VA0 [l NV o)l fatio Jlo /el plalS ol aslisags,

b b o 5 (S pole siS2S
u‘“)) QLMJ el aslizagy,

(MDHAR) ;LS 33, &l ygSawl g 50up0gig0 o35 (Sailoygdilgm U551 9 Soudols
(Nicotina tobacum) (g3 g oLS" 53 o3| et (owi 2 9 dlygid g9yl oL o

B Slowkw pledl 3 " S ud s Ol 30 & IS Sliwads e To0l) Caomi (Laily B (! Swzmo 00l
(azadehmohseni 34@yah00.coMm : Jggus odins 53) wdgivn (gwss 8 olXiils «(5 55 (ggzeiils )
Sl sk o 5 (559l pole olRils ol ¥
ol (pliw ;o (GABIT) (55,5LiS (5,5l Cans ) 5 il (g0aSidgh «§ 550 (seeiils ¢ JLolinl -0 4 ¥

S ol8iils (g 2SS (ggmils -F
AFANY 1oy )b AF/VIVY redl o )b

onSz

23 ol gilin QYS9 o o5 Conl gllan Ll (105 ooy b odijped Jalge (2 yimten Sl Ko S o9
SS90y wlygSwlyyamdigige 00,5 o0 (ROS) Jld eS| adigs glgil udgi Giulpdl alo 5 (LS ool
Sl (Sussleol Gl o Cawl OlbysSul-ailsh e 0 gulS gl T I So (MDHAR)
319381 Cadglle obS 5l 5LT90) sl giamogise m T polo Gakd )0 0400 sugs 1) WlyaSuulg aunogige
b ok ol (gl g .o ool JUS! ygigi ol &y 9 w05 (gilwailues g (gilwlos « o Lwlls (Aeluropus littoralis) () yesd
ssbiie 4y g ST 9500 (5 (19 RT-PCR (g b g (2 1sb cwlio (b youlyy (NCBI ol 59 (o yiws 53 Gledlbl & 4z g
w093 gl obS 4y JUil jakiso &1 (s b (g3 Lwailioed (DHS) (o561 (6555 (39,9 PTZSTRIT 15353 35 (b JIgf
4 35 MDHAR 5 JIg pGreen0029 by J5U 43355 595l i 9 yigogy GLdl 51wy .90 ,5 miST jlyeuly T .50 pfu
4 0¥y Gilwc)l 6l g Wb o9kl i LBA4AN 0155 g 5iSy ST s sl 4 S i g0l 9 b 2,15 JBU ()
Tl 5! (s ol g 5T (59l (sl baazmo 53 oo (2133k (LS 31.c8 )5 51,8 ooliwl 3590 (F 5 Sy b9
Slgi ols ylis @il LS DNA L PCR (3030 .o plxil RT-PCR 3 PCR (glayg031 9 &b y5 & yg0 RNA s 9 DNA
Sy b 9l RT-PCR (5903 baasgi 53 (53 o2l yodamo (3t 9 00id 3,1 Syl 5 plalS’ sl Jghw 4 MDHAR (3
Cowd &1 (JIgi (Gl .Conl (g pal (o295 W8 g 5L Cix VFYF ol MDHAR (35 a5 013 (4LS (45 (595 (Siloyailgm
3 oo Taz GBMDHR 5lo b o5 o2 YU colids ,S5La o0y <SOb 5 oud cod BLS GWMDHAR y1lw by Jgi b souol
i 9 gyl 3BT .cllld 1) caalds (o yidion «(Sorghum bicolor) 5 yguw MDHAR U a5 0041 (sLuodsS (go0lgils lalSs
Q030 YAIY oo ylis gl JLsle owyp 3 9 00,5 WL 1) SDR g pyr-redoxin adge >lg5 9 (109 Jobw oy
D9 waSze 330 b Ly 593 )Ll do y3 VWIS g Ly g 05,95 ez slis Lo wuoys P/ (T g ylo slis L

pGreen0029 56 |y (399,907 (MDHAR) 5LS90, il ygSuwl g y0uddgign «Jlad s glodigs 1guuds glaojlg
c)ly oF

[ Downloaded from jch.sanru.ac.ir on 2026-02-13 ]

[ DOI: 10.18869/acadpub.jch.8.17.230 ]

b oieS] Jlb cloisF o sy S5 @
GroassS Lows L 5 e sba, K> a5 'ROS
503 50 1) (sote B Mg B o0 e (3 Ol 595!
Gl el anil asils cage p olF gl
o 3y ok e olS ged Jole g gelannS]
LROS 550 Jd oSl sladist  aJg
SeaSTpgm (H202) (9,000 STy plid (SLS 5
Jds 4 &5 sie (HO) LSy 000 JS50l) 4 (O
Qio.o 9 °'>9'~’ ].n.\a woj‘j )La.u.d sé‘)‘ uj)‘Sj‘ U"'“b
Ll ROS il o L5 sloJsles sl ool
2 sk rrb Saedslie ol Jpaxo oS
Sl S g 295 oS |n awdlyg,IS (6,05 e
g adgi (V0) 00,8 oo adgi 0ndy slopusS )l glail 5l
‘MLGA 03 p...‘a.,.) 6.]9]...» Sodudy S5 ROS e 1
Sl lys 4 glasT 2 Mlasl J cnl b
a8l Co8,b 5l i ROS pezd a5 005 6

