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‘f‘&..,s«v—; wﬁ\ )lij'é"’ ‘Y‘JL.T r/,}- QLL.)\)J:J L.é) ¢.:EEVL5;L§).- 6.L€.o BV "LS}A)J“A'.’ @M
oéjw‘jbz

Sedigheh Nasr Ramzi 1, Mohammad Mahdi Sohani* ?, Reza Shirzadian
Khorramabad 3, Mehryar Amininasab *, Jafar Asghari °

sl =0 J o0 g0 K55 Hbokiad =V ¢ Jsho (655 a0 LA =Y (58 5K 50 (6,8 (s gmdils -
V“j,’.. gC,\...fa) ‘\)D)\:g Alfvi_'«‘) gé_}))l.;s oSS s ;Lg_}j.!}\g.v):.v a)Jg ‘)J'A 6&;&9

Ol Ol g5 0l o &iils G5 s HLskinl £

1- Ph.D. student in plant biotechnology, 2-Associate Professor of Molecular
Biology, 3- Associate Professor of Molecular Genetic, 5- Professor of Weed
Physiology, Plant Biotechnology Department, Faculty of Agricultural Sciences,
University of Guilan, Rasht, Iran
4. Assistant Professor of Biophysics in the Tehran University

mhdsohani@gmail.com : o5 xSl oy oJ e oo 53 7

) (o 9 S5 (qwkige
s> ISSN 2588-5073
9 7SI ISSN 2588-5081
QY bl 9 sle ) oylold Y 090
10-YA daxio

Genetic Engineering and Biosafety
Journal
Volume 7, Number 1

US>

O W O (B9 (Caumgt T asile 4 polio GlLS Skl ey (y y S0 3 (S
31 EPSPS el 3T (ol 4 CoawgtT uSy o Sl solae 4 EPSPS (3T
S gl £1gi1 35 9 (Seal> wnoT GBIl Sl Jgiun 45 0399 Sloaad g (Sl 3T
S lgstl Dlo 4ldl 4 H0B 35290 «(§99 w2 3T Hgr U9 Sl BG TL 9 OALS 53 44l
Coan W o Tomw! 457 EPSPS (3T JLlail caga v S 0903l (K g0l Gudsei 5o 090
4 PCR usMy i Qo <O 50 00l Ko dhawlgdy Sldads sli s> 093 4wl AT
>y o OF ol 4 (EPSPS) a4l pud OF oAb 0018 i VT dieTow
Slislow pow daw dhawly 4 9 Oals” PPZPY122 by y459 58 4 1o (35S:EPSPS)
(Oryza sativa L.) @y oS &b w4 Agrobacterium tumefaciens 3 EHA105
SBLS 31 i 95 38 300y Je¥g0 wwl .l JGs!in planta b9y 4 oedls o8 58
Crmlobir 550 5T 4) Cuoglin (ol 3 o9 Ml oot b plodil PCR igy 4 @82
Ol H1ade (wy g Culg 0 Wb plml Lalide (GBI 13 Cawgts ™ Jle 4 Cwglio 3w 9
owiad Ol @i . pleil Quantitative PCR dawly 4 p9o i 33 48l JES1 O3
Ciligo OF Ol 457 wd (askie adflla cpl 53 09 bl 3550 OBLE 10 OF 90 » Ol
ozl 9 Cailign pd wall LS b dwlio 5o ikile 4 YL Cwoglio b OBLT Wei Cuw

