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Glyphosate resistance in transgenic Tobacco plants by expression
of a modified EPSPS gene from chickpea

b3 0l Tl S i e Mgyl ks

Olesle Ol gl 30 0lES (65555 50 o5 ¢ s el 5 K5 pwdige s 05,5 bkl -)
Ol Ol dala ol &isls (654 555 5 5 SLLS ol 03 8 il el )8 (g pamiils bl —Y

Peykari N*?, Kordnaeij A% Zamani K™

1- Assistant Professor, Department of Genetic Engineering and Biosafety,
Agricultural Biotechnology Research Institute of Iran, Agricultural Research,
Education and Extension Organization, Karaj, Iran
2- Assistant Professor, MSc Student, Department of Agricultural Biotechnology,
Shahed University, Tehran, Iran

katayounzamani@yahoo.com: s ;S3l Cg « W3 J giens 0wy 55 3

Q470 Y 5 sy @)U— AR VAR VA § AGSUIVETS éJU)

OLLE b Coby b & cd S90Sl BB (p e I Jd Sk
9 SS9 903 9 by (595 p 1) GILOLS Suin JBT Lad § T (2108 Sge g5y ¢ (2115
ebd & Cwl o SSTAe o Fnen 1 (T Cawg T 5518 QLS cpl 5 Ses CueS”
5-enolpyruvylshikimate-3-) EPSPS a3 5T » oisla3l 1 9 39 o0 ookl Olg 13 08 g
! 09T ST Al Sl gwd 13 SOWS o $T 457 351 (phosphate synthase
28 G5l 4 cwglio dbml (5l AL sl b O0F < 3l eolitel iagh cpf ol Bua
99 9 (Sikwailuen (Cicer arietinum L.) ag56 obs™ 31 EPSPS Oj cplply .09 obs™ Olon
W lod oo Cawgd W G5 lile 4 Cwglie dlm! 45 (Thri83lle g Prol87Ala) &T e v
St .ol wy ¢ (Nicotiana tabacum L.) Ogigs o obs™ 50 3950w 0 & Shes .ol Mo!
Ol 1y 9955 ol 31 oad el EPSPS o 45 4oyl 0ggh obls Gbery 2135k
MNB (222090 (MVgn oo &0 B jho ) g 45 Lile Llieo S BAld 53 WS (o0
Ol ol Wil 2153k Yes e &0 Clald 0 o BCRS dod yo b g g LS
O3 AT 30 kil o) § Wh (S gl Cowgd I w030 &0 Cdald b SIS )0 Cpimed
G ile 4 palis 4yl 5 21h3 OBLT Sl Gy owle DL 3955 oud Mol EPSPS

g ARg3 o T 13 Conur gy WS

RTL S
VEee sle ) oslod (oo Hlh 090
1Y - YY axio

oS>

Soals slaejly

EPSPS
TIPA
TIPS


mailto:katayounzamani@yahoo.com
https://dor.isc.ac/dor/20.1001.1.20084439.1400.16.1.1.9
https://mg.genetics.ir/article-1-1640-en.html

[ Downloaded from mg.genetics.ir on 2026-02-17 |

[ DOR: 20.1001.1.20084439.1400.16.1.1.9 ]

OLer 5 Sl 0plS

Wb 098 Az 5l OB 10 Cuwsd I 4 Cwglio

Sammons and ) ssi o bg e e odle i slaidiss
03 05 glaaseus slaws Sul58l 5,40 ey 5 (Gaines 2014
Sl 0 odalia on e Ve B galge 5o &S oS
.(Ngo et al. 2017)