doddo

o Slae ol ol Jolge Sl ouijet (slo i
Ll O 3l a8 walioe sled @ plez ol 5o Jgame
ol 4 &5 Sl e ble (e 598
e Jyaze 3 Sles alS 5 (55)0laS slaces)
G o) T doy VT s (YY) 005
e a5 G e nlply wibios 98 slac]
Al Seai 3B 2o (me) 50,5 hans 3l stz 5 HB
ey 05 slaSas 5l Sa gadee Al e ay S5
@l olS SUIsl (YY) Wl 3 50 bulyd o
&S sl 00l o 393 oamb oKl olral>
(855 097 Sl oblacl Lyl ph Jee lalS
aile gumogar ibls (V) Wgd Y glos g Sis
oo 0 b ojluee B 1) GlalS wsysh 4 Jood
WSN) G4 > g S by Ses oy adale 6l
LS eSS 1, 005

1- Reactive Oxygen Species


http://dx.doi.org/10.18869/acadpub.jcb.8.17.230
https://jcb.sanru.ac.ir/article-1-613-en.html

[ Downloaded from jch.sanru.ac.ir on 2026-02-13 ]

[ DOI: 10.18869/acadpub.jch.8.17.230 ]

Yy-

oS Cl C4 pudslie g9 5l oL ol jo jiiwgnd
5 v Sl ply 5o srtier spdy Slasl o
5 SUPpid Slogas axly olS al lpds
slp e Wlge & Sl Glatazpy (JoSUse
Sad W5 4 Cuglie apie 9 Wi slagyy oluliss
.))9.4: tSC‘)) uy’a?m .))SJ.o& C)Lo‘ 9 é% 6‘1‘.’
OF) 0,5 158 colaul

obul ;0 MDHAR o5l mge s 4 azg5 b
S L;,il 5 olS yo Cglaie b s 4 Jesu
ool oS 51 MDHAR 5 (gjlulae Sl
&’L‘:’ S S @ QT JEsl g edlyed
IR eip o3 OFF Joe oS 4 pGreen0029
St oo, Jod 3l o slajdbl s )3
2o g lgeysm 50 ool bl Ol ptd olaendsy 5
B B L e N L
oS 5l ead oz 03 il e Sl o (58
05 ol JES A g ab dalsd usg sl
saly> wal3 1) @n g poiS Jod 5l o)) s QoS
ol

g, g olge
oy ol pd g (BLS Slgo satd

@aibio 5l ool gyslaez usysydll oS sd
sglals jo (b ool ) (lbol sy,
VP) oo JypuS e kylid cow b ool
a0 VO sboo ()b el cutn o lidg, celu
sokaie 4 0l ools S (LVO Cogb, 5 ol 5 il
G4l po 4 G 5l g g 2 Lzl sl (Sl
S o e wiz wd g )lnl ailS9e ol b (5 99
oS Sy (Sr 9o sl 4 GLLS Ha,
2 05 GRNA glial i by syl oS
W08 6,1 ol )T il gaz 0 —A gleo
MDHAR (4 ilwlaz g yoalp (>0

e S8 S epl 4 4z g3 L ymly 2k jolite &
2 oonngll okS 4 bgiye MDHR (5 5l Jls
5 s dly w0 s cud Sledbl skeolL
Lol godlgils 51 MDHAR 5 & bgiye
g 08)S 3 o yem (1903] 9,50 CluStAIW (saals
0520 s yeslyy o Jlgi ol oo cblas gblis 5l
Jslwe 51 U5 RNA zlysal joliie 400 5 ()b
oolizal Jasdlygiws sllas (039,055 TRIZOL
L ooad gl RNA oS 5 cueS 5 ob
Lo g 9 gl VP zge Jsb )0 fegtdgiSonl
053 s Sen iy b eess 58T s ) eolicl
,9b 4 M-Mulv Reverse transcriptase o 5! L RNA