ol Al (9 OF Gl B b sy

S glasly

O3 Ol
‘éﬁ
G&:«:«ﬂﬂ)‘f
(PR s
dn planta



OLer 5 G50 a0

o g Sl LS ST

oles: S SL ads f3o 5 Lo oy Seods Julgs anun s
.(Maeda and Dudareva, 2012) ...l

Sy Slomy S a4 Sl i Slee Sl SIS
— 388 SlaS LSES L G a8 |, EPSPS s
Jlasl oKl Jlil 5 EPSPS —(S3P) Solivs -1 —oleSods
Aas e gl (PEP) Sy Jglsind o e (Sl pm
S lge S 5 PEP ale ) 0iSlee SO o pidS
4 S 5 S Jlal ) Slid Y-l ade 26, 8
ol o bl Sk corge Sl Jlazsl oS
(Tan et al. s PEP Jlail Gl 4z 3 5 ! b
(23 53 CowsidIS Jlail oSl 2006; Tian et al. 2011)
Jlasl ol b wﬂ & PEP Jlasl oKl Olaa i s
waldonl 0 Slr (slae omi s ooy 4 o 3 WS S0 5515
aaissldeosl ol 5,8 o )3 oslin 5 05390 I 5 lsb
Lys22 5 Argl24 Glu34l Arg344 Arg386 |oli «
w0l edkd als gl ple a4 ced il
Jasl 5l e s Lledd cladbee VU Olye 4 (EPSPS
Tian et al. 2011; ) W ls i& PEP Jlasl 55 e a8
e b b lad Sse ol e ol Ly (Corea et al. 2012
v Doge ol 4 mpl b Kl 4 e pidS
ol oder ol Jlad oKl 3 e Slasl maed oS 353 0
(Schonbrunn et al. 2001) 553 o 2w ,ls,L lad Sy
0> 5 edd OF 0as b 4 e iyl 4 Sile Jlal
crle pde Lol L Ol clls s
Jobor 5 iy (g il Sladnl sinl Sl s o lonny 55
Maeda and ) s53 o S o sl amel ladul ol 3 1 5o
.(Dudareva, 2012

L gl sy bl 2 GLLS 055 s (6 Saws oLl
5 S siDS @ pslie o5 OLLS W5 Ol Oledsls &
59,00 (Green, 2009) <.l el 1y e iScde Ll
OSdls a4 Caslie sbml apse 5 Sl sa sk

SOl G 5> (DUKe, 2011) Gl ok ol s 3N

doddo

Jole s ol 5,8 lacile JJ::SL;:,\))'WQL}«;)'\JQ
JJLS UALN‘ «J‘i‘ » el f\)) QYW J;.AS [N
iy 4 @wsdS gladle js .Cwl o0 el 5 slacils
cbjﬂ.i":‘_;a (:bul o}:..slg.a Sope & dul:f GIRARPLY &'LAJ:A) BE
i ol @b i 4 Sl plasd sl
(Chauhan, 2013) Ll ;2 slacale L ojle SO
‘V.shi&?;)'\ s %) o boaslis s b iside 5l eslanad
A5 el il e 5 S5 2l (G5 LSS 5 s
L‘w\u&ﬁﬂpud&dy t_ej,a.a deu QV}M OJ:JKA
aLﬁﬁSJﬂon‘dJ&d&)|4w‘Q1f&wdb—w\
JJJ""U’:’)H) M\yb)wqugrw ija_: S48 u&b)
L DIl )l pl b 5258 (Kuiper et al 2000)
JJZ.S o se QT » aj)kc K] asls b é_j._e 6&05}1} JALM
b)l)dhbbﬁ‘)@dﬁjbﬁ)ﬁdhw;wb
s 03 Sl QLS L esw Jl gl iSile cpl sy cpl b
Duke, 2011; De-Carvalho et ) 555 o Wl -2, o 5l o go
U'i( W}SJ@J‘% &))\L:)L\MJ ch..:rlJ “:‘f“")"’%«"w
)'J,ALSLA;APJ):;SCJM&Agd‘ﬁéﬁj},«)&.ﬁ‘)cG)‘

(Stam et al. 2003) ...l

My Sulssl 8t bl cawsadS iscile
davly a1y L8 cpl ol OS5y Sley,l sl gl
e 85 Sl 2Sie g8 S s das e plonil (EPSPS)
c»! (Duke et al. 2011) cwl 5T ool 58 5 ol suS
S td Sl ) S Mg e 53 S50 3l S
Sbaalienl My sl 5B s buly b Gd Ky
Elal 3 5 b s i (oY wle Sl
T IS P PY PPN PR PPV PG P