5 Vsane 355 0 Conslie o e OLLS 5 &S g
SalS 4l S a5 Bl e BT V0T eyled s sl
Bl s ol Laaraldenl 6,108 lad sl ol Laa>
Saslie (Sl gl oS e oo Ll Jis O
Sl i sbul b0l Siass e bl | aw g
ioss Celdend LA L Vo s Sosle 53 (6 S0
Lol s (6L i glie 4 bl g e gl 4 V0 Y o5l
oS 3 b s e gz ool (Powles et al. 2010)
Li sie TIPS e 4 5 Ao Ll Eleusine indica
e b o3 oL EPSPS s 230l 03 (Yu et al. 2015)
Qe ol ()l a5 LS )3 03 25 bay (TIPS
Sy Coplis Sl (gl s Lgw 5 a4y (G211 slas)) &)
(Matthews et al. 2017) ol a3 S 51 3 o5zl

Sl oS S Sapn 05 ) eslamad Jragn ol ol Gua
S bl 5l oS Oles s gSCie 4 Cowslis sl
Sl 4 a5 oS ol ol Os Sl e slacde
Conglin sloyl Gida U 3 450 oS I EPSPS 03 ol by iy so
2o A ledlaan oS pl 5y oM Sl o
« (Thr183lle 5 Prol87Ala) Ol asldesl oo e ol
Los ol e padS iScile & Caglis sl sk
B S 055 LS Bl S S 5 S 4 xS
Chb Ad s Oy Jhe oS s HSde 0 s S
Wl EPSPS 0} &8 sl 5 0555 OlS sl l55k
SiScile Cilie glacdale 3 AmS e Ol 1y 555 olS 5l e
wa,l 5 sl 53 Sl SBS IE e 30 e siS
chle U s 5 Ve e ol s sl S s
OLLS ool s 155k wn S sddS 51 Y g e /0
SScile plw VU Cuslis GlallS glad soil 3 pimeen
sl ol s e 5l

doddo

Slosshe 51 S w 5,a sladile ssle Gl L s iscile
A3 G Bileds Lol Olgr oo e Wl 5 5 Oode (g5o5lES
L oler o Coml 5 QLS iS5 sl Glagmes Lo
Lol aen Loi & s e W25 iSaile o pslie OlalS
(DUKE 2017) s Cs 3isDIS S il 4 o 5lis

osba S cal G iSaile g 3l S S sidS
EPSPS 5l odinlasl 1 5 355 o olinal Olgz 53 3 28
.>,s (5-enolpyruvylshikimate-3-phosphate  synthase)
ol S cl el S s 53 IS o5l EPSPS
5 S Sl laelil W 4 Solg s e
S .(Yang etal. 2017) wyls ey (i &S duy o0 SLS 5
355 Ol 53 dood KoK s oS sl O a5 LG
g Glp ol s |y EPSPS sl s 5 s Il
e S s Ol Clids ol 635 b iScile
JSE Gl e 805 81 CPA bl diles bS5l S
el 5 6h g sl 5 ldas 45 Liza EPSPS wﬂ,-t s slis
Han and Kim ) <3 8 513 eslizal 5,50 S DS @ p5lis
.(2019

DS 53 S s wal > Shas 5 (555 00 oS - Sy
R ) ol il 3 ASCile oS acile
Slr e 2L S onl S 2550 oS slagie o aan
.(Duke 2017) 3,5 dle dor 58 slacale J 28

v Cegle Gl sppe 5 e glatasy L
& o glie sl Cilises glacly 5550 53 SleMbl o 5aMS
T oa Sl Sl il adly ol Bl iscils ol
S gl g 5l A0 aslie 2) sl el 05,5
Sy S S ol aelil K O Jolbs
S U Caslie Y 38 o 5T b oSSl b S ile
Lo iScde Slrle plasd Aol L &S end plie oo
Joes 53 ASCile ) pam Sl Cailes =Y Ll ol e O o 5
5 e (ST S Wl GRIBIL S s pen (Saa
bl 4« Olasl -8 Jls 60 L Sl ess b



https://dor.isc.ac/dor/20.1001.1.20084439.1400.16.1.1.9
https://mg.genetics.ir/article-1-1640-en.html

[ Downloaded from mg.genetics.ir on 2026-02-17 |

[ DOR: 20.1001.1.20084439.1400.16.1.1.9 ]