SS90, SbyeSly ammogise 0 (Suileysiilsn (2l 5 sl

o518, b Lol —galanaST gl o)l sl
oLS il 65,5 Jle sl el Jskes (Redox)
& oy «(6)90 (Sis aile lail (e 5
WAl e ool (UV) el @ gaxal (S
S s el Kb cleas 5 b iSe,is
ol (5 wo S LROS wly cugi L aly
4 692 jsb 4 g Wed Il piuwgid g laa ] DNA
e ) e gos ROS I oV gsh oS
LS‘}'." ..\NSGA oolawl leo..\.:.?;.ﬁ u‘w“sJ
L a1 o5l Lol e T il gl
35358 bl Bl gSul) ol JoSdge 039
SBgomadonSlhgn) e il (Js2eS5 5 a8dl
Osbigls ‘(Gluta}redoxins) O 90,15 YL
2 2 Slampl s (Koo slajlanSly g slansTy
GES93,  09bgl)  0gligf -yl ez
CAPX) Sy olbySul  (GR)
3 (MDHAR) SS90, QLg)BS...;ij).\,t.mays,o
ol o il o OHAR) LS ss ol sty amms
6 ol ndl w3155 b w3l Ky MDHAR (s
Syee 4 a5 (VANY) cwl (FAD) sudelSs
5 @S (V) Sds)ls slags]
& (MDHA) &b,y ,amogise oy MDHAR
Jos (polaizl jlu Col @31 cnl 09,5501 goindy
Sl 09yl slaoarisy NADPH s NADH .S s
MDHAR 5.1 Jl> wigh oo gmime mizl ool
oS g8 adss 5L (VYY) wes o > 5 |, NADH
slslSo il oSl a0 olyeSl sasil
w5l s MDHAR 5,5 oo alsil au3il ol Lawss
Olsie 4 JI K], 5l a8 sl ghasaslis
51 Poaceae (g0, slacl a8 o ooliiwl g
Glafm L;L:bui‘..z.'f O ﬁsLﬁ.c QL:bLS ‘Lbé‘A?J& &80,
6‘4.:9? L)AAAJ‘)}MJ U"’yj)ﬁﬂ aL:.f (\f) Sloads axsld
Sy a5 sl | Colls ol a5 sl 05 ol & (slae
4 (SiPeSSam sbadly Glp (S5 se e
=hy mee QLS 5 6558 4 Cuglie S5 Holaie
sS.: ol.:f U"‘ o,..‘a’ )‘)3 oolarul Oy90 Ty 9 'm.\.lf J.m
5 ol paiS o3 higlinss 5l s wix cudglla
SaS g 98 Bblie g laclope ;0 58 dile D90 4
Sokus e ol emall S oo wd,
YEYMb sga,0 o] sojlail a5 el (2n=2X=14)
308 ol 31 1) i ol o oSl (YY) il e
Gl Gopd iy (nl g oS by g)b 4 (S
qu‘ » °9)L° A..Sso J—°-'>U tS’P A duoyo g_il @‘a.w

1- Invitrogen


http://dx.doi.org/10.18869/acadpub.jcb.8.17.230
https://jcb.sanru.ac.ir/article-1-613-en.html

[ Downloaded from jch.sanru.ac.ir on 2026-02-13 ]

[ DOI: 10.18869/acadpub.jch.8.17.230 ]

vy

as 350 allaz job 4 Smal T L 1S58
BNV RGO VR PP CER W C o S g T NS
Cewd a4y he lsls Hozee 5 35S cllS pan
L allo> ,9b 4 pGreen Jlo J3U pan 5l ool
5 69, 5l oy o558 sileals cuS 5l eolil
L 0029 5 355 Jlail iiSTly .aings,5 slu alls
ol, 5 (pGreen0029 4 35S) \ 4 ¥V cos cule,
Syge JSAS olildy jpa> 5 TALigase o5l
3 poghedl g sl STy Lol §) 85
& DH50 saype E.COlI 625 aains slo sk
ol 0029 j3 355 jsix 5l luabl jsliie
Lume o ond o525 by sl 5l ead gl sl
b e ommalablS 5 ks gl Seigr 51 3l A
)b 355 gl> 0029 I3l was aeae Smal o3l
mad MDHAR (5 55,9 sl Smal il L Ko
1ol U a3l b iS5 5l oy 55500 ()5 5 005
090 4 2SS o oldl el cobB slils lie sl
Sl BU sosle gl wendly a5 Gl J86
» Ecoli g, 5L ;I pGreen:35:MDHAR
ool anli jslaie 4 ot gl el LIS
plxl PCR STy 05 (oolaisl sla el b S g
&Ll o obS Gile cel Gl ws
LBA4404 4,9 Agrobacterium tumefaciens
o ola sl pGreen J3U gojle Ly 3 colazul
L pSoup lal cplpls .o,ls pSoup SeS™ 36 4, LS
@ (0 slexl 5 09d Ggemloysdudls )
S & Sl G 08 Jie pg 1S S
495l ¥ 9 ;99909 9 MDHAR pGreen0029  soo!
AL 4 sbeal 5 093 Gamaleygdusl i g, L 35S
LBA4404 54 5. Agrobacterium tumefaciens
09 4 ojle JBl 5l e el eols Jll
S5 oo 53 (el sinil Jpama o 7Sby 5]
iy SSGgm Sl g LB (ssl> sl
b sl b e 00,08 (o lSGLul 5 5 e LaUlS
09 & 0 399 b pslaie 0sd JSa5 pglde
5l ed)S o5 Colony PCR(y5051 pss iS5
oslainl gy oS il ln oS58 sl Sdls
RV S
OF F gl yghudl i

bLee )3 oad 28 Goaals o8) gy olS
o) @ il ln (MS) Sl -l jee cuis
MS Lusee ;5 il ) ey 5 o Sl 5 S
BA (i )3 o5 e +/V) NAA (slagge 90 (sl
Seigmsl 5 BS Gmelig G2 ) a5 ke V)
eSbyh 5 G 5 pySiken Vo) s

VA0 [l NV o)l fatio Jlo /el plalS ol aslisags,

4d CONA - sladth ) ST 5 b (omagdy) woSae
250l wx> s a5 > YO L RT-PCR STy aus )5
S5 o 5 JsesSy 00« ;S5 CONA 1pl Jolss a5
PCR- dNTP 200pM .5 colais! slo el
2,5 & ygo e 2.5 UNI 51 els DNA 4 1x buffer
b s slohiz waoys S 5T J5 50 PCR Jyans
Rche ) PCR Jgams sjloals oSl oolizul
2 g5leoals J5 s, 51 (USA
MDHAR J1g5 oyt 3 (5 3lwailwpd

