[ Downloaded from gebsj.ir on 2025-08-09 ]

[ DOR: 20.1001.1.25885073.1396.6.1.1.3 ]

OPTH ) s ECH S wihigo 39 (59 30

S sl adble 05,8 5o Mediasy 3 seaie

A review on potato genetic engineering researches yet
Maghsoud Pazhouhandeh* Ghazal Karvan and Atefeh-Sadat Razavi
Q‘J._v_‘ 4}_'_}5 ulbu_l.v‘)é“ ‘erw .\:.@..2 AK..’ZJ‘A 46))\5[.&5 S ISESlS 465}))$)§ a‘jjf

Biotechnology Dept. Agriculture Fac. Azarbaijan Shahid Madani University,
Tabriz, IRAN

pazhouhandeh@azaruniv.edu : s ;S oy (L3 J gs oy 5

s 28 e Llas 4 53 OLSG o311 4 (585 5 OIS

Karvan and Razavi contributed equally to this study.

< 9 Solanaceae oalgils 3 UL AL Solanum tuberosom  ode p6 b Jwn cuw
47 ) (wkige DS Sl (5090 Wl b (0 (218 5 (105 pee Ol
A ) o Ayl LaliSe QLS Ll 4 5 D90 OB mud S Jaae ool (595
Gt 4 S Cwglin Sbul e 4 OT i3 9 (L) G (39 S gk 4
Sbnl dgwyng 9 UL 9 (ZIB SlEiPl 4 Cuwd gl Skl () wE 9 ()
Nl ol Wgi (195 SlawsTy Wgi s gl S (g p Wi (DBT gl 38 Cuwglic

g (0 wosd



https://dor.isc.ac/dor/20.1001.1.25885073.1396.6.1.1.3
http://gebsj.ir/article-1-185-en.html

[ Downloaded from gebs.ir on 2025-08-09 ]

[ DOR: 20.1001.1.25885073.1396.6.1.1.3 ]

ul,l&m goRgy

OFSU (o) cmw STl (swdhideo 2 (5390

cﬁi\sﬁdwyow@;j»jaucﬂisij
S 3 5 s 58 53 0 s Shes Lo se 5 ol s
e B Obuldl 5 Olgiol Jus)l Oldes A3l e

s 552 en s oS A5 gl

@l 5 UL Pl 53 Gy SLLS S S ey

225 20k Pl DS 5 Jgane Sledisy O el 035
O S5 mdige 1 A3l o K20 i o585 3,50
AN) Gl o3 g a5 3550 b 5 F255 OLS ple 4 s
4 a5 olS (et al., 1986; Shahin and Simpson 1986
ke b 0T (S35 kel oS ssh e GBI alS
Conslie 3p S Ygme S nl Sl w8l g S5
oS 5 Shes 35 12 5 (AL Sleslen b BT 5w ol S
Sl e J5S a5 2,8 0 Sose S8WS S s
3o sld JialS (Al laslen 5 ST 2aS (e
CoiS Il (g Sl (Bl 5 s Sl
sl o & Sl SISl Sl eslinal Gllse d pams
(Shaji et a. 2005) 555 0 skl L 5 Ll 654l
A fl Slho sspp 5 S & SESS Gl Sl eslind
Sl DLS 5 5 il slagols A5 5o Ll e Sl ol
(SIS g iy LS 1S elid sy ol
Mg M5 S )5STham Olge 4 S 03,8 0B 15 OlalS
Olye Codf ome 5 Lpd a5 )8 @ ol s S 5 Lw
Lo Sl & 0blS ol otd -l JS05 sl
3 O Sl e Lpd e a5 b Sleds)
ol ol sk alie T 3 aen 55l e Ol
L ste Sty s 4l JUEI s 05 ol s s s
Lol jame slasipnsy 5 Ol sladsy 5l eslind
bosls sy Wl s S5 by s sl s
ol Ol Mg s SE) el ole SRS
(SIS s ao e 3 a3y OLS o s Oleils
Ol g 0 olS bl O mman oLlse onils s w0 1) ey
Ss 05 JUEl cr e SUs ST 68U sladlss 3l S
SIS ik 5 2SS e OF osllas o33l blsw b
gz W5 B ol S Sl oyss ¢ i b 235 Skl (il
52 05 Ok g e Gl S ses s b elegn A8
gl 035561 5 OIS bl LS cilie gl Cad

é‘)?}ﬁuﬂ@)ymrl} Lgl.ﬁa.\.c«)‘ aJu.I.w\}J}M

dodfo

JLS a8 Solanum tuberosom .ls el b e
5 5y e i glaisle lls (g 5hl 5 Solanaceae o5 )
S5 S 2 b losed @ Jle s cmlbn il o s L
Sy o (Sl L s it LS LS S S e
S ook olie 5 Ve LIS ol (58 (s S
51 2n=AX=48 &) sns o)) @l) S e S £ 55 NG
s 2L Sl el LSS 5505 S )Y wl sl
Potato Genome Sequencing law s 5 oSS Yo V) Jlo s
(PGSC 2011) . iz Nature ,> Consortium (PGSC)
e Bl 5 e 635 et LK AYY @ 0T 635 o5l
(#2333 Shes Ol D Slio dhws 4 Vieme oo
@05 gl i) sl Sy Ky (Gropd ol e
i) 558 a3 S5y (3 0 Blo) sde ey 3L (53
Slgn (oledS ((S3 o fpo058 2,8) 0 ks JSK3 (o035 4p S
Hijmans and Spooner . si .o (gluaies o e 5 ode 330
(T i Sl i) ool 5l Sl eesaw (2001)
Dt 2y D ol Sl w5l e iy (55 45 o
ol osle s Sage 500 Patatin oo joww (Slo o3 55 5
Loy3 40 B YO Vgane 45 ol il o jmm 53 34240
Caarl 55 cpl 5l (Barrell et al, 2013) das . LS5 1, O
Soo 5 e sl a1 5 el Gl ool ol
3ok (ML n i Sler b ply Yoo A JLe 5550
oo le Bl 5 Sl o3y O SKasn 4y 35 oslses
e lie 35S o 13 eslinad spse g OLLS Lo s O
CEb cls deeds S5 0 gepse el dglida s S
oo QLS sl 5 oesmw mdlps3 OIS sl ALS
e 53 Caslie sl lS 4 05 JEl gledss (goles
Lo gl abaz Sl pllasl amee Ll 4 s e
S oledn gl rmman 5 (e VL los (58 ((SE2)
Lzer oS cpl 55 edd el gledash opege OGS
.(Barrell et a, 2013; Watanabe 2015; Kikuchi et al, 2015)
oo S 0 S A5 gl 28 o rage FAO LT ollas
2 Jsame 5 Ok el 25dm) er S w Ol Lo
Olpl dizes ST 5 ol copl S| crmns,y clan (YT JLo
wlylbl by ol Ol e odiS A5 e e
SUSa 558 V08 0Ll 53 VA0 e s 65sliS sler ol