Wb 09 g8 A 5l OBLT 10 Cuwgy I 4 Cwglio

OLas 5 Sl O plS

L Xanthi 3 0p5  Sp Slbeio mlp
Hirschi %5, .lsl , 5 Agrobacterium tumefaciens
Sso 2 DI ey 4l 5 salr A4S il (1499)
Lo 55 )UK aws g5 o LB Y eemg/l gl s
L sPCR i, b Jools axiuyl 5 OlalS s coiSly Lo
5 (V Jsdr) Aol EPSPS 05 & by e olant| gls S5l

L Jime S a4 aliads ) Sl e
wou,l g OLLS s et 4 Caslis s shies
Aoy Soochle Jyl s o Al esliad Sy 5o 5l 05
53 S OLlS 5 s wg A §) ol iSails
Ge sl £0 BT alols 5l bl 55 55 S8 0 Y ds
Voo bess by mpmme So ol 4 2 e Yo laie LSS
QLS fpes Jl L el 2Sile b e 20 53 e
glackle b ok cis b o) » S Oleio
Vs 0 /N /00 e /aY0 /Y Ghs S 5aS Calies
oo 335 Y0 S g QLS 1550 5 ad esls 15 Y e s

O 3ol 55656 oS SIEPSPS 03 (slalir
VU s s e LY i slaaelied Sl
SSile 4 ol Wl e olS 5503 EPSPS 03 L3 cop e b
Gl 3650 TIPS i 0 45 bl slo) S glie s yiSS
EPSPS ., ,, .(Yuetal. 2015; Sammons and Gaines 2014)
e IS w1 O &S el Laaly JIy Cglls olalS s
A il b S s sl dns Jsb S e colis
3okl lm s 31 Sl IS a4 Oy Sl o 5 00 e
gl (S3lo ey spd e Jol le EPSPS (055 5
5 2 Gean o3 el 53 cpl Sl OVl U o
Powles 2010) ol odd &l b5 IS slaal, Jig O
SB VAV 5 VAT ComBge s sldnl 55 opl 3455 s (et al.
OSan 03 edkd S lawalid cuxdse (VA ISE) Xyl
v Sbe @b ST pl ol ol eas ki SLS EPSPS

Voo )LQJ./\ O)W/Mé}sw 0)50/0-?.93 M}

a9 9 Slgo

L S RNA sl gl o3l 035 558 0lalS S 0 il
oS 3l eslizad L CDNA ol by e Japl 5 5l eslinad
A& plxsl Thermo Fisher Scientific s .2 cDNA .
EPSPS 03 0uiiS oy 4l bl Jsb (5lalir 5 355 laaa,
Sheslial b polastl S5LT cir 53 OF 3 i sl
53 sy Sledi () Jsdr) As 1L Oligo7 il
55 .Ad 4w S k5 s (EPSF3, EPSR3) Jle sls S5l s
JLl- (EPNF2, EPNR2) jse b, Sikl cis Jig
A Sl BU s sle ilesilaan Sl o3l il
S Iy plal o b S5l as w S L s pBIL21
GenBank Acc # ) shotgun lagsls 51 Lol DNA
Loy Js ol was b (NC_021165
!~ DNASTAR Lasergene 4c 5o 5l Seqgbuilder | 3ls ;
W3S E s 2 il Gl S oKl s s
Al 3l eslizal b Ve aalsd 53 Oy pons oS ey 4l
lakes s 28 Thermo Fisher Scientific s .5 Fusion
High pure PCR product purification <5 Lw g i 5,40
> S Ol 6 0L Bl L s adss Roche oS3
o3l b 05 S s8 5 Sz andad 5o i, JSay iSS 2isly
Thermo Fisher =S & Expand High Fidelity ﬁ)ﬂ 5
askd LS feate oasy sewing PCR SGSS L Scientific
TV O G 5 (gilwailunn PTZETRIT U 5 Ll
s ol 3 el Pl 05 b Al L s s P
538 1 3pBIL2L alS Ol 5L s CAMV35S e,
Agrobacterium 4 slexsl 5 3 sy 3l eslaad L
(Holsters et al. 1978) . Jixe AGLL 4, stumefaciens