Sl ool i G EPSPS 5T ol 3 s Ok o

WAV sl 3 5l /1 o5bocdh /i 093 [ g (] § Sl gusiien -


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5003930/#B9

gt Sl 3 DS ST

OLSes 5 G50, a0

Sde 4 VY °C 5 Y Min G 4 W °C ) min s 4 40°C
05 & bgye il A Wbl VY °C s Llg 2SS 55 5 ) min
gl 05 cble s glulas J5 5l oS LS 4 Gida
Sheadsl 3leoslS g Al S0 Sy el
oslizad S Jadl) st bl PIETL2 K lS el
Syl anded g a4 Al 5 b 55 ankes Jlasl L
T4 DNA ligase I Jandly Yl 10X buffer V+—0+ng
Sadsha i plosil YYOC gles s Yol JS o 3 M
Sambrook and Russell s, 4 pis ;s Sl Cgr daias
oo L E coli gladhe Ognlesinsl 5 5 esbel (Yer))
Sl o3l 3 YAy ) Bio-Rad oKas 3 s s S
Axis gl e 13 @ el JUinl g (436 ¥/0-4/1
sl iy sl 5 sl ole b cer da el
el S ST sl mle LB e 53 ails oS
an S|y bl deandly sl ) 5 dn s el
Wﬁmﬁ@ﬁ*ﬁt%%@ﬁ A el Py
o oS BIONEEr <52 4y b JI5 5l dedly ks 0

A2 Jll

EPSPS 03 ;3 ol3 s sk 4 PCR S|y
Olse @ AT reddS walial el plnil Sladlls ulid
s As bl EPSPS 5l s e sds Cblis oSl
2l (GCC) VT 4 (GGA) ™S ol sl 0308 ks
23 bl b o O s a4l g Sl sl ¢l s
(Tyagi et al. 2004) L oslizal oyl ) Ke dlal s &5 s S
0 AT S wislitsd bds gl Sl i SR b
PrimerX BLISE KaS “ oY
Ry J§)~L'cT <oy se 4 (Www.bioinformatics.org/primerX)
5-AGT TGT TCC TCG GTA ACG CCG CCA ls e
Coge 4 PCR ESIy i sbml g b pll CG-3!
s SSIIDNA 5101 55 &5 s elwil slal o 53 STy S
ST apl e 4 KoulS 5 e PIETL2 dewl Oles
2V g0 e/No o pl Sl Gl s b e S8,
10X Al ANTPs Opl cx8 0 S50 ccalises [2S1s Sler

Site- 55, 4 EPSPS 31 eaes 08wl slasend 5 S
JS& 4 PCR asly 5 g5 &S s directed mutagenesis
SR OF ppmad OS5 5 e el 5
S 4 05 55 a5 0 S Sl 5585 s 5 EPSPS
Slesleal Linplanta 2y; 4 edls o35 <0 oS 4 I5mee
EHAL05 (¢35l s 4 5 Agrobacterium tumefaciens
b 5ol s s JsSe Gla ) Ll esls Jlal
Wls g QLS b g3 s al JUEl 0F el e
il glacble @ dals 5 Sl OlS Cuslie omen

23S 15 bl e iSle

LAUSJ)J:“,A

Lol 5 pland 3150 ALE 5150
(dy) 5528w Sl asn Sl et 035 5 55l
PIETL2 SslS 5585 el sl slacS a5l
Sypo 4 ol 3,5 Sl 55 5 DNA e oS
Jeastly (I »1) Thermo Fisher Scientific ;I plus)«bp
Arabidopsis Biological ) ABRC «...ss 3l pPZPY122
(01 »1) Cinnagen 31 RNA gl Al oS «(Research Center
3l s Sl (i sls 51 Cefotaxime K5 o
4'-Hydroxy-3'5") 0K e sinl Ol S leS  S0S
slse adS 5 (K ) Sigma ;| (dimethoxyacetophenone

L gl = (WD) Merck <8 5 5l ol
EPSPS v‘-?i oS AS 05 ol gls

S3llas sl DHS5a 4 g E.COli (5 5SU 51 G ol 3
.(Sambrook and Russell, 2001) . eslesl 055 DNA
1 e 5l eslinal L EPSPS 05 25 @ b e sla S5
5'-CG s, Jg &y se « (http://primer3.ut.ee) primer3
eSS . 5 TCTAGAATGGAATCCCTGACGTTACAA-3'

5'-GCGGGCCCTCAGGCTGCCTGGCTAATCCG-3'
Shyods PRU 5T 5 eslizal bl 3 PCR aali s s 1 b
g 4 JSew Yo (omin Q0 °C) IS S s

