science. 5: 671-675.
Fernandez-Lorenzo JL, Crecente-Campo S. 2009. /n vivo serial micrografting of Castanea sativa in
short cycles. In I European Congress on Chestnut-Castanea. 866: 291-296.

Fraga MF, Caiial MJ, Aragonés A, Rodriguez R. 2002. Factors involved in Pinus radiata D. Don.
micrografting. Annals of forest science. 59: 155-161.

Fragoso V, Goddard H, Baldwin IT, Kim SG. 2011. A simple and efficient micrografting method for
stably transformed Nicotiana attenuata plants to examine shoot-root signaling. Plant Methods. 7: 1-8.
Hassanen SA. 2013. /n vitro grafting of pear (Pyrus spp.). World Applied Sciences Journal. 21: 705-709.
Hussain G, Wani MS, Mir MA, Rather ZA, Bhat K. 2014. Micrografting for fruit crop improvement.
African J. Biotec., 13: 2474-2483.

Hsina T, Mtili NE. 2009. /n vitro micrografting of mature carob tree (Ceratonia siliqua L.). The Open
Horticulture Journal. 2: 44-48.

Kim CS, Lee CH, Park HS, Lee GP. 2005. In vitro grafting of grape with phylloxera resistant rootstock
cultivars. Vitis. 44: 195-196.

King SR, Davis AR, Liu W, Levi A. 2008. Grafting for disease resistance. HortScience. 43: 1673-1676.
Inoue K, Araki T, Endo M. 2018. Oscillator networks with tissue-specific circadian clocks in plants.
In Seminars in Cell & Developmental Biology. 83: 78-85.

Jajoo A. 2010. In vitro propagation of Citrus limonia Osbeck through nucellar embryo culture. Curr. Res.
J. Bio. Sci. 2: 6-8.

Jarausch W, Lansac M, Bliot C, Dosba F. 1999. Phytoplasma transmission by in vitro graft inoculation
as a basis for a preliminary screening method for resistance in fruit trees. Plant Pathology. 48: 283-287.
Lane WD, Bhagwat B, Wahlgren S, Armstrong JD. 2003. Apple micrografting protocol to establish
transgenic clones on field ready rootstock. HortTechnology. 13: 641-646.

Lansac M, Chalak L, Cardona B, Sorbier A, Bodin-Ferri M, Dosba F, Labonne G, Quiot L, Quiot
JB. 1997. In vitro inoculation of Prunus species with plum pox potyvirus. In XVII International
Symposium Virus and Virus-Like Diseases of Temperate Fruit Crops. 472: 455-460.

Li BQ, Feng CH, Hu LY, Wang MR, Wang QC. 2016. Shoot tip culture and cryopreservation for
eradication of Apple stem pitting virus (ASPV) and Apple stem grooving virus (ASGV) from apple
rootstocks ‘M9’and ‘M26’. Annals of Applied Biology. 168: 142-150.

Mneney EE, Mantell SH. 2001. /n vitro micrografting of cashew. Plant Cell, Tissue and Organ
Culture. 66: 49-58.

Murashige T. 1972. A technique of shoot tip grafting and its utilization towards recovering virusfree
citrus clones. HortScience. 7: 118-119.

Naddaf M, Ganji Moghadam E, Rabiei G, Mohammadkhani A. 2020. Effect of culture media and
growth regulators on micrografting of some sweet cherry cultivars. Research Achievements for Field and
Horticulture Crops. 9: 67-78. (In Farsi with English abstract).

Notaguchi M, Daimon Y, Abe M, Araki T. 2009. Adaptation of a seedling micro-grafting technique to
the study of long-distance signaling in flowering of Arabidopsis thaliana. Journal of Plant Research. 122:
201-214.

Navarro L, Civerolo EL, Juarez J, Garnsey SM. 1991. Improving therapy methods for citrus

germplasm exchange. In Eleventh Conference of the International Organization of Citrus Virologists.

400-408.

Navarro L, Roistacher C, Murashige T. 1975. Improvement of shoot-tip graftingin vitro for virus-free
citrus. Journal of the American Society for Horticultural Science. 100: 471-479.

Omar AA, Murata MM, El-Shamy HA, Graham JH, Grosser JW. 2018. Enhanced resistance to
citrus canker in transgenic mandarin expressing Xa21 from rice. Transgenic Research. 27: 179-191.

Onay A, Pirin¢ V, Yildirim H, Basaran D. 2004. /n vitro micrografting of mature pistachio (Pistacia
vera var. Siirt). Plant Cell, Tissue and Organ Culture. 77: 215-219.

V¥


https://dor.isc.ac/dor/20.1001.1.27170632.1401.15.1.2.6
http://journalofbiosafety.ir/article-1-468-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-02 ]

[ DOR: 20.1001.1.27170632.1401.15.1.2.6 ]

Vb w5 $508LaS 5o O sas )8 5 Gl sy SEST e

Pathirana R, McKenzie MJ. 2005a. Early detection of grapevine leafroll virus in Vitis vinifera using in
vitro micrografting. Plant Cell, Tissue and Organ Culture. 81: 11-18.

Pathirana R, McKenzie MJ. 2005b. A modified green-grafting technique for large-scale virus indexing
of grapevine (Vitis vinifera L.). Scientia Horticulturae. 107: 97-102.

Rafail ST, Mosleh MS. 2010. Factors involved in micropropagation and shoot tip grafting of apple
(Malus domestica Borkh.) and pear (Pyrus sp. L.). Tropentag," World Food System—A Contribution from
Europe September. 14-16.