B :)>u EPSPS L,‘j C}Lpl)j;&; 6‘4,.7 ealaiwl S50 sl.bﬁ)lfj—\ J}.b—

w5 ol s of s,

Sl et Skl s
EPNF2 5-TCTAGAGAGAGAACAAAGAAACCGAAC-3
EPNR2 5-CGAGCTCTCTCCTACTTAATATACAACAA-3
EPSF3 5-GTATTGCAATGCGTGCTTTGACGGCAG-3
EPSR3 5-AAAGCACGCATTGCAATACCGGCATTTC-3



https://www.ncbi.nlm.nih.gov/nuccore/NC_021165
https://dor.isc.ac/dor/20.1001.1.20084439.1400.16.1.1.9
https://mg.genetics.ir/article-1-1640-en.html

[ Downloaded from mg.genetics.ir on 2026-02-17 |

[ DOR: 20.1001.1.20084439.1400.16.1.1.9 ]

OLer 5 Sl 0plS

Wb 098 Az 5l OB 10 Cuwsd I 4 Cwglio

ol pl &8 wsl o Sl (95LFLGNAGTAMRPL107)
el s e Ol (ESen S s2I8 L s ) 5ba,
oS b s o VT e LV N skt g il
S das e Gl A TEY Olge 4 ) o 52 4 Caslie
Garcia ) col ol sdaline oa gladgs 5 Glad SO glacile s
.(etal. 2019

55 TLPA (TIPT (TIPA asles 53 alss sl e
ol of 5 e = 5 TIPS L oaslie 5o 1) awle SinS
4 s exs oS sl Ol ol (Yuetal. 2015) Wlesls
OlS s iscile Cle s olS ;S Lo e
(Yu et al. 2015) ol o3 olan iy i sS05 e
OS5 LlS OlalS s VT U sy sl b oS
Srg 2 See 5 Gl OlalS 5 s cdalie (93,50 i
Hummel et al. 2018; ) wsls QLS TIPS g L aslis 5 1,
LA b glo S 4 b ST ol b o(Sauer et al. 2016
2V s OA K2 558 s VT & (s
s ZJbts PEP L e iDL S0 gl Sl
e g S0 laaielinl 4 V0N s ks bl ol
S lge 4 S OF oS 5 o s sl b oKl bl
S Llg e Thri02lle g Koo w3l 358 e
L Coglie sl Col culg s 5 Lise 54 1, Prol06Ser
Sammons and Gaines ) 554 s 5aN 4 S (2l
(Takano et al. 2020) ;o 5 LY\ s 055l (2014
Liet) cosl ol odalive Cands 55 50 (e LVOY 085 5
wil fer 05 b ey 05 sbele alie (al. 2018
O Sl Il sind 5 G sadS L S 5 55 (Thrl02Ser)
« EPSPS .55 Jw Thrl02Ser J..J_(.l;- S el esls
Sl 0 01 S5 Jor I edls SRalS 15 pdI8
3L Olge 4 1y (PEP) &g J il sid ons EPSPS sl
Thri02lle, ) wlaw gl ier =) s e il
Sl sl sdalin calk s 50 (Alal03Val, Prol06Ser
VT slond s S5 a8 Ve 5 )Y bl 53 el
Garcia et al. 2019; Liet ) el sl o0 -l a0 VoY o lads
.(al. 2018