559 09 PCR O geadalle Jyamxe
Jodlgiws  glae  jlies oS,5 PTZSTRIT
049y b eS8 whe Gbosls wb gleailaes
Sgmsil gl e p3 ol fasie 5Ly
L PCR galss 4 X-gal o IPTG AMP 70mg/I
ool owas awl o olas! ey
O sy Sopele Jeallgus
5 85 Sppe el gl oS g ks
o, (Bioneer) , gl 5,5 lawg DNA L Jls
235 )90 MIB (cages sloyenln b sl 99 52 50
MDHAR 5 (Sailoghilgn (o)

5 45 NCBI Sledbl oL 5 b Jlg sals
BLASTN Gy b 5l alie slaJls5 o538k sl st
o e-value g YL sLesl b JIg Y8 cd 5 o g0
@00 Adix 0,ee SeS 4 g il bkl
e O Gl Segskd S0 e 5 G
clo s ety J5 s
A8 Aoy piigy 4 insilico.ehu.es/translate
o8l sl wdal  Caws 4 Sxim JlE o
e n Gy b Blastp wliv oy sle Jls
oeeid gl debifstructure/cdd ol 0
TMHMM l53la 5 5 .035,5 5JUT Jlaxs] slagyees
O3y dS eslaiel plas o (2ly 8L ol
2 0l Ikl oy 5 S pSllsl galadi ( J5SUse
A8 dwle @xpasy/protparam colu
St JBL gojlw g 3woslel

Sle Uit 5 MDHAR o5 Jusl sl
Oladd a4 azg L o8 eolatwl pGreen0029
&3> 358 (o5l )55 e JAU_P 05l 5 55ises 0
Seodly gl ol Gl Gl 4 sgilae 5 g 559909
pGreen0029 J5b (s5l> dronsdls 535S conlS (s5l>
b (59, ot JSas Ecoli 6,50 slagsls
ko ool G Ssgm T gol> Sl by S
pGreen0029 5L (sly yumslobls” § 35S culs” (sl
Sl 53 52 kS SIS oy 285 Djpe
) LS50 55 358 wedly oo G 5T 5 s,
0029 sewdly 5 ECORV (0 51 L (55l a5 jshate


http://dx.doi.org/10.18869/acadpub.jcb.8.17.230
https://jcb.sanru.ac.ir/article-1-613-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-13 ]

[ DOI: 10.18869/acadpub.jcb.8.17.230 ]

Yy

5leads CI?NA L PCR Jyame a5 clls 3429
JSo) 0,5 0l |y &b cpl 0939 5,51 J5 ,0 RNA
sosbe 090 MDHAR (5 5lagsls 51 (m ()
yokie 4y (b Jlg Gaa L PTZ57RIT gjluailues
o5 sleymln Sl osle 5,0 0F Heam 5l plebl
L &S o8 colanwl PCR STy plxl gl M3
Skl 4 Soop (gl pln ol Ak 4 4z g
ol Jsb & 055085 Yoo oS 2dy e i ol
VY L el b el wle ddlsl Jlg
askad b g (Y JS8) ol oo onnline ubilS e
M13 WS).: 9 A.«.‘)) (_gLa:).‘o.)‘).» )| sslazul L: o0 Q915
Wyl jgax giluailuge 86 3 o ol g oS
sl Jlg wyae g S oobnl ¢ly 285 O jse
Wlageen (ly plulid joliie 4 Sy o 9,
50 Sglaie sloasglSel s ol 4 asal BLAST
v & dxxlio b aS Wo 8 asie g g0
@ e 5 patie So b sloasgilss abs e
bocalys oo bl o sladselSy lgie
T %% 4 e, sl 5 lazl o5 Ll
Jol5 g5 el Cowss @y oss b JIg5 (sankad JalS
@Lu odpline a5 ol wwdl NCBI cols o bbaze

2,5 0l 1) Sl 0550 gaxkd oo b I o]

SS90, SbyeSly ammogise 0 (Suileysiilsn (2l 5 sl

@k LS b esls 13 (2 e p S hee YO
e (590798 9 a2 Lanze a4 laze (ol )3 00
RNA G‘)é‘:"“" &l oz o ‘;lSM))‘MAJM
Lo o 4l ab, oblS .aas obl DNA
Dbl (g couly Jlinl b Sse sl sl
LR
g sz 9 21550

e il e yo adl o, LS
05 32> b sln g ead Jie S ljasy,
oL Ken 5 By5¥s s, b DNA zl 5l MDHAR
slyoln b PCR LSl G 285 &j50 (A)
adsl Ole wnl jshaie 4 ab el o (polais
L ol oblS 5 RNA zl5cul MDHAR
CDNA s | oy 5 285 g0 Jsnls Byme
s plal 5 solazs] gl yoglyy L RT-PCR tuSTy
330 20,3 ) 5,81 J5 (55, PCR Jpams 93 12 (s
518 [Cad¥g

03 Giwailued 9 gjlwlos
Gly o oo p S a4 slalg o285 L s b
odlgls LS I MDHAR (5 5l el o>lb
o...,;..lfy VYYS 6")""‘3‘ L 6"\5[‘. S9>9 )M‘ ‘A.....al;