https://dor.isc.ac/dor/20.1001.1.25885073.1396.6.1.1.3
http://gebsj.ir/article-1-185-en.html

[ Downloaded from gebs.ir on 2025-08-09 ]

[ DOR: 20.1001.1.25885073.1396.6.1.1.3 ]

OFSU (o) o SOl (owdides 2 (5390

u‘)&o& godaRg R

Lo cously ey OLLS o PVY s oy 0 cuslis
(HC- 5 NIb CP (Cl) axkas jlem 51 K50 (6 o0 Bl 03
PVY o gladamdle LB Conslie 5 dd sbl us s cnl 51 PO
L Lol opl (Hezarehetal, 2017) ol ey SlalS -0l 5o
Sied #3 (aian 03 s ns SLSRNA Wy el
sl Gl oo ol S Ols e 5 XS e bl ) o 255
sles o8 eslial 2l 5 ol ObLS el s cuslis
Slp bosar Sadawe 35 ps5 53 ok el
Sl T3 sslse (5 03 5 2l PVX 5 PVY lews s
R 05 dhox 51 el o oslized 0L Lo 55 Canslin sl
5> 35 olew A AY @ Caslie Jolo s s posdle &S
©olS ol S PVY @ cslie les g il g i
S Lk o ae OF 5wt s JSse sla Sl Olpe
S Sl Ry sosiam 53 PVY @ Caslie slgl o age
2 5 Ny 05 S s sl o Coaslie L6 TG L s
o b 4 Hypersensitive ¢ 5 51 Cuslie Coly sonjow
S5 sl SHle 5 55 ais (Watanabe 2015) s, .
s o g o Watanahe ()50 dlie 53 s jam

RS

SLossl o (Sl eeioam S5 gl olen

sl Jelse gl Dlew SlersB AL B
N o N Lo
S ewbige Sloslinal (20 slgsle J 28 gla B )
s o513 oS 55 sl T e 5y (sl Jasl (sl
b s ST ool ik s el OblS & LB
DS J SN N SRUITS ) PER O LSLA("U'.’T SR ERIVEY
Dolew @l B Ad) 5 s BB edilosl I GULIS
2 b ool il sl S s s Slap sl Al
(A sl T e s e 5l e L o 3T L aylie
Gy b o adl s (26 ds cdle
Esfahani et al, 2011; Shirzad ) .S s Jos 15 ley slaai S
B 035l 4 Cslie sbul slaol, 51 S (et dl, 2012
Trichoderma virens ~ ;i SIS 5 skeaS slads 5 eslixad
sdas st 5 CAMVSES iy J 2S5 o 05 cpl il
Agrobacterium ;| eslal L (NOS)  sleew b
03 SR 3,50 0F sl S i e iww 4 tUMEfaciens
5 Ab pasis RT-PCR Lo o Ol 5 as,ls OblS
ol s OblS WS ol OlE il e ey gledss

DA eslial 55 5 s ax g BB STy W5 D se o
a 03 JWEl pss o gl (Ofoghi et . 2012) lesls
5 AGLO (slgw 2l) p s SLs ST 51 eslinad g5 s jioam
& Caslie nptll 03 Kbl 05w sl (LBA4404

e 3 oeales S 4 Cslie 05 ulay plis 3 5 e LS
Blodd Sl S el o Sl Sladad « 555l 5 (gl o 4 ged 55
K55 potige Sletasy el5l 5 o (Barell et dl, 2013)
Olpl 53 4l plowil Slids ST L olS cpl (555 ol ol

Ll (ghatws

s GBS 4 o Canglis sloml 5 b (S5 3 0 -
554 5
Sleles 4 Ol o0 Ol ) 55 oo e Sleobos D
B L;;;b S.L:LM: (S Ly S L;J\-s-aﬂﬁ ¢ Al n_fja
4 ol Caglie sbml e Ll sneiam Slewsns
o2l bkl (S PSS s Gledss b s
Fateri ) ool o35 wald ooioaw 03 Lwsns ool
S Sl s Ol i X 5 2 5 (Rezvani et &, 2016
rg B el sl S Wik mes Sl 4ol L g
Sl wean S olx o 5 5 3l (b5 Sl B xS
ol S s U1 1 S ol s 250 e
YO BV e sy ol alos 4 Jgammn (2alS il 03T s g
G V.:W d)-b = )‘ "L'\jjgf’ V—:W RGO P 4 J:’)‘_}§ Loy
S omsns ol A3k Lad S Simy 5 S8 5 Sl
O‘j@.:ﬁ&c}mgﬁjtuwwjo)&jULA_G&)L
oo B rans ol e e Seslie sbml ol
RNA Qj QL:_’ u..;:}.ﬂl;- M;KA oS Cxilews LSLAJ:'SJJJ"
(Pazhouhandeh et al, 2006, s .l (Silencing)
oS AW DNA ks -1 (gl Bortolamiol et a, 2007)
L PVX s P25 0) 5l axkad G (g Bl Sl
Fateri ) s 8 Jame U ST 035 eiw oS 4 o5 S5 ST
53 PVX 4 cwglie wlin s 5> (Rezvani et a, 2016
s s (Sajadi et d, 2016) i sbl i, ool L 05
S et 03 PLRV g s 4 Canslie sbl sl 5,503
T alﬂf “ o9 L eslaul OIS u;"‘ PO S dl;r..w a)'L.u
Rl 4 et Ceslie Sl OS5 Jime e
sl (sl .(Fateri Rezvani et al, 2012) .sls OLis g s