Loaskd 50 Coswn S0 05 & Lus b gl S
Loaxkd 53 cpl (OB 1S2) a8 sl |y a5 5550 sla g
Lo Jol ole 05 5 et (..@fsewing PCR G5l eslana
Wl iS5 anks Como ) Oliebl J g shwa, (VC IK2)
Pstl w51 L EPSPS 03 (o5l 428 & 4x 5 LPCR Jpamms
axdad Coeo 5 odalice (gL VoYY 5 VY WL g —2r
3 Jel= 05 0D, G S a Al e LS
S b ol gl 55 s (gsledilas PTZETRIT 56
Pstl 5 ECORI slam 5l b o5l pn2d s 5 PCR- SIS
L oglandss sdalice 5 (Gl 3 ol glils 05 0,5 Pstl)
05 (OB K8 L ot oL Jls 5 sbcds VoY o5l
Xbal 5 Sacl laa 5l 5l eslizul L pBIL2L U 3 el Ayl

(G JK2) 42 GUS o5 o Sl

=
(@]
(e}
m
[}

{
|
1
|
[ ]
TIRE IRL UL
-

G

A 5 LS EPSPS 555 03 50 g byl 5 oleailiwns —Y S
© R pslie 5 S b EPSPS sy, gl JIg 5l s
C 05 Sup s SKoS Sldad 35 B oo oS s e sadS
D (sls 05 sl 5 Sewing PCR i, b asks 55 Jlasl CAEPSPS
RS aalsd Como Aol shiee PSH 5T L PCR Jpame oy 5l pan
(F.Pstl 5 ECORI slaw 5l b TIA 5L 55 asksd s 4yl B ol
53 T-DNA wile 025 G E b B slads 55 eslisul 5,50 S35 S,

pBI121/EPSPS . ;L.

55 EPSPS 05 53 65 laier ool esls 0L La_iass
bl S NS iSCile & s Escherichia coli s sU

ol La> 4.3;-U BY Jw”l.w& C,wju.a



https://dor.isc.ac/dor/20.1001.1.20084439.1400.16.1.1.9
https://mg.genetics.ir/article-1-1640-en.html

[ Downloaded from mg.genetics.ir on 2026-02-17 |

[ DOR: 20.1001.1.20084439.1400.16.1.1.9]

Wb 09 g8 A 5l OBLT 10 Cuwgy I 4 Cwglio

OLas 5 Sl O plS

Waosls) L3S 555 e i 5 O oo 45 p 00 o3liso 555 VE )
(e oS esls Ol

Jasi b S0 sl 5 (Sl U add (gl OLS o |
L ol g bl gl Lo Joss b 6 505 5 VL
Ol 5 i 4 OLLS ol 51 Sy Slmio Jilesl opl s
Ci8 3l e s il glaclale s LOT Ll55b
chle s cdls GYU Jesd S (ol s sy 5, YO
oo Lol mils o550 58 o sdS 51 Y e e SO
app;)ui,;;‘)wﬁb)v,ﬁdgwo clle b s
55l ek sei oS5 55 sdalie LB OT 53 &l sl
JS8) L2l 155k en a5 5 N e s v/0 ) clle
Jam slom) 6l 1y 35 ek 2Ol 05 Sl s ol (8
s n DL g 4 o DS Sl @ e

WT

iy a3 iSCale ap anl 5 glaslist ) e oy T IS
Aol G OWLS 1yl iy (iScile b Ol (5l I LS OlalS L
Sl b odd (gl 5

0 0.01 0.025 0.05 0.1 05 1mM

lll!lln
AN

Oly ase )l 5 Oy olls s W}A.'MS 4 Jood Oy gz -t Ji.;e
95 WS, EP-8 5 EP-3 5550 oLS 31 EPSPS o C‘)\.,p\ 05 oS

s S e Ol 1y TIPA i (glls EPSPS &5 s il slas,

Ll dals oS gl S J,&-T 3,

VEoo ot 1V 6 kouds /o 35l 0,93 [ cyrg8 Sk

Coaslie sll 53 3555 ol Lol EPSPS 05 5 Shas o

O 5wl 5 ObLS 53 oS o
sbl 53 555 el 2ol EPSPS 03 il oy ) shieey
Ol asuyl 5 055 OLLS (uwsadS iSCile & Cuglis
3o bl 4 pslis QLS L sl 0F pl eiS
5 Jime Sbt w00 Jaade; 5 sl lele £ 5 sd C208
Ls AU EPSPS sl sls S5T 5 PCR 05051 b s