- WAV Gl 5 50 1Y oyl /30 090 | s 5 oma] S sniien



OLer 5 G50 a0

o g Sl LS ST

05 Jel ladeandl 1V 0ng/ul L lags SL 5550 5 .(2001
e i AN sy e b s Bl e
s cele fA cii8 5l aa S el Yorov 5, 5 oms
el IS 5 YOMOIMI sl ; (S5 5o 5T (551 Jas
Ll g LS sb b SulS YAC sles s Yemg/ml
Mzl s plil O0dgli s 555 4 PCR IS (0 sl 5l 5
5 G5 Jeel Shaie OF 53V ol a5 Ot SIS e
Sotmle Aver e by ekilir Ve 0 led 3 e

s o3lizad PCR ST ploil g 03,5 36 51 o8 K502

inplanta 5y, 4 g oS S5, 5

S AS s el b i 5oy Il a1 5 el sl
3 SO L3 s s Sde 4y LAS Ssteds 1)/0
b a8 15 35wl g O cusb, LYY °C le
EHALOS (g5 slos o gon 4 g0 0355 all amalyy S5 (slidur
aw 33 28 s, wlal s Agrobacterium tumefaciens |
(Gelvin, 2006) . osls oS suS:Wl 3 AB LB laos
4 O Loy il o o 4l edla jody il g
Ges b Agrobacterium tumefaciens « axiel s/omm s
Lyl b Co el ] 9N e D Fhsw YMM 50
Eppendorf, Concentrator ) S+ olKiws 51 eslizal L St
baes 0355 gl Ol Shgr 0L B 5 Laes slos 5 (plus
los by SEBI s ol il 55 A S5 LW els
Gl S el Sl 5 (6L 5,4 e 4 YT OC
L les (Veremg/l) oS s S ST L 58U
CiSl Lyl e 55 Jol slaaalS (Bechtold et al. 1993)
Lds oS (Yoshida et al. 1971) 1o s gladss s s
L ol 5o 5 OIS ol baaalS aly ) (s o5 Sl e
laazalS Sy 5l 5IDNA sl aisly Uit €S
o (Clarke, 2009) Ao plxil Bl .35 CTAB s, b
sslinal 2S5 sl Laul 5 LPCR Sy 51 adyl o) S

«/opul Pfu DNA Polymerse (.wﬂ «opl buffer with MgSO4
o {(Ymin Q¢ °C) K & s« 0rpl S 2
VY °C 5 a5b Y Sde 400 °C IMin. oo 4040 °C ;[
vomin Sl 4 VY °C s slg oS5 50 5 YMIn G«
w bye ol e wy, S5ETPCR plast 31 day o eslinad
Lo 5 wlol lLoss 51 S8 o a4 VI i 4 Gaa 0
(omin Sus 4 41 °C) S K asl 5 L PCR olaies 550
°C s V/omin Cde 4 WY °C MmN Sde 45 471 °C ;S Yo
Vemin Cde 4 VY °C s olg 5K 50 5 YMIn Sode o VY
Sl 30 Sulg 53 S ) 2 58T T3 (555 p et 5 plonl

A8 Jll b s

PPZPY122 LS deasy 5 Ko gls

o s Al8ldr g BB 5 ls igx EPSPS a0
L ol pln Sl b JUsl pPZPY122 alS L
A Gl Bl Sl VUG 1 el Xbal 5 Smal
O Yol e s Yul 10X Tango 5L or/opl &
J5 &35 dpame JS PCR Jgams 5 ooy o5l puos
doand 55 5 \YALDD Jsb U Gods 0 ankad 5 oy 38T
Thermo Fisher .8 5l eslical b 5 esls (55 J5 5l e puan
o addad Jlasl aSly s gsle el (K ,0) Scientific
TADNA 31 &S o VY s & PPZPY122 1l
A el YY°C by s 10X 5L 5 Yl lues 4 Ligase
E.coli 50 & placd S5y o Jlal LSty Jsames
Ly GOS0 graley sl 5 Al ke s sl Jaz]
gl 5 Skl IS (sl LB bl CiS lame 3 asily
Loy Gda 05 ¢y el an JuSly g plel dadl
Lsp G 4l dd plnil ECORI 5 HindlIl 5 slags 5T
VVeebp Jsles PPZPY122 Jandl 53 45 o3y T-DNA &
Loz VYASDD Jsb L Gia 05 H5im Coyso 53 oS Sl
8T U5 uy o e a5 cils dalgs Jub YYALDD Jsles
Agrobacterium ol pdy adile Wg s ey