- VWP bewsl g 5lea /) 0 )lols /5 0590 [ Soms § (o] 9 SuB ) (owiiteo


https://dor.isc.ac/dor/20.1001.1.25885073.1396.6.1.1.3
http://gebsj.ir/article-1-185-en.html

[ Downloaded from gebs.ir on 2025-08-09 ]

[ DOR: 20.1001.1.25885073.1396.6.1.1.3 ]

ul,lS.w goRgy

OFSU (o) cmw STl (swdhideo 2 (5390

Bacillus thuringiensis (Bt) « sl crystal (CRY) .55,
o o8 Bl o3 5 sxhe DUl Sl 4 Caglie el
SOLS @ oS cod L85 sl 55 5 Sl b S0 0
- (Perlak et @, 1993) ol asl JUisl L5 3 s S dha
@ “L?u Cry3A L a5 s www Monsanto s 2
ele 1) (Leptinotarsa decemlineata) sl S S s
o C1y 6l b Jasl 58 b2 1484 JLo ;5 Newleaf
s . (Barrel etd, 2013) coul a3 S &) o sns S 4
oS s slgsl s SIS Olye 4 PEPC iy <o CrylAb
G S oSl Caglis ol 5 sl Sl e S

(Mirrokni et a, 2014) L& e jom Ao

Serine sl avia Ol b vl fossoaw OLLS
s e 4 (laze protease inhibitors (PI: Pinl and Pin2)
Fo s okd LB s L S bl 4 Cslie sl o e
“ls dgasSo s oS5 el oS w4 el) S5 Sl
Turra ol ss Lol 5o (el spyaeb 5 Jole S e (015
.(and Lorito 2011)
3ok 4 Ml dntee Dl i Ol pB))
Sorn Obe ool o el oL SL 5 26 slesles
5 &<l Ralstonia solanacearum (s SU 51 56 L sSL
s 3 esliad bl Jgame x5 BB 5 Shes 3, o
S ol Rl o pslae 05 WSepl 5 S
e (s JolE s s pl s B L S
Ols 53 M5 ofsn « (GRP) S 5l & RNA
5 (STH2) 055k & anals lenton ((SSp a8 ool
R. solanacearum (s sSL 25 4 Jexs 53 5 032 RS (PPR)
EFR o3 Jusl .(Park et al, 2016) 1 ls cIbts owsjm 3
SASL Gl 4 JolS aslie sl el ey stalT 4 Glae
(Boschi et a, 2017) A& oo jom 52
Y pame CES GlaediS 3gdee 5l S 5 e sl e
L, 5 (SaIslk CaolE L L Jpame Lol ) 45 tizs
Ll b ooile 5 Bsd e Jsmamn 5 Shas [2alS Csly O]
Sl b dob o3 polantl ASile psa b s (s
0 S5 eslaad b Oldme 55 0 A5 agza 058l
O Uil 5 Gloawdl 5 ool o 5 i L AT 03) ol S0
sl s 4l 5 OLLS Wledd e Sesjan @
iy ol L Basta ases SCils 4 pslie & S

LySanl 0554 Rln oo gl LB (28 1S ool
SIS IS 05 adlas S s (Esfahani et al, 2011) . ls
Mo s s 4 Penicillium foeniculsum gl ) (GOX)
L ool Obals 8 ol Ol il s JiS0s bt s
L (early Blight) = s 43 (solen 4 (i S 53 deadly
(Sheikh Jabai il e polis Alternaria solani 6 |l

N and Garousi Gh, 2013)

Globodera o Llad 4 Coglie sbwl o gty
Cysteine proteinase 05 oS Ols ouws jm a5l 5 OALS
(Urwin 2001 and i skl & 31 inhibitor (Cystatin)
3,08 &S sl 0L w5 0LS ul s, lidss 2003)
Oll 5 Sk 55 Bla,s Dlasrse 655 Sos 2 0 ]
3 g0 SEu ot Sl S 503 0 05 b bl 3ol
050k pde Sl pode 5 Jo ol 5 e s el (S
(Celis et al, 15 slgiy Jpane DAL 4wl 5 UL
2004)

b3l el 3l eslinal wsey sl 5 QLS W 5 sleal, 51 (S
535 Sl Sy asls s gy QLS 55 &S el o g
s e 50 1 5 0l J S s cl gse 05 K
doz Sl pogee Sl Ssesn OIS b a4 das e pll
3L 5 Oley L3 s bl Hlde a4 Jla 555e O3l 5 OL
o e e 03 (Bl eolantl gle e olS 5 sl
5 skite « (Saedi et al, 2011) Wl sl £lss 5 plebid
Germin-like protein 05 S5, 06 leist « &b
03 5l i Ol s oS 53 e 5l ROSRGLP2)
JEsl gl e SLs S1 5 (B-glucuronidase GUS) i)l 8
Fusarium T8 & Fel 03 me oS A8 eslandd
JUs & a8 sls OLlis Red-Time PCR mb A Jles solani
Sl SRl s U ol D5 Sl (ol
SV cele VY 5l e S5sms (nl Slad D3l N0 Ll
S 55 b mls A3 edalis Fosolani 206 « S0
b e Sl (2B sl Cod OSRGLP2 gy e
.(Munir et al, 2016)

e BT 550 OL5 5 o siege 3 S s

s Ss 5l gl 5 S T L Gl il s s e
(st SOMES SLLL 5 gl 03 s glaeas
e g R



https://dor.isc.ac/dor/20.1001.1.25885073.1396.6.1.1.3
http://gebsj.ir/article-1-185-en.html

[ Downloaded from gebs.ir on 2025-08-09 ]

[ DOR: 20.1001.1.25885073.1396.6.1.1.3 ]