Ribeiro H, Ribeiro A, Pires R, Cruz J, Cardoso H, Barroso JM, Peixe A. 2022. Ex Vitro rooting and
simultaneous micrografting of the walnut hybrid rootstock ‘Paradox’ (Juglans hindsi % Juglans regia)
cl.“Vlach’. Agronomy. 12: 595.

Singh B, Sharma S, Rani G, Hallan V, Zaidi AA, Virk GS, Nagpal A. 2008. /n vitro micrografting for
production of Indian citrus ringspot virus (ICRSV)-free plants of kinnow mandarin (Citrus nobilis Lour *
C. deliciosa Tenora). Plant Biotechnology Reports. 2: 137-143.

Suarez IE, Schnell RA, Kuhn DN, Litz RE. 2005. Micrografting of ASBVd-infected avocado (Persea
americana) plants. Plant Cell, Tissue and Organ Culture. 80: 179-185.

Tanne E, Shlamovitz N, Spiegel-Roy P. 1993. Rapidly diagnosing grapevine corky-bark by in vitro
micrografting. HortScience. 28: 667-668.

Turnbull CG, Booker JP, Leyser HO. 2002. Micrografting techniques for testing long- distance
signalling in Arabidopsis. The Plant Journal. 32: 255-262.

Valat L, Burrus M, Fuchs M, Mauro MC. 2003. Review of techniques to inoculate grapevines with
Grapevine fanleaf virus: Lessons and perspectives. American journal of enology and viticulture. 54: 279-
285.

Vidoy-Mercado I, Narviaez I, Palomo-Rios E, Litz RE, Barcelo-Muiioz A, Pliego-Alfaro F. 2021.
Reinvigoration/rejuvenation induced through micrografting of tree species: signaling through graft
union. Plants. 10: 1197.

Vidoy-Mercado I, Imbroda-Solano I, Barcel6-Muiioz A, Viruel MA, Pliego-Alfaro F. 2008. The
influence of in vitro micrografting on vegetative propagation of the olive cultivar 'Arbequina’. In VI
International Symposium on Olive Growing. 949: 31-34.

Volk GM, Bonnart R, Krueger R, Lee R. 2012. Cryopreservation of citrus shoot tips using
micrografting for recovery. CryoLetters. 33: 418-426.

Volk GM, Bonnart R, Shepherd A, Krueger R, Lee R. 2015. Cryopreservation of citrus for long term
conservation. Acta Hort. 1065: 187-192.

von Aderkas P, Bonga JM. 2000. Influencing micropropagation and somatic embryogenesis in mature
trees by manipulation of phase change, stress and culture environment. Tree Physiology. 20: 921-928.
Wu HC, Du Toit ES, Reinhardt CF. 2007. Micrografting of Protea cynaroides. Plant Cell, Tissue and
Organ Culture. 89: 23-28.

Yildirnm H, Onay A, Siizerer V, Tilkat E, Ozden-Tokatli Y, Akdemir H. 2010. Micrografting of
almond (Prunus dulcis Mill.) cultivars “Ferragnes” and “Ferraduel”. Scientia Horticulturae. 125: 361-367.
Yoo SJ, Hong SM, Jung HS, Ahn JH. 2013. The cotyledons produce sufficient FT protein to induce
flowering: evidence from cotyledon micrografting in Arabidopsis. Plant and Cell Physiology. 54: 119-
128.

Zhang N, Zeng HX, Shi XF, Yang YX, Cheng WS, Ren J, Li YH, Li AC, Tang M, Sun YH, Peng
DX. 2014. An efficient in vitro micrografting technology of watermelon. In I International Symposium on
Vegetable Grafting. 1086: 65-70.

\K


https://dor.isc.ac/dor/20.1001.1.27170632.1401.15.1.2.6
http://journalofbiosafety.ir/article-1-468-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-02 ]

[ DOR: 20.1001.1.27170632.1401.15.1.2.6 ]

"\f'\ JL&' A GJLA.-: NO [PEL) ‘;;:‘vvd.} ‘_;.vé.ﬂ d;,.c"

Micrografting and its Applications in Agriculture and Natural
Resources

Saeed Soheilivand

Assistant Professor, Agricultural Biotechnology Research Institute of Iran (ABRII), Agricultural
Research, Education and Extension Organization (AREEO), Karaj, Iran.

soheilivand@gmail.com
Abstract

Micrografting is a grafting technique that involves the placement of a small meristem or section of
shoot-tip onto a decapitated rootstock that has been grown aseptically from in vitro seedlings. In vitro
micrografting provides many benefits to producers in agriculture and natural resources. The success rate
in micrografting can be affected by different factors such as cultivar or genotype, scion length and
rootstock development stage and adaptation of a micrografted seedling in greenhouse conditions. In this
review, various applications of micrografting techniques such as early detection of viral, viroid and
phytoplasma infections, obtaining of grafted disease-free plants free from virus and virus-like disease,
overcoming ecological limits, providing an alternative production technique, rejuvenation of mature
tissue, bypassing the juvenile phase in fruit trees, recovery of cryopreserved shoot tips, allowing a quick
supply of safe germplasm exchange, facilitating the early diagnosis of grafting incompatibilities, saving
rootless shoots and deficient embryos, testing long-distance signalling in plants, productions of
polyploidy plants are discussed.

Keywords: Scion, Rootstock, In vitro, Shoot-tip.
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