<— \...bp

o« -bp

LPCR Jyame Y 5 Y o,les Sl MDHAR (sl yos) s 5 sa5ys)T oS 5l o laz RNA 51 Lol CDNA L PCR -\ S
G950 339 555k ¥ g ) gojleds Salzams o lid ] 5l cdx VIYF sg0> wih oS wll e 59530 () slo el
. (SM 0333, Fermentas)

..bp

..bp

Sy ] 53l sla e (53, 45 S 33 sl Ji L o il s E. Coli- Colony POR c¥game 555,50 -¥ IS
b)Lo.iu 6&&&5 Lo 50 \ ))lfTJ) K9y &O‘QMW$5155JJQ;M)X-ga| 5|PTGsu.~L:.~u‘5¢AT
Yo 50000 goylads slocSaly NPYS Wil gl)ls M3 sgar yosly b o o ygiuil s sl sl VA 5 15 FF BN ND
(SMO333 Fermentas) JsSlge 55 ,5 ko


http://dx.doi.org/10.18869/acadpub.jcb.8.17.230
https://jcb.sanru.ac.ir/article-1-613-en.html

Yyy

MDHAR ;5 saigslSs Jls ;o (SDR) ;LS'so,
7 OoBn u?“-lﬁ-"t‘ Sl (o) n an olulis
AN H) W g le Sbsle aoys VA 5l Sl
Qo \YF 5 (B) Ly g00,55 ez Jlizle wsyo
g a5 ol (T) LusSas 590 b Ly a0 )Ll
Jobo 30 ol (s n Cusdse pesd sl MDHAR
97y ol G (Pl 5 Pz 05 enl ol s
o 5 elie Bl (2lg 0 ol oS w90l
S ySlsnl gakaii g (JsSse 039 0l 8 olis
0ads 0djcmess AFF o DVVOVIY S5 & (g p
0dds dmsls YVAF 55 o1 (6)lubl caps ol

VWA Sl Y oyl fpzia Jlo /ol LS oMol aclitmgsy

Siloyghilgn (o) 2
o> g5 MDHAR (55 Jly spilSi (om0
ST 5908 b el 05gstlSss VYR Glyls o5 cpl &S
OY/FE o1 AT Glgime UGA LL 908 3 ATG
Oezed el sy YVRF GC glyize g woyo
plo U MDHAR 5 sxfigpn 9 sauisilSe cusdl
30 05 ol celld iy wiwl 5 soolsils LS
(Sorghum bicolor) sg5 5 oLS s 1, wgrg,4)l oLS
Sl lei oo 65855 Heb 4 (Y ) canl ools oyl
Aol FYA L igy 0,5 oS 4,0l 5 cpl cls

(Say 5 Slbimes owyp b Bl are]

[ Downloaded from jch.sanru.ac.ir on 2026-02-13 ]

Ew ghnSladlawed  —pduym aielSy glawes
13059 0000 oligS (so,mz0y g (Pyr-redox) ;LSgs,
* Fragatia vesca subsp. vesca
" Vitis vinifera
4 Ricinus communis
*# Populus trichocarpa
“ Theobroma cacao
Cicer arietinum
LCIlC‘IJ.l’I'IE sativus
B LCm:unm sativus
J * Solanum lyeor
# Oryza sativa Japonica Group
Hordeum vulgare subsp. vilgare
ﬂjﬁm aestivam
Aegilops tauschii
——— Brachypodium distachyon
@ Setaria italica
—4 # Brachypodium distachyon
¥ Sorghum bicolor

EZ& mays
Zea mays
| 0.04 |

A 9,901 bS50 o5 cnl caliss o iy (goaimslis o (ol MDHAR swlgiel Jlg  Seasssld oo Y S
| r:}f)}u OLS

VEY?P gojlul L gailb Colony-PCR - iaSTg Green:35sMDHAR Sy J8U 05w (5 3lwoslel

[ DOI: 10.18869/acadpub.jch.8.17.230 ]

05 el (85 ks 5o b oS wd caalie wiglSy
(F USS) a0 8wl ol (9,0 ol jea> MDHAR
Blo sl sl Sl 86 4 o3 sbdl 4 azgs b
sl 5 fgagn S 3 Ml oo Sl
ol 45 w0 S o sl b 5 il S @
il b el ar el S 4
@ Al b .cd S & po Hindll o Sacl slag 31
Sloys shls sl Sacl w3l 5y ol
S5 50 a5 Wogy LAl 5 50 OFF 5 OFA VYV FAY -
US40 a5 jebilen il ce comlin BB Y

s9leey g 5igegn w86 pGreen0029  J8L

5 Fseon O 4wl nlale (F U2 wsli
ogliess g Foegn ilulaz 09t Gl jgilie s
b 85 Oeo sshiie cpay (B JSE) 35S cuuls
Jisle EcorV a5l ool> 0 35S sojle ean
U ean b ol cagslSy SVY s
ol oas s o o SMal o531 L pGreen0029
GaSelS 8 PVY (s jlSbe 5959 sl soil> JBU
3l b Al 2S5 5 o6 (lwoolel Sl g 0 S
plxl b o bl o5le 9, 4 5lyesdy Tyl o pfu