OFSU (o) o SOl (owdides 2 (5390

u‘)&o& godaRg R

ot e K23 P g8 Dl ! Y
s lis a et GlaSs 05,8 G ANNEXINS o3l 5l

L sl 5 S e alilie 5510nS| o2l | oS Aitees oS
o e okl Ll 4 oS e 5 (g5l sen
2305 el S 5 (S 4 fesd SRl Ga Lo gl
b 4s s 2005 STANNL pb 50Ol 05 ¢ o S
MRNA Lisy 55 JLSis Job 55 | Jgame 3 Shas
Olals s ol S Ll s 5 VL e > STANNL 03
Log JuSis 3 e e b 4 36 Job
.(Szalonek et al, 2015)

sk UDP-Glc 4-epimerase 05 oy & b 5l Olais
Sl O0F onl Ashs oS i 5o L (Jsko ol 5 4L
ollS s . UDP-gaactose 4 UDP-glucose  Jius
Gy 3NE (g oy 5 Vb it olie Lol 5
(Huang et a, 2016b) L.l

« Flowering Locus T (FT) 05 Jusl 5 K8 pwtige

Col LS oo pliede oS Glajs, 5o &S pwadnw 5l ed)

FT oledbl 5l estizal b s s i 555 Jal s s ol ol5eds
(Navarro et a, 2011) Ll e Lo o sl slgml s slsede

S s 03,5 F o Olaj 3 0t 5 Al L ST
k_i_l BE) :j'“:tfa o oldl Ls‘j" ‘onf.u Slgj.la:;- o3le
Asparagine o3 Ol Ole RNA Silencing KaS' 4 asllas
J-:-S‘}S C,.C«b aS sl JZ.MS L;':"A)W ol BE b %’ntheta%l
e Ol el LT Ol 28 s 3 5 cpdllad S
.(Chawlaet a, 2012)

AMYB12 05 5l eslazal b glase )| 5 coejww Olidos
caffeoylquinic acids (s )| » Y/Y0 sl el &S Ais S ad 55
gfzj C,.:Ajjé oslo 93 U’l‘ CQ:J Ll L@Jyj)b Lgf")-’ /0 E)
a5 s u:“i‘)’:‘ sl ey o A B u;l.x.:..,S\
P E PR V= SIS RO [ Y W PR
(Lietd, 2016) 5 > YL jla.sl

J\}aobﬁbbw«SW‘gb—Wﬂéﬂjw

ol & oo Slge hols b sk 4 O BB 2 sse
el s Oliisee 513 545 O Cavss ) 3 Cavgy 33 Y g
iy oS SGTL SGT2 ,SGT3 05 aw 5l eslisd |

Obe ool 53 5 55 48050 S e 5 SOb 5o sleile
S sledls L ailiy 5o s ey awelsl s Al 4 s
ilas Slads Jials Eel 3 b 5l Ol 53 K S8
g ase ulpls 5 oedd faad Jgb s s b LedS s
Coils Ol B opl by s s e sslitel seieww OLLS 4
Srple dpame 5 oddi 425 usdicamw 53 o opl elledly
Mamipour and — tas o 4xed p o okiledl, Ll sl

.(Pazhouhandeh 2016)

23 Si G 3l e seas MIRNA I eslinad b Olids
L amiRNA 5l oslizal L T 055 8l ossoam
isel welemw s |, CBP8O/ABHL (5 microRNA
05 |, CBPBO/ABHL Sl (a8 slaw &5 LS i el
Ol 2 b e Dl Sl 3 seS Lyl it 4 e 1) (6 5VL e
L1, amRNA Ol5 e 055 & A ols mbs Goiss
Ui 6555 5 b RNA 5 S glae 3 ol 5 eslinad
35 bl 0L L eslie amlls o OLLS
.(Wyrzykowska et al, 2016)

S erdae 03 Sosd a Caslie sbml Gl i )2
Los ad esliml sl 4 by ASOS3 05
DS 5 Jame oeioam slae Sibe kil o g SUs ST
0 NaCl Ko Vs o Yoo o L N S
(Motamed el oy Sy s5ed 5 (Sl 0355 Sl o
.and Pazhouhandeh 2016; Valikhanlou et a, 2017)

e LS 51 CBF3 05 31 YU sles i a0 ool (6l
aS sl QL:.J @t& RS0 eslail wﬁjw BE) LLSJU MJ\T‘J‘)‘

Rl ol Cel Kl e ;lJ§ ol 4 s o YL Oyl s
5 (PN) jmws ol 5 GOl il S 358 05
S ES A e Al LS 53 sl (60,4
05 0l b i simm OLALS 4 das o 0L s ol o SV
Dou et a, ) tizes Vo &l = ax s Jass 4 430 AICBF3

.(2015

- VWP bewsl g 5lea /) 0 )lols /5 0590 [ Soms § (o] 9 SuB ) (owiiteo


https://dor.isc.ac/dor/20.1001.1.25885073.1396.6.1.1.3
http://gebsj.ir/article-1-185-en.html

[ Downloaded from gebs.ir on 2025-08-09 ]

[ DOR: 20.1001.1.25885073.1396.6.1.1.3 ]

ul,l&m goRgy

OFSU (o) cmw STl (swdhideo 2 (5390

Ll g o S 5,50 spma lavesly oS Ol e elis
Wt o SGSs, Jed 51 Sldl slalisn 5l ol
2l s oSty desb sl easand slamsl S s
)l 5 OlS 2 s 1 els ol Gbls slagesis
Sy, & das e ol Sy gl 55 Wy
5 e ey sbadle Bl 0blS s edd A
Sl CiS Glaras Sl &S wlin GlaSsn b Slala
ol s sl e aslie LB leal vy Sl 5 Sl
o)LUJ G0 P W W ‘Cy}‘ L;Lv\ O Jw J:‘J‘_)§
“3b Bl 5w 3 s se S LS 5 s iy o A
g Eon OLS s S 5 g sl
Shor =Sty Wy