oslazl (¢l s (Hood et al. 1993) EHAL05 « ,.. tumefaciens

Sambrook & Russell, ) A& ag pio,ss S S, s

WAV sl 3 5l /1 o5bocdh /i 093 [ g (] § Sl gusiien -



gt Sl 3 DS ST

OLSes 5 G50, a0

Rl SSale 4 b e s Sliglesl 4S5 (AMM) (o
ali aale Sler p OLS 5l bl Ll i 5 bl
05 b a5 5 (35SIEPSPS) wsl Olul b 03 L as,l s
%MS s S Jaee 0553 4 5 4l e S @PSPS 5L s
Ll i 53 s sad 5 o3l JUil S yadS SIAMM (55 s
gars 3l da 5oy 95 S G S S s eas S5
Lo 5ol S5 ey aalsl 355 Jler B s plosl Lo oialesl
5> e QLS s o3 Gl slaes 5 23 8 13 3,50
0 Caslio 5 cpmboliz S gn 5T 4 Cuslis PCR s an
Wi (IS Bl 55 s ol bgs e o s iSlils
SR s oose J Jed len pgs Jud Hsde dipp sd 0 b
Az S

CDNA 5w 5 RNA £ sl

olel 5 RNX-Plus oS bav 5 Jlaz=l asel 5 OaLS
RNA oS 5 kS 43 zlsal RNA siijle 5
LEDNA i Al )y Sl sl olSiws SS L ol et
L Oligodt 35T sRNA 5l 6v ng 5 ab s o oS 51 eslicl
05 Ols (oo o5k & plmil sl OS50 stes el
Glo sy Sl s A eslizal Gia 05 woluaxs| gls ST
A0 °C) S K s 4 i sSes 05 ¢l Sledd
5 Y05 e 4 OA/VIC YOS ke 4540 °C : S YO (YN
Lomin e 4 VYOC Llg a5 50 5 Y0s e 4 VYOC
5'-ACCACTTCGACCGCCACTACT- sras, sla S5l
5-ACGCCTAAGCCTGCTGGTT-3" _ieasy 55 5 3
S spo 4 EPSPS 03 (sl ST ol imas A plonl
04/Y°C (Y0 5 ke 43 40°C : IS YO ((¥Min 40°C) S
L VYC Llg iS5 50 5Y0 S e 4 VYOC 5 Y05 ke
S S <9
5- cae 4 5, 3 AGCAGCAGCAATCAAAGG-3'

sl S5l L emin o

op g A plsil ATCGCCGCATCAGGAATA-Y
ISle 55 el giew ke CONA slads god 31 05 Oly Ol
% eslezal Biorad ol%:ws ) Real Time Quantitative PCR

L rt?g." el O LS‘J%V-‘“)&JJ’J U5 Lg\ﬂr.aui;S\j Q—l‘

SLlS Jsss 5 i s Sl 5 420
bl S5 g ST 4 Cwglie )

Sl oiS b 3wl el 0LLS &) U2
ChlE e ke 4 bl s pledl bl |
Duchefa) W% MS Lases 3 sl oS pm 8l SiS
mg/l Ll o ssl (Er0/04 mg/l els s sl Ada
BYSIA KRGS L R PYRPRCI-L o] I - RSP - J-R
Olye 4 sy odd 3,5 OLLS ples OF 55 a5 e o 2eS
Er osk Al w8 Lo Veemgll e Sais cble
el S S sl e 3 Osa3l 5550 OLLS
‘U‘ﬁ'&é’.“‘%vrj Oy 5 ey LS s (Ve emg/l)
Al JEl clS e Gk 4 ol mel Bl e s
Gl 5 b lale s wcis SEUl o ciS glalases
5 plad (Kb Sl e 5 485 515 55,5 de e 4 TYOC
Jlasl 55, Yo Sode 4 VYOO (glos 5 plids, celu VN LS
A S I3 e s OLLS Ol el CEAS S ae s
Lis 1) 355 pow KO Olomen L) o 3wl 5 OlaLS
Sl 5 LS dons s )5 a5 OlalS Ll s S
%MS@S@)JMJJ}.MOUS&)WQ‘)W‘
S e QLS S Gl el Do 4 mlE 5 Al
5 Y0C glos L oS BU1 5 St w el 5 A, Al b aslsl
Ol i adlee g il esls JlE Slibg, cele O
J5 53 a5 ol PCR 2815 5 DNA £ szl 53 0lalS
A gy 58T

o s W Sl 4 gl )

g - T B T
bl 53 5 ap als SLLS I S dsed mp olS
PASY AL XN oMM O 4 iSe 5 il
Sles 3 S SSI & Lo pad 255 13 wle s MS L
S pm s b Sk ghs el VT 5, Jsb L YOC
;,;jb,;&sjyguapcugi,gsﬁu.mﬁ
Er el Sp e SSs Sais Chl Olse 4 oy el