(Y 58

PCR 03031 L 055 45515 oS s EPSPS 05 5 pim 2s -7 S
(ol e dals gladges 3-Y 1kb Plus DNA Ladder ;5 sl L
dals 4 sed 0 PBIL2L/EPSPS el e Jald 4505 28 ol 5 3L
N EP-3 055 a5 olS (02 sL1s) 56 a5 DNA e

EP-8 05 5 a5 olS

LoOS s (S Y e 4 Odews Sl OLLS
Imran ) Los el doys SO clle b cuw a8 isale
Loas e 03 B pae Cuw st Ol Ve 5 (et al. 2017
Vool g O doles oS ol SIS 53 2 Y- S8
Zhou et al. 2006; ) ol ol esliinl 0 20 S 55 25 See
3 e S 5l 5, VSl e OlalS .(Cao et al. 2012
Sl s calises glaslas .m;;)mb;@@,.;u&;)
L Jeomie Sl U ulos 51 ecawsadS 4 oo 5l sl
B Jemze slapad bt ole S o
IS sy s 5l el sk 4 aals OlalS il
03 o b Bl 3L e Sl Al e 53 oS femete (gladisal
o)lis o3OS 2 ke Yoo m Il b3t 51 2 ol

w&MGMWLAUI‘)D&SJJ‘))UTJLJ‘)&M LSJ?-'“"

Y 3 o Asls olas


https://dor.isc.ac/dor/20.1001.1.20084439.1400.16.1.1.9
https://mg.genetics.ir/article-1-1640-en.html

[ Downloaded from mg.genetics.ir on 2026-02-17 |

[ DOR: 20.1001.1.20084439.1400.16.1.1.9 ]

OLSKes 5 Sl 0 pks

Wb 098 Az 5l OB 10 Cuwsd I 4 Cwglio

Jal oS EPSPS o5 Kos dash s Azea bl
JaS o s sbml Of 53 TIPS fem 5 (gledilaan
OlS b sl ods s 055 oLS 4 CAMV35S j5ej
Ortega et ) Llesls Ol s NS Sl @ s s slie
5 6Bl s 03 Ol Ole Cuwenl 4 a5 L L(al. 2018
S 4 0 POl &S du e B asspe 53 ol Cuagla
Slp 68 5 ol Pad S SOl eslitad g en g S
Copo 48spp 53 SiS gl G Cuglie L oOLLS W

]

ol
oK..L.AjJ“.; L;LAgL..iLo:- )‘ u’:““)_)'i U‘i‘ Ls‘j"‘ BE QKJM.\...:JJ

Aoled o K55 5 a8 Ol (505leS (85555 5

&l

Cao G, Liu Y, Zhang S, Yang X, Chen R, Zhang Y, Lu W,
Liu Y, Wang J, Lin M, Wang G (2012) A novel 5-
enolpyruvylshikimate-3-phosphate synthase shows high
glyphosate tolerance in Escherichia coli and tobacco
plants. PLoS One. 7: e38718.

Duke SO (2017) The history and current status of
glyphosate. Pest Management Science.

Garcia MJ, Palma-Bautista C, Rojano-Delgado AM,
Bracamonte E, Portugal J, Alcantara-de la Cruz R, De
Prado R (2019) The triple amino acid substitution TAP-
IVS in the EPSPS gene confers high glyphosate resistance
to the superweed Amaranthus hybridus. International
Journal of Molecular Sciences. 10: 2396.

Han H, Vila-Aiub MM, Jalaludin A, Yu Q, Powles SB
(2017) A double EPSPS gene mutation endowing
glyphosate resistance shows a remarkably high resistance
cost. Plant, Cell and Environment. 40: 3031-42.