Shesliad UL taes 2005 5 0 Kaass ol Jb s
Olge 4 b oS sbal LS 5 Sk (555w
gl 5 oSty (Ssosn (als Ladil sl A5 L olS
(A58 Sl s ) O3l e sl il Lty
o G 5w b 3 el W65 ST 10A UGG
Lg)\.x.@i.’ LJJ}- C,.C«Lt st\j J\.;.Sj.? )j.}anﬂmﬁkr_l)‘; AL::§ J.\::Lﬁ
Sl ol el asd e ol M5 5 J8 5 Jem 5o 5
S Wlodd sl 13 el Aty 5 05,51 (05 oy pem LSl )
+CD4; +CDB sl sk SuS 4 iml o S sl
(Sharifi AIAgha, dies Jhs (S 5 e sl &5 L5
Wy ogly Jio cils gl 055 el .2009)
A5 S sl ol GlapreSls L5 oo oS 58 SbaSs
Sk a5 ol Gleimsl 4 dal (S| gla St
s o &l Olgr ol o Sler O smnlinnSTs asl 5 (5l > 5
Gl Sl 5o 0L pel gt SO o5 L Sy STy
Cslite Cadbse b S edige LS e Jos 035, 5o &l
Sl Solpl Olge el o8 5 okiy Glagtunw b Gl
ol gl ol S S s b il 0531
Sl A eSS sl KT s sl e el
OiFh 503 Kl &S sase DG SLLS sl

Al o A s sl by Sl

| el gl s osle pl e S o e |y 3 JISU1SIS
St 3 6 i o JES L alie 55 das alS
M Sl ol ol 1 JSUTSUS g 5o 5, 5
Ld esls OLas aml 5 Ol s s cled sl L3

.(Shepherd and etal, 2015)

Sl ol 9 S 55 s n Mg Y

23 330 % 5o S bl Gl LW 5 el Ly s

Ll Sl syl Cud O 5 Ml SRIB -
Ll oS Aol wrns pbatenn Col (:)'Y LS o 3 3da
OB a5l o Clie Cad L 1 s byl
SFUS Glapian 53 L5 e 05 S bl Sl s 13
"o M el e b et e (nlnl 053 Ol
Ol e (p g ool A Sus 2 Gl S Gl
SSF 5K am 03 e Sl Bl (SO S 58 Glapts s e kiS
Bl Ll S 58 Sl n o liS Oly s S AL 0
oS 5 el 5 (S e i L a0l
Some Sl CS S0 5l pan ol Jl s S A5 ay e
Oselile b Slagtoc 5l S35 Glageisn M ¢lr
sl Jsle L) Oty Jske L (B coli asl) g St
S Lt ol Ll S eslinad (ipe Obkesis
Wy Cer 8 Gl gt Al ol i
S o oslizal Oy Gl Bl S S8 gl
el an ¢ wlie Sl oS diysl e s 4 1y alaessl
335 plad OLS Ll ol S 0 Wl el 0Ll 0 3
Sl el Ll LB st ke 5 e ol
Glotsn 45 a5 e ol by (681 Bl b ilS 15 S
ol JKee e bl sl W5 ey olde g S5
U gmme osb a4 ol laes,sl 3 &8 ol Lgatis
ot e gl il bl SLl ek laes sl
Lo SL dows & ipde iU 0Ll s Vsame oS
B L SU |y Daniell et al, 2000) L5 8 La aly ;58
daz 5 Sl ey SNl el g 550 5 sl sl DU
@b Bl s e gl g e S5 Sl e 515 AL
Cramer et <ol o3¥ Ll 5T aher 51 Ll Glagess s Sl
ot S il 3l a5 0LLS (@, 1998)
Sllsbe a5 Wile LSS5 glagetsn eSS Ol b
s 3 (2l b (AMiNi, 2012) LSl e S5 0 5 ol



https://dor.isc.ac/dor/20.1001.1.25885073.1396.6.1.1.3
http://gebsj.ir/article-1-185-en.html

[ Downloaded from gebs.ir on 2025-08-09 ]

[ DOR: 20.1001.1.25885073.1396.6.1.1.3 ]

OFSU (P o Sl (owdideo 2 (53970

u‘)&o& godaRg R

szl 5 LS 53 el Ol Sl slgnsts -V J g
Table 1- Human vaccines expressed in transgenic plants (Daniell et a, 2001).

by ol o Oly Ay REEE N
Sk B .1y 55 (Olh Ecoli s 55 20!

e B -ty 55 Ol Ecoli s 55 !
<3 B .1y 25 Ol Ecoli s 55 !
S b Sy SN (LD B cols s
Sk b (S5 O (OB el s

8 e (s N LN B ols (s

Sk S 05 Ol Shas 5 s ns
S LS 055 (OLil) Sl s ns
SN S osn SS (Ol ol s
S B oion SU (OL) Gl s Sy

T mae a3l edd bl SIS el s
osled a5 olS 4 Cuns HBSAG ol b 5l glis
.(Sunil Kumaraet al, 2006) . 148

S AS g glase 5 swdeaw 5 055 1442 Jle s
(Masonetal, 5 »0bsly s,y Sloys 3l oS 55
o5l 5 5 odae gl o (Calicivirus) s 5 ol 1996)
sl gl 5 Jlgwl oyl Eoly 5 (g 515 2ul8) S5 033,
ol DXL 5 ok plosil (gla gy Sl ey 355 OLL 3
2 o W s G581 e s e 3 Weipe 4 OLaLS
S S oSty b 5 Mg gl SblS sl Ol
.(Mason et al, 1996) Lo Lo 5o

S Sy g Golew S (IB) Sate Soliy ol
S S s Solon (S5 25 r edial 5 OB,
ot kel Slels o olen opl L wlaf e 53 (6
(Bronchitis IBV) jsie 55 3| S1 555 5508 558
on Sosm Ee s Shse 53 01 el 5 4SOl s 53
A5 SL 85 S8 Ol b Sl § o 5 e 285 13
aw 3l e s 25 IBV 1 GU cosie 5 Ais S gsl Bl
IBV 0y Sisae 5l JolS j5b STy e il
Gl iwesme S ez e Ol pl s Sl
Olye a Ll o a8 o Ol 1) S1 1185 SIS oS o)l 5
O3 sl 3550 Sy W5 sl S 58 0581 5l e S
.(Yong Zhou et al, 2003) 5 ,.§