- WAV Gl 5 50 1Y oyl /30 090 | s 5 oma] S sniien



OLer 5 G50 a0

o g Sl LS ST

Gl s A bl ECORI 5 HindlI slags 5
A gl olant sl ST 5PCR s, b g 8L ST

sl S8 Lasws 53 gl e a5 0LE o KL 2

oS Sl @ﬂ)dbr&wﬁ ol g S cas S
w5 OlS ol Sy Camer K L3 il OlalS
S Vo CldS Gl e s andly Cwglis bl lases s =7
el & dadls | 355 e K hai> U5 Oloes
DS alS e opl SIS 5l e &S Il 3 Ly Obe s
el (C 5B A ST JSK8) Wy Sl ek 5y dals
el S 0 K sl S Sl Oleebl Ol 5
BLLS o Gl llie ol mip oS S Gl
=Y USKE) sy wsline a5l epsps OlS s 35S:EPSPS
e 03 Y0 a5 0WLS 2STs dols s el (D
Cose 4 45 Aals LS Sl sl CiS Lme 3 A
wsl 5 QLS 5 sy e ddoys Vo) Was eds 55 Ll
Sl )l 5 OLLS fomen s e HSde e OLL G
L aslin 55 (A3 AY) (6 2im e oLS slaws EPSPS 00}

Lzl (Ao s V1) 35SEPSPS ase l 5 Glals

05 Gl Jlaal a1 5 0LLS Sl ASle o plnil g
Ao Ll ol A 4 ufﬁ @ 505 dals 5 35S:EPSPS (EPSPS
CEE sl e T MS S L s (g3l el
5B A T IS) L esls 13 o pidS iSle 1 AMM
3 A edalle baaiped 53 (AU id ma Jol 5, 55 (C
s bl gors Ol A psd Sy A e San
Lol OalS (el s 555 L i Aoz Voo dals OlalS
Sh Ky 5 35S:EPSPS 03 Jel= OalS 5 EPSPS o
EPSPS 05 Jul= 0lS 55 Slojew oudd (Jl= ol L dzils
Ol A e e ooles pae Sy 53 s A
S XS bis |y s s K wssl s 0lLS bl
OLLS 5o Cwslie opl 8 Ad Lasie ol ok Ll
05 b= 0LlS I zio (Ao 4Y) EPSPS 0f  Jel-

(D Y JS5) 55 (4o ys AY) 35S:EPSPS

3 ACt gy 51 05 Oy o Olpme anslee gl Cole
s (Livak and Schmittgen, 2001) A& sslesl Slat Jge 3

@bl Jdos 5 45
SAS 15l p 5SS w4 Godos cnl 3l eal oy (slaosls plas
Yode JoShael o b lajlsges adS 5 Jdod 5 o 4 e
L;MLRJ%[S Q)yd.}o.)l.i';w‘ S48 6)[.4] C)b LS v.w)
5> LSD QJAJT&AS 4 Laesls uﬁi’k:" dwslie 5 1SS aw s

ﬁ;."q‘g@l:.;

EPSPS 05 53 (2lio47 5 $5lo s
SaS L 05 ol sla SEETLPCR sty 55 adsl 285
35 VYARDD Jsb 4 Ll G et 5 plowil Sliack PRU o 5
Jaaedy 3 Gl 35 i (Sl oS enls OLES 0T ase)
5 o S b Al el eaa 2S1y L PIETL2
sbl Jskie A5 ool b 15 0k 0418 JI5 s
el b s S Lboer So 3l glibd S
G 5 Ol 4 5 03l PCR Jlgze (2515 55 b jesl 5K
LU odal oyl olal S ey o) 58T J3
Sl b s ol s olul Yeenglul clale s s s 4
axs (d-) K3) ws Jl gl bioneer oS 5 4 g sl
S L VT 4 GGA 51T ol 3 DS 1S S sl LS
Lo oier 5l b s U3 Iy 55 amulis .ol 035 x5 GCC
(https://www.ebi.ac.uk/Tools/msa/muscle) Muscle | sl e s
0.Csb @) JSE) 55 AN ab s g sbl edis b
3 sa 5 (35S:EPSPS) al olul 3 EPSPS o5 Jlsl st
PPZPY122 LS L dadl S 2 LS 4 (35S:epsps)
sl 5 o5l pdan JUSIy o past (pan 534S LS e3linal
S (8) UKD As ey 58T U5 s Of amd el

L eyl s ol el gladend S Ensls At

WAV sl 3 5l /1 o5bocdh /i 093 [ g (] § Sl gusiien -



OLar 5 50 a8 e i ) 5 OIS 28T

HindIII EcoRI

Smal Xbal

C—
-~
-
—

-
—...