Han YJ, Kim JI (2019) Application of CRISPR/Cas9-
mediated gene editing for the development of herbicide-
resistant plants. Plant Biotechnology Reports. 1: 1-1.
Herouet-Guicheney C, Rouquié D, Freyssinet M, Currier
T, Martone A, Zhou J, Bates EE, Ferullo JM, Hendrickx
K, Rouan D (2009) Safety evaluation of the double mutant
5-enol pyruvylshikimate-3-phosphate synthase
(2mEPSPS) from maize that confers tolerance to
glyphosate herbicide in transgenic plants. Regulatory
Toxicology and Pharmacology. 54: 143-53.

103 3l el b LSCils o plie ai sl 5 OLLS sl o
05 o3 ki POl sladialal g5 2 ode ALS clie L
53 Sl w4l sl sl (gl ol 05 Oly Ol
Sud ekl (ol sl sl o Dl s e Ll
sols sms S JjmS cos TIPS 250l LEPSPS 5 (G21
s Ol S ) ST 05 4 bgse 0T D52l el enn 58
Vb Ol el 0 51 Jlabd s iy 6 a1l oS 3l
0 o onilin Jam 5 s slis slrl as3Y 45 Llold s I
(Hummel et al. 2018) ..l 4 ;s Clw 05 Scde
sl 5 EPSPS 5555 05 oSlol sl sdaze sla i3
5 OIS (i wle elys OLS s TIPA 5 TIPS s i
3 ool b e 558 S ils w4 pslis OLS W5 5 5L
Li et al. 2016; Sauer ) cwl sl ¢l>_u'l CRISPR/Cas9 -
J=1e 53 55 OlalS ol (et al. 2016; Hummel et al. 2018

Hirschi KD (1999) Expression of Arabidopsis CAX1 in
tobacco: altered calcium homeostasis and increased stress
sensitivity. Plant Cell. 11: 2113-22.

Holsters M, De Waele D, Depicker A, Messens E, Van
Montagu M, Schell J (1978) Transfection and
transformation of Agrobacterium tumefaciens. Molecular
and General Genetics MGG. 163: 181-7.

Hummel AW, Chauhan RD, Cermak T, Mutka AM,
Vijayaraghavan A, Boyher A, Starker CG, Bart R, Voytas
DF, Taylor NJ (2018) Allele exchange at the EPSPS locus
confers glyphosate tolerance in cassava. Plant
Biotechnology Journal. 16: 1275-82.

Imran M, Asad S, Barboza, AL, Galeano E, Carrer H,
Mukhtar Z (2017) Genetically transformed tobacco plants
expressing synthetic EPSPS gene confer tolerance against
glyphosate herbicide. Physiology and Molecular Biology
of Plants. 23: 453-460.

Li J, Meng X, Zong Y, Chen K, Zhang H, Liu J, Li J, Gao
C (2016) Gene replacements and insertions in rice by
intron targeting using CRISPR-Cas9. Nature Plants. 2: 1-6.
Li J, Peng Q, Han H, Nyporko A, Kulynych T, Yu Q,
Powles S (2018) Glyphosate resistance in Tridax
procumbens via a novel EPSPS Thr-102-Ser substitution.
Journal of Agricultural and Food Chemistry. 66: 7880-8.
Matthews BA, Launis KL, Bauman PA, Juba NC (2017)
Double-mutated 5-enol  pyruvylshikimate-3-phosphate
synthase protein expressed in MZHGO0JG Corn (Zea mays
L.) has no impact on toxicological safety and nutritional



https://www.ncbi.nlm.nih.gov/pubmed/?term=Duke%20SO%5BAuthor%5D&cauthor=true&cauthor_uid=28643882
https://www.ncbi.nlm.nih.gov/pubmed/28643882
https://dor.isc.ac/dor/20.1001.1.20084439.1400.16.1.1.9
https://mg.genetics.ir/article-1-1640-en.html

[ Downloaded from mg.genetics.ir on 2026-02-17 |

[ DOR: 20.1001.1.20084439.1400.16.1.1.9 ]

Wb 09 g8 A 5l OBLT 10 Cuwgy I 4 Cwglio

OLas 5 Sl O plS

composition. Journal of Agricultural and Food Chemistry.
65: 8459-65.