1- Transe Membrane


http://dx.doi.org/10.18869/acadpub.jcb.8.17.230
https://jcb.sanru.ac.ir/article-1-613-en.html

[ Downloaded from jch.sanru.ac.ir on 2026-02-13 ]

[ DOI: 10.18869/acadpub.jch.8.17.230 ]

YyYf

ax g5 b Lol ol samline Wb g0 L ,la5 )50 Wil aws
05 xSy 8 o b o s AYY Wil &Sl o
b 05 085 )R e Ul el ssalie S

(=Y US5) 090 00l

Ol (<020) -~

nos lkan

SS90, SbyeSly ammogise 0 (Suileysiilsn (2l 5 sl

oo g0 (JoSge (39 ombe Wb S0 ovaliv
Sl sloaily Sliges cde 4 a5 Wil oo puis
SlIs bl HindI o 5T L ool OFA 5 055 (56
S a».\.ib}_:so )Ua.u‘ Sy90 Y& 9 ary &H-ve QSL“Q)B

el (52
—Sadl (704}
Seul (2E1)

ol (1035

L 2okol (1045)
b =an 05
Chal (11
AHwnclll [1057)

4
T RRE i Vs (1075
! cold =
pGreen 00zZ9 e % Sl (107

SH LR alH+) b— st 1)

Puul (2733) —

4G22 bp

EarnHl (1097
b coel (1703
E—oa 1109

RD B ivorl (1113

o \ - Sacl (1123

Py H.:'.\r': 111:-1)
o W sl (1548
Hell (1597

SaetlS s Jlgs po Smal e 5T ool )3 ¢ jgilin s g Sgegn 9959 9 o8 b (sl pGreen 0029 JLu JL -F s
Q0.5 aan) cAY

EcoR ¥ {1}

2358 promoter

MHiadII (411)
Xhal (417)
RamHl (423)
Sl (431)
Sacl (439)
EcoRl (441)

EcoR W (G72)

_alMy polva,

w..é.b Canls 90 O EcorV LS.N)J] ol.ill? 3o ‘pGreen0029 JSL 4 99,9 6‘)" )94L.~4)J 9 )"3"°9)J Lgl)Lb 35s cls -0 JS...»
298 skl hs LSLs MDHAR 5 8555 51 U 0o )5 pas Smal oll> o Sl B o 6,5 )18 5lam g 008

\...bp

O« -bp

Sal>. MDHAR (5 solaiz! gla ol b obusl ciS lase 10 0ads LS5 polie sla g5lS L PCR- ggls - IS

50 (339 5 le # g0l Salz adly o Jais 50 ()5 2SS (goaimailis wigtlS g VEYE 55 Gl Y go les
(SM 0333 Fermentas)


http://dx.doi.org/10.18869/acadpub.jcb.8.17.230
https://jcb.sanru.ac.ir/article-1-613-en.html

[ Downloaded from jch.sanru.ac.ir on 2026-02-13 ]

[ DOI: 10.18869/acadpub.jch.8.17.230 ]

YYo

<
0 oo § 56l p 9l ekate 4 (0) Hindil o (W) Sacl 51 L pGreen0029 by 36 (sojlo poan -V S
o3ks 5,0 MDHAR
(SMO333,  JsSg0 39 ,5 ke ¥ (g0 ks Salx 9S8l w51 b son 3l pin 5l Jool> slail V (go,los Salz wall S
Sal> o JSM.\,.,L,GA ? c g0 Huobe b ol St clde DFF 5 OFA (59 Iyl slaasl Slig e Fermentas)
Hindl o 31 b g 53] pan 5l Jol> L Y (g0 Lot Sal> 4 (SMO333, Fermentas)  JsSdgo (455 ,5 )b V (s0,los

e olS g vl g MDHAR (5 i
305 Glopaad anl gl (A JS) wsbe
CDNA  sdiges L PCR Jgpame «iu,ls olals
J5 50 cuyly olS 5l 25t RNA 5l oot i
50 0,50 cnl 50 8T J1E sy 0yse do o ) 5T
°L~f§ o “\"L’ u‘“—" 9 “\‘453-159-’ VFYe 09 L> a.\ab el
ol Jsl i jo o5 saddl ple sailas sals

(A USS) wll oo el

VW0 Hlee VY o)les fpin Jlo /2l olalS dlol aslicngs,
1 2

\A%4

OFA o 055

<l

(Nicotiana tabacum) (yei a5 oL ygunlo y gl ¥
5P oS 09 4 Gl sele 2955 5l ey
O e Swlb pshie 4wl okl bls
5 @ik S )3 ol 3,90 MDHAR
s3a> (Jeslge wanl jshaie 4 (JeSse slo i
21,5 DNA caigoi s PCR Jyams MDHAR 5
Syg0 oy S 5T 5 0 e plals 5l e
2 52 lS G VEYF (5 L ail 0929 28,5 )18 )
olid wald oS jo Wb jeax pacy coiie oL

oL5 ) o leds Sals MDHAR 5 il o35 b (llas VFYS P il (sosslie L MDHAR (5 s> anl A JSo
5 (SMO333, Fermentas) JsSse )5 ,5 5t ¥ (g6 lods Sl (e J755)05 8 dmonidly o (50,Leds Saals by 1 5
(bt Jy5) wals ol F g0 las Sal>