G © ] © Cc©]|Aa © G

Ala Ala Thr

1100bp
—

(s OFEPSPS « i, CamV35S ¢ il 5 T o lolir & Cuoslie 05 GMR iy P i 5,0 LB PPZPY122 dadly 0 by o T-DNA 4> @ - K2
b e bl 3l dn b I8 e 51 (25 (€ .50 ,3) AT DS i b oaeb EPSPS 05 51 by JI5 4 5l s (0 .ol 5,4 RB 5le 5 Nos T
oo an SS 4 ol (@ s 05 S () PIUSYebp Sl (M. SO i, LEPSPS 05 s labas ol her (@ (o ,3) 41 (VT (el
b & T-DNA 0T ;5 &8 JB dead (¥ oo T-DNA axkas 5 Gois 0 40 by o YFALDD WL 45 cCoda 05 (g3l duedy (1 5 Plusyebp Slis (M

el o 1 gy 5T a2 I )V rbD

Figure 1- a) T- DNA casset of pPZPY122 plasmid, LB; Left border, P; promoter, GmR; gentamicin resistance gene, T; Terminator, CamV/35S promoter,
EPSPS gene, Nos T; nos terminator, RB; right border. b) Part of native EPSPS sequence performed by specifying glycine 96 (red). c) Part of mutant sequence
by identifying the alanine 96 (red). d) A single-tube method used for mutagenesis. M) Ladder, 1) Target gene. €) Double digest reaction. M) Ladder; (1)
Plasmid containing target gene, which is 2384 bp for target gene plus T-DNA fragment, 2) An empty plasmid which 1100 bp in T-DNA fragment.
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Figure 2- Selective medium containing 100 mg/l gentamicin. A) Control plants were completely yellow, B) Plants containing 35S:EPSPS gene; and C) Plants
containing epsps gene. The population of none transgenic ones indicated by arrow. D) 100% of control plants turn yellow, wherese others were green. Mutant
plants had more green color than overexpressed ones.
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Figure 3 - Examination of four-month plants in a selective liquid medium containing glyphosate. Three days after treatment with herbicide. A) Control; B)
overexpressed plants; and ¢) Mutant plants. D) Same plants in a selective medium containing glyphosate. The epsps plants had a higher green compared to the
35S:EPSPS plants. The control plants get completely yellow.
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Figure 4- Evaluation of T, plants in a solid selective medium containing gentamicin. A) Control plants; B) Plants containing 35S:EPSPS; and C) Plants

containing EPSPS. D) Evaluation of T, plants in a solid selective medium containing gentamicin. The epsps plants had more green than others. E)
Examination of T, plants by PCR reaction. M) Ladder, 1 and 2) epsps plant, 3 to 5) 35S:EPSPS plants, 6) positive and 7) negative control.
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Abstract

The most effective way to produce a plant resistant to glyphosate is manipulation of EPSPS enzyme in
order to reduce its affinity to this herbicide. It is one of the vital enzymes in the shikimate pathway, which
Is responsible for producing aromatic amino acids and various secondary metabolites in plants and
bacteria. Without an active enzyme, the organism will not be able to survive. In the present study, one of
the important domains in the EPSPS enzyme was modified by site-directed mutagenesis using mega-
primer method and one tube approach. Glycine in position 96 was modified to Alanine which was sub-
cloned along with the wild-type gene into pPZPY122 plant binary vector. Hashemi cultivar of rice (Oryza
sativa) was used for transformation using EHAL05 strain of Agrobacterium tumefaciens by in planta
method. T transgenic plants separately were evaluated to resistance to the gentamicin and glyphosate.
Also, positive gene expression was confirmed by Quantitative PCR. Therefore, based on the results, these
plants showed significantly a high degree of resistance to the herbicide.
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