Ngo TD, Malone JM, Boutsalis P, Gill G, Preston C
(2017) EPSPS gene amplification conferring resistance to
glyphosate in windmill grass (Chloris truncata) in
Australia. Pest Management Science.

Ortega JL, Rajapakse W, Bagga S, Apodaca K, Lucero Y,
Sengupta-Gopalan C (2018) An intragenic approach to
confer glyphosate resistance in chile (Capsicum annuum)
by introducing an in vitro mutagenized chile EPSPS gene
encoding for a glyphosate resistant EPSPS protein. PLoS
ONE. 13.

Pallett K (2018) Engineered crop tolerance to glyphosate
and its impact on the use of the herbicide. Outlooks on
Pest Management. 29: 277-81.

Powles SB, Yu Q (2010) Evolution in action: plants
resistant to herbicides. Annual Review of Plant Biology.
61: 317-47.

Sammons RD, Gaines TA (2014) Glyphosate resistance:
state of knowledge. Pest Management Science. 70: 1367-
1377

Sauer NJ, Narvaez-Vasquez J, Mozoruk J, Miller RB,
Warburg ZJ, Woodward MJ, Mihiret YA, Lincoln TA,
Segami RE, Sanders SL, Walker KA (2016)
Oligonucleotide-mediated genome  editing  provides

Voo )LQJ/\ O)M/MO}-;W 0)50/0-193 M}

precision and function to engineered nucleases and
antibiotics in plants. Plant Physiology. 170: 1917-28.
Takano HK, Fernandes VN, Adegas FS, Oliveira Jr RS,
Westra P, Gaines TA, Dayan FE (2020) A novel TIPT
double mutation in EPSPS conferring glyphosate
resistance in tetraploid Bidens subalternans. Pest
Management Science 76: 95-102.

Yang X, Beres ZT, Jin L, Parrish JT, Zhao W, Mackey D,
Snow AA (2017) Effects of over-expressing a native 5-
enolpyruvylshikimate-3-phosphate synthase (EPSPS) on
glyphosate resistance in Arabidopsis thaliana. PLoS ONE

12: e0175820.

Yu Q, Jalaludin A, Han H, Chen M, Sammons RD, Powles
SB (2015) Evolution of a double amino acid substitution in
the  5-enolpyruvylshikimate-3-phosphate  synthase in
Eleusine indica conferring high-level glyphosate
resistance. Plant Physioloy. 167: 1440-7.

Zhou M, Xu H, Wei X, Ye Z, Wei L, Gong W, Wang Y,
Zhu Z (2006) Identification of a glyphosate-resistant
mutant of rice 5-enolpyruvylshikimate 3-phosphate
synthase using a directed evolution strategy. Plant
Physiology 140: 184-195.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Powles%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=20192743
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yu%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=20192743
https://www.ncbi.nlm.nih.gov/pubmed/20192743
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yu%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=25717039
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jalaludin%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25717039
https://www.ncbi.nlm.nih.gov/pubmed/?term=Han%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25717039
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25717039
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sammons%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=25717039
https://www.ncbi.nlm.nih.gov/pubmed/?term=Powles%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=25717039
https://www.ncbi.nlm.nih.gov/pubmed/?term=Powles%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=25717039
https://www.ncbi.nlm.nih.gov/pubmed/25717039
https://www.ncbi.nlm.nih.gov/pubmed/25717039
https://dor.isc.ac/dor/20.1001.1.20084439.1400.16.1.1.9
https://mg.genetics.ir/article-1-1640-en.html
http://www.tcpdf.org