< +bp

..bp


http://dx.doi.org/10.18869/acadpub.jcb.8.17.230
https://jcb.sanru.ac.ir/article-1-613-en.html

[ Downloaded from jch.sanru.ac.ir on 2026-02-13 ]

[ DOI: 10.18869/acadpub.jch.8.17.230 ]

YyY#s

SS90, SbyeSly ammogise 0 (Suileysiilsn (2l 5 sl

\...bp

<+ O--bp

Sal> MDHAR (5 aib ¢59 b gllas VEYFP bp wil gouwlin L (RT-PCR L MDHAR 5 (sadsl Lo ML -1 s
9 (Lo J)J) 05 6‘)“3 Soows )L Y L;a)Lo..i': J&b ‘C;éq)l)i oS .Y Lgo)LoJ: L&Qb (o J=5) ol oS ) 60, Loy
(SMO333, Fermentas)  Jsseo 59 ,5 )b ¥ (s0,leds Sal>

Slagy boogS cnl wlin ganadss gomimoplis
oS )0 05 ol celd op iy el (Jgwgion
(/.A) (Sorghum bicolor) ¢o gm oS 4 wss,sll
(Zea Mays) &0 b cudfdy e g9 Cawl o0y
a5 g (JAF) (Oreyza sativa) g, (LAA)
ol |y calds (p yiian (LAD) (Triticum aestivum)
bl a8 Sileysailan syl ol ool
O 0 Ol (e 09ed (S JUee N (g
odgl gaSeh slad o i g ailoe (plid
Gy S Sy N (Sl s 5 5o I3
55 el EpSye 5 CudhylS sl
03silS s s Sl (pmes g5 95 l,ls MDHAR
5 (Pyr-redox) 5LSgs,goenSladlomss  ~udim
(SDR) LS9, /3L3g,0em0 obsS g0y (eed
Sy 5l a4l 90,0 pyr-redox e obb e
5 aol el wS 5 sasslsy
¥ 5o N saml 5 YR U AT cusgilsys
e godlgls cwl VO L VY suselSy
gl g1 5L 90 50,81 WS 90 12 Jolis pyr-redox
5 Ablbee STy g slanST NADH oo
Loonigd il S5 Geed S Jold e 00l &l
a8 18 5538, m med 9,0 a5 cwwl NADH
15 SDR (pes S oo i Jlasl FAD L a8 ol
)5 MDHAR 55 OAY b YV cuselSes g
3590 ,00unST (goolgils 51 el ol a8 F
shilo gl goliail e G S sl onls Bide
L Lo /Wl (55,536 o) oo cbila> 505,450
s4>b g NAD(PH 4>l (555 o slo Olrio
ibge JisoyiC
S MDHAR o5 Jasl oSl ol gaios o
3 Ogl 13, 5595 olS 4y el ] wsysslT oL

oo S el olS g g 0l (b ok
5 o as Sl (5590 dile glaie ‘_,’_la.om o i
don g SIS (2l 0 (65,0l Llel oM
o 04 € g ond) gl i (V) adl e S
oS 5 S0l ol gezs 0,5 0 ROS ag
loasd il Jsho glite il 4 o]
4 ROS 3sai 5 b g5lesSy LUl 00,5 oo
e sl Jslo Sloni ggite glaptan (sabs
Aoz 5l Folae oS S8l sl 3l (bl .cwl
Els5asl — 555365l b 4 gl > o |, MDHAR
ST 5T s 50 APX 3 Slas o IS &
salinaST il ol el oad aslis _alS
byl mdgige 4 b has slp 1) b)sSal
b O3asded aeaSly (oo Sl il b S (oo 5JUIS
5 350 O 5l SlysSl -l a3 Gk
4 APX 5ls 9 50 OljeSwl as b ol 4l
S i g opl 4 08 o0 ool MDHAR o 5 S5
5 aS o Lol lbySol a4 |, MDA o3l ol
APX Lesl o e miSUl goims laie 4 b, oS
g oSl Gl B ly nSe
ibss 4 MDA I (ASA) el S5l
ASA Jlaie Wb o)lsa 5 Cesl mge sl MDHAR
50 £ b Jol ASA jea> .ol DHA I ey
0F) ab o ROS G 5o 5l il
wois~Sln > MDHAR (5 obls s
Jomgiom 5 G puSgie (Cedbig S pgrnST IS
Sl dad 5 05 ol WS e ol a5 el o 2l
S 5 05 ol g (V) sl pie sk
Gazye oS ol glad Kos lalS G5 b eggyyl]
looeSon 51 oM ol om0 eedigeish 5 2V
MDHAR 5 Sijsked slojullil 05 oo oanlis


http://dx.doi.org/10.18869/acadpub.jcb.8.17.230
https://jcb.sanru.ac.ir/article-1-613-en.html

[ Downloaded from jch.sanru.ac.ir on 2026-02-13 ]

[ DOI: 10.18869/acadpub.jch.8.17.230 ]