b ol plp 53 ol sl

23 Sl Do a8 Vb esdl A L ST LS 0 5S]

Sy cen Sy Sold a5 A5 Lo b, 528 5l 6ok
L b j‘" djtl':‘ \WVO JJJ}- C k;«;L;.ﬁ (5)&.:.' k;.w‘ &;"ﬁ:..
(SAS e VL gt Gse (ST 58 5 03,5 Sae Oler
Jane Gy O a3l o iS5 ose Sola o)lse
core (gl sl leinl ol o33 bas Sler 5 milig
OLdl ool s oS G o5 St s 5 M 5 g 174
AS.XJJ\)UL;.: d”;"u':)ﬂ LSLQJN‘)JJMJE;AW)WOLSM
(Sharifi AlAgha, <ol sds Ol olS 5 corel74 . zs,
05 5 CB S Dyse Gls e Lo, Ss iy .2009)
sl ede ;4 Jsl sl HBs-Polytope2 o 5 b S
eéjﬂ 9 Jif*“" e QJJS W) eb )‘ J\DJ[S Vj) wﬁ)w
Sole Slasn AS el oy SLy ST L T 058
Ghodsi et al, ) sls oL 1, OF s Olo 5 05 3525 OlS
J)U \VAAP JL.« BE S B CA.QL;A DPIRI U.MSU 92 (2009
o ShL syl Yoo Jl s &S (Papilloma Virus - HPV
Sose o 2 bl Az s 53 G sy (gla STy dha
oSt 4Bl 5 s jcww od& L «S NMRI outbred i3
1w aaMe LB 5 s 4 dis L e HBSAQ
Llasl 5 Olai=s (Rukavtsova et &, 2015) & ba~ (g5l

B ol (b 05 (ST 0k 4 op i (mge ) 03

- YW bl g 5lea /Y 0 )lols /5 0590 [ S § (o] 9 SuB ) (owiiteo


https://dor.isc.ac/dor/20.1001.1.25885073.1396.6.1.1.3
http://gebsj.ir/article-1-185-en.html

[ Downloaded from gebs.ir on 2025-08-09 ]

[ DOR: 20.1001.1.25885073.1396.6.1.1.3 ]

ul,l&m goRgy

OFSU (o) cmw STl (swdhideo 2 (5390

o Ol g3 ek a Ol Ol Cer (Gl
05 3,8 oo 1,3 eslazal 5550 085S 55 ALL sl b 52
s L3 gslulus Ecoli YGO01 s sU 3l ansB T sl i,
OF s e 53 s 8 o Ol 5 Jime oS & il 0z Lilg
wosSte i Sb ol peedenm 500 s el
Glaaio,; o Jie gweimm ado) 4 5 Ee Sgas b
155 bpasks 35 b S 3 s s dald 5 O35
CDNA ;5 (ol sla ST v s ansBo L5 51 ol
Slaai; 53 O s pde 5 ol 5 mse slaety, DNA
5 Salp laady el a0 05 ol JWEl ) (S aals
OS5 n Sl oL sl s MRNA e sy 05l Oy
O3l slaale, Sl (s n gl Joo odd M5 oS58
o 4 S e Sl by s 8 S el

.(Mohamadi et al, 2014) sl> oLis 1ali

Sldshe L C ldsle ol a a0 gladshe 51 &
TS oS Bb o B Ssoe QYSISLL
S e (PTH) Wy 50k 0sep58 OV &5 IS e
b o sieedS Ooo50 oo 0 4 das o S |y ndS
Joo s Sl g OF Gl ot 4 s
2 e Sl gl J e 055 b 5 udIS el
sl adls ol Ope osar a4 Olpaul e S
5 S sl CJld JalS sl )5 Sose 4 G sedS
Oese S 20 O 4 Gossmal) Ol (Ss Obs
Sl (K55 S 55 e selS Js il sz g 5 Sl
Lol ode Vb O as (Andreotti et al, 2006) <ol g
Dyospn Sl s Jla b5 Rl 4 e o3l 5T LS
“Oleys 53 Gldl S fsesn isdS s eer s 2530
ol G sedST 05 s 3 el lis e Dde Sls sla
-granule bound ) el bl polatl jgas 5l eslinal | (hCT)
Sy o4& ;3 38S S 4ey s ¢ (starch synthase | GBSSI
DL JoSse s p A3 Ol o SUs ST adauly b assl 5
QU n s olS & (g0l Codbge 5gla NCT 05 S sl
e Sl 5 e sde S s ol Ol 5wl
23 o313 Ol & Cand NCT s 5 Sl gy L8 W5
(Ofoghi et al. 2012) ol sds alS slacsly abos

My OeSle buyg & il ey e Ses P'“L“‘«ﬁ‘
Sl sl JB 0 Gl o il Sl DsSie e

Vird ) sy Sises Goles S5 F 2
St s 5 3= (gl (hemorrhagic disease VHd
Sl ae Gl ele S Col ol slizel il
5 Sl DS s ey s WAL e 1l Slews s
Ol b i 0SS 5,8 o Sjso Olsm Sl g
Seises s Sobew 2lp 03 S 2 VPBO 55,
s a5 e ol 53 5 ol 25l el
Spesbas bedd el (358 5 A3 0L 35S ses IS
Chblone Sl sen Solen ol 02 JoS sk 4 OLALS ol
(Castanon et al, 1999) ..

S8 s S VPE pEsn Ol 45 Al Olidses
35 A5 el el Do s ol 02 5 s b
g Glp Klg e OLLS 3 i ol Sose pl 3 &S
Sbos gl W5 Lvpe s, Al dde cackld O
S e ol 3wl Sl 5 Ol s 05 sl il
05,5 0551 M5 (51,2 35S Ssesn J S o VPB s
s A esls JUsl wdeew 4 (GAR) assls, A
oo obas L Slis =i o,e o BLAB/C
o A S|y FREUND ol yon 150 b o b e a5l 5
M Ot 5 1Yl 55 vp6 s b ol el Bl g 057
osliiul e i3 O e agd (Sl s n Olpe 4 g ol Ol
.(Matsumura et al, 2002) ..

S FP oS n s
23 380 4 Sa0 el Sl Glp Lol 5y el sl s
Slals sl cul Coed Ypoms Oz 5 A3l Rl I
S Aol ann g plagtons Sl 3V S e 3o | el
G oLl s ceale Cwd L s slagsls Al
Slapinem 3 Kl 05 S a3l 51 s 3 o
o33b op e b el ot plple 0pd O SSUS
Sheslial il S50 Sl S5 S M
S5 Gt n Ol pteew Olge 4 iuyls LS
Sledss Sl Sl B S 15 ar g s sl (psl
A Sl sk 4 6T Gles Jsl (oS 58 lapeSsn My
JUEl sledgy 5 eslnal b Ll sha cpl 51 gm0 s 3l
2 s 20 LBl Al A Sl cas 5 o)
S Sl Ll Olays 5 ileals ((Si g (wio

st Jle 03 S s sled 4 e a0l LSU‘(H)JT



https://dor.isc.ac/dor/20.1001.1.25885073.1396.6.1.1.3
http://gebsj.ir/article-1-185-en.html

[ Downloaded from gebs.ir on 2025-08-09 ]

[ DOR: 20.1001.1.25885073.1396.6.1.1.3 ]

OFSU (o) o SOl (owdides 2 (5390

u‘)&o& godaRg R

VooSHalesl W5 Gl Jb e S i kS
.(Park and Cheong, 2002) ..l

S Sl gl o pate 5 shnd S (Casein) 55
(S Jale 5 5 Shhpt S5l bl ) L1 mlo s
Shdass A Sanp agls 58 (Shn s fames
5l G Sl ey s BB el 2 sse s
A el s oS > 0Ll S B-casein (5 Ol
i S L b sl 5l Ao o G s s
Sl gl s aly basl ol g 8B gl cou )l 5
G sk 4 S8 i K gl Ol s Ol s
Chong et @, ) i8S o O35S 53 039, 5 sdne slgsle S
.(1997

W) 0558 ol b 5 o2 Lewdly ol e85 5]
Ok Oy o Lol aaly 5 b 5 S
Ly (bl alar3) Jis ol Glas)ls 5 (S50
Dy A Speml L e O ol 5 Shee 353 0
S e i ads v S5 S b e sl e ol
Rl 9 Al Lo 5 oS e ey S S
SIS 10 5 s sl ¢ b MRNA Ll
VoS Al 5 3508 558t Ll s ol bl g
Sl o eIl EDNA 0Ly S o e 1 e sl A5
patatin B33 i ses,; J 28 o s OIS 5o (HSA)
sla JIs 5l eslazal L 5 Proteinase inhibitor 11 slee 5
23Ul S S5 peasdl Al plnil Sl elasl IS
S5 e sSan Jolee S 51 dens pas 53 U edd
b S5 s 4 o Ol Jole 0500 oKl e
Glp csoste ul 5l ca S 13 Gus codlpl s S g
Cxo 53 4o sy S Kos glanss, Mg
Inmaet al, ) spd o o3l Goeiam okE L3 2o
.(2002

Sl 55 LB S g 4 45 S e sslinal Lasle Koo b ails
LI 5 (sl g 5 0 b Sl g ,Sos K (51 Koo
D g LS R L
gaS ol NS 5 0l asbe eyl glacaedls Chas s
(s Sl JBs Lk elizd W45 4 Ol g
Lo Jgb @ OU pl 5l and; K ool DY 20 S
S ol Ll Al O35 0 S O Sl S (el 0 S
Lpd o)l Sl 05k &S cl GBS 4 ol s ol
OS5l anily SlesS s Jsb ol Ll Wlg e
3l el pSe il & (IS ool 5 gl
355 S Sl Al b amio lacaals Ll oS el
o Sk 3 a8 J s dmes Oode (6 ey SU les
213 Caslie KI5 e O pSe iyl Lol (ol dmy
A ol w5 LS b i VL 4 YT LY
Spiderdragline ) = 5o oy ol A 55 Ga L Ol 0y
sl plouil (5l kb se b3l 055 5 e saw 53 @K
SAsle Uls L s BB SO ol il
Cos 0 sSae Slaly palie 3 Klg el e 45 la]
JB e Ll o oS a1 5 Geeiem 5 05 5 )2l Ll
LS oLy |, Nephila clavipes dragline proteins ;| ¢ &
O S S S 5SS 05 e S S A
e 4 Ll Ol Ll s Cald s ey Je LA
b San e 0 SSs el slagEan
Scheller ) 55 /Y 350> wssonm 5 055 (ER) Londl 5T

.(etd, 2001

S Sl O e SlapS Hml 51 S Y S SR

ol o A Slagal 5o s apd e md S ke gd S
oS SeS T o std gladshe Sl 5o Sl sl A8
B sbcawsid T constd sbdshe 55 0580 =35
el ge S, 3 S 5 it s anb diiS g
St S My s pled Sl ol 3858 0 5L
YooSam)l Wy o b Lhags YooY Jlays ol T
Y oS Al 05 il s oS 5o Sl S S5
& (PAAIN 5 gn5 ) (gon s 2l Fsms 5 So S L
Y oS sl ediS A g a5 OLLS Ll JWesl e oo
Slls lazis 55 e U Ol gla ey S s W5 Sl
48 5ls 0L s g (o8 8 53 Al 110) lad o 5L

- VWP bewsl g 5lea /) 0 )lols /5 0590 [ Soms § (o] 9 SuB ) (owiiteo


https://dor.isc.ac/dor/20.1001.1.25885073.1396.6.1.1.3
http://gebsj.ir/article-1-185-en.html

[ Downloaded from gebs.ir on 2025-08-09 ]

[ DOR: 20.1001.1.25885073.1396.6.1.1.3 ]

O U (P ) o S (w0 1 (5950 Ol en g ouipg

(Watanabe 2015; Kikuchi et al, 2015) wsj o 535 W3 53 485 &g ope 58505 Sliiow plo =Y g

Table 2. Other important biotechnological researches performed on potato in the world.

Researches References
Drought resistance by over expression of potato anti-FDA Ambard-Bretteville et al. 2003
Drought resistance by expression of Arabidopsis YUCCAG Kimetal. 2013
Drought resistance by expression of yeast TPSL Kondrak et al. 2011; 2012; Stiller et al. 2008
Drought resistance by expression of spinach BADH Zhang et al. 2011
Drought resistance by expression of Rhizobacterium codA Ahmad et al. 2008; Cheng et al. 2013
Drought resistance by expression of Rhizobacterium GgpPS Sieverset al. 2013
Drought resistance by over expression of potato PR-10a El-Bannaet d. 2010
Drought resistance by expression of Globe artichoke SST+FFT Knipp and Honermeier 2006
Drought resistance by expression of hot pepper bZIP-like TF Moon et d. 2015
Drought Tolerance by expression of potato Annexin STANN1 Szalonek et a. 2015
Salinity resistance by expression of Barley NHX2 Bayat et al. 2010
Salinity resistance by expression of Arabidopsis NHX1 Wang et al. 2010
Salinity resistance by expression of Arabidopsis P5CS Hmida-Sayaria et al. 2005
Salinity resistance by expression of Oyster mushroom GDP Jeong et al. 2001
Salinity resistance by expression of E. coli mtID Rahnama et al. 2011
Cold resistance by expression of anti-freezing protein (AFP) Waliset a. 1997
Cold resistance by expression of Cyanobacterium A12 Amiri et a. 2010; Demin et al. 2008; Amiri et al. 2007
Cold resistance by expression of Wild potato w9 De Padmaet a. 2008
Cold resistance by expression of Y east INVase Deryabin et a. 2003
Reduction of ROS by expression of Strowberry GalURase Hemavathi et a. 2011; Upadhyaya et al. 2011;

Venkatesh et al. 2012

Reduction of ROS by expression of Cassava SOD + Pea APX + Arabidopsis Kimet al. 2010; Tang et al. 2006; 2008
NDPK2

Reduction of ROS by expression of Arabidopsis 2-cys Prx Kimet a. 2011

Reduction of ROS by expression of Himalayan cinquefoil SOD Pal et d. 2013

Reduction of ROS by expression of SOD/DHN4/DREBL/ROB5 /APX/codA  Waterer et al. 2010; Ahmad et a. 2010

Reduction of ROS by expression of Rat GLOase Hemavathi et a. 2010

Reduction of ROS by over-expression of Potato anti-MSP Gururani et a. 2012; 2013

Reduction of ROS by expression of Arabidopsis GR1 Eltayeb et a. 2010

Reduction of ROS by expression of Arabidopsis DHAR1 Eltayeb et a. 2011

Heat resistance by expressing Arabidopsis an also wild potato CBF1 Pino et a. 2007; 2008; 2013; Carvalo et a. 2011;
Dou et al.2015

Transgenic potato over-expressing potato EREBP1 Leeet d. 2007

Transgenic potato expressing Pepper PF1 Youm et a. 2008

Salinity resistance by expressing potato MYB1R-1and sweet potato IbMYB1  Shinet a. 2011; Cheng et al. 2013

Transgenic potato expressing Arabidopsis DREB1A Behnam et a. 2006; Celebi-Toprak et a. 2005;
Behnam et a. 2007; Huynh et al. 2014

Transgenic potato expressing DREB1 and DREB2 Bouaziz et al. 2012; 2013

Transgenic Potato alpha-amylase gene Gausing K, Kreiberg JD, 1992

Lepidopteron insect-resistant transgenic potato plants Sticklen MB and Cheng J, 2000

Gene Ryadg conferring extreme PVY resistance in potato Furusawa IK, Watanabe KK, 2000

Gene promoters isolated from potato and use thereof Dai Z, Hooker BS, Shi L, 2002

Novel Meloidogyne-resistance gene and utilization thereof Watanabe K, Watanabe J, 2003

Transgenic potato which generates starch with modified viscosity and Kossmann J, Lorberth R, 2011
phosphate characteristics; for enhancing quality of paper, cardboard,
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Researches

References

adhesive, textile, plaster, concrete, fertilizer, medicine, and toothpaste;

improving animal feeds

Vector for coat proteins for potato virus

Potato with reduced susceptibility to nematodes
Modification of potato metabolism

Tumer NE, 1990, Monsanto Co.
Sijmons et a. 1993
Burrel MM, Blundy KS, 1999

Expression of auxin synthesis tmsl under tuber-specific promoter enhances Kolachevskayaet a. 2015

potato tuberization

Gene encoding Glycoalkaloid biosynthase activity in potato

Plastid transformation in potato

Overexpression of SBEII alters properties of starch from potato tuber

Generation of targeted mutations in potato by CRISPR/Cas

IbOr expression in potato increase drought tolerance, tuber production
Potato over-expressing SnsLTP1 tolerant to multiple abiotic stresses

Sasaki K. et al. 2012
Valkov et a, 2014
Brummell et al, 2015
Butler et a, 2015
Cho et a, 2016
Gangadhar et a, 2016

Potato resistance tofungal pathogens by pyramiding chitinase and wasabi Khan al, 2014

defensin genes

RNA Silencing of anionic peroxidase decreases the potato plant resistance to Sorokanet al, 2014

Phytophthora infestans

Plant-mediated gene silencing restricts growth of Phytophthora infestans
Potato over-expressing SDXSL in response to Phytophthora infestans

Potato expressing cry3A resistant to Colorado beetle

Potato expressing oryzacystatinll proteinase inhibitor and colorado beetle
Potato co-expressing OCI and OCI| tolerant to colorado beetle

Potato expressing PhRIP | gene for resistance against phytopathogens
RNAi-mediated simultaneous resistance against 3 viruses in potato

Potato expressing w-ACTX-Hv1 and GNA gene resistant to aphids

Jahan al, 2015

Henriquez et a, 2016

Mi et al. 2015; Guo et a. 2016
Cingel et a, 2015

Cingel et a, 2017
Gonzales-Salazar et a, 2017
Hameed et d, 2017

Nakasu et al, 2014; Mi et a, 2017

XL
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Abstract

Potato, Solanum tuberosom, an annual plant of the Solanaceae family is one of the important crop
plants and food. This review is based on genetic engineering researches which has been conducted on this
plant untill now. A variety of the transgenic potato plants which have been created to improve its
agronomic characteristics, adaptation to the environment, resistance to abiotic stresses, resistance to
fungal, bacterial and vira pathogens, resistance to pests, production of recombinant proteins and edible
vaccines are described.
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