Yyv

g wlosls )3 obs)l oyse A Ll il jo Sl s
;3 MDHAR Jluin p some o0 Ols)l5S
A (o) o o5 9d aaz 5l Dglaie glo s
sl Gl s 85 0 5 IS aSuile
3 Sl Oldllas wlos 57 &l (0§ o glans]
MDHAR 45 ol o0ls o)Lt LS goiio slawiss
dsb 3 @bysSee 5 Mg lS ((Jsmgten
eRlB Oype A dope (A s s
OBl o 0)lge i ;0 Wl o 45 39 g0 s
cligiss mls (FAFVYAIEY) 05,5 olS fass
3 MDHAR Jlojin a5 ol ools lad alize
N PEG (5,55 3l 4 Jomd a3 cows LS
Oy Jeo g Lo hals 5 il Jeos g (V)
) S5 iz ed sl 0 (FOXFYA) (MV)
5 DHAR loibe sesoe olid o5 cusl oud
0 ASA e Lialil L Jswsies 5 MDHAR
ad oo il 1y gyeh iS5 4 Jesw DHA
rl Slergier DR 500 S prnogid (e (Al
15 55 ASA (dlyime (YR -OTNY) wilo ool
S b ol eyl ol el i
s b s olid Slas 5 (FEY-AYN )
OF) aly o LialS (55 dlox 31 Sglio
2058 Sl pblS Jdod g a5 o
slcaws b )b i bl 0 (T1) pgo Jus
SISl pizen 5 Ol Ole 0 e
salg> 135 2l s G 9,50 Sl lalS

S10y98 g Sl

5 SeBy eaSiagh (Jb olex b pol> sbsd
O b el byl (65,0laST (6 )sld e
S ol QLS 5 oaSlamghy p e Culy, 5l akewg
g g0 ;S dilosans

VA0 [l NV o)l fptio Jlo /el plals ol aslisags,

25,5 18 aslllas 5,50 PGreen0029 Ly J3b s,k
SoolS e (25 0) S ole slp ol
5 b Fgegn Sl eslitul b oo Slo e
S iy Sl (65970 Vb Olo Sl oo g Ll
woskhe 05 9 Jelse plo LS )3 Seegn (b o
Foagn () 035 oo lopusdl ) 3 Shoe (A3 s
2 09y Ol sl CAMV 358wl (5l 5 558
S50 JoS il o)z sbie 4y il (ol
Sl 5 1 s sl Lol el a8 515 oolanl
S 85 ergisy 5556 pshie ol o5 o5 ol
g M) oAb WS o WS oo Sodlad 5 Ll b
olple 935 e 0 Heels Gk Sl olS s
Lulpd cov ) oufsn Ol &5 Sgegn jl eolinal
(V8) Sl Jomlio S o Su 5 | )15 Jalgs
ol 50 eal w0y I8 4 pGreen 0029 L. 3L
2 1ol eolaiwl a8 cusl Sleogas sl)ls Gabos
J& 0 4 a2y b ojluoe glhas (JoSdge Dlids
4 SasS ol b ailSgs sl il odsi o o,
2 gloglal o 5 ol oy JUl Gl Gaal38jsline
195909, W38 pGreen 3L .os b £/ Kb sgu>
OF ey iz Ol (alply oo ysilieyi s
s>l 0 Gy mpl bl Gl Gl
500 5l 0085 e ol J(MCS) SseglsS sailfous
oL T Gllanil LB &y )l g0 JBU ) slo S
Sl glag; wasee el &5 Gl 4w S
(8single) ol yal googss a4 Hlulis ol bl
Bgd 3l o JHs a4 3 Kl> L g (double) obgs
pSoup 53 PGreen 36 oS cel ;S 4y o3Y .(V0)
3 gleaslen a4 0B (S 8L olgreq
slbe 0 5 (V) 29 walyss pg Sy S
YY) el JJagbl s Sy o]
sieSly ;2 MDHAR ()5 coeal & azgi L
9y 6ok olaioe (yiad Layll 0 oS 0 ROS
Slode 4 slasgS a4 ailoads S jeie wu il (pl cled
g <Suyly plalS o ) jSie of Glogie Wl

1- Exogenous

2- Multiple Cloning Site


http://dx.doi.org/10.18869/acadpub.jcb.8.17.230
https://jcb.sanru.ac.ir/article-1-613-en.html

[ Downloaded from jch.sanru.ac.ir on 2026-02-13 ]

[ DOI: 10.18869/acadpub.jch.8.17.230 ]

YYA SS90, SbyeSly ammogise 0 (Suileysiilsn (2l 5 sl

&lw

1. Ashraf, M. and N.A. Akram. 2009. Improving salinity tolerance of plants through conventional
breeding and genetic engineering: an analytical comparison. Biotechnology Advances, 27: 744-752.

2. Baek, K.H. and D.Z. Skinner. 2003. Alteration of antioxidant enzyme gene expression during cold
acclimation of nearisogenic wheat lines. Plant Science, 165: 1221-1227.

3. Barnes, J.D., Y. Zheng and T.M. Lyons. 2002. Plant resistance to ozone: the role of ascorbate. In: K.
Omasa, H. Sgji, S. Youssefian, N. Kondo (Eds.), Air Pollution and Plant Biotechnology. Springer,
Tokyo, pg: 235-254.

4. Bowler, C. and R. Fluhr. 2000. Therole of calcium and activated oxygenes as signals for controlling
cross-tolerance. Trends Plant Science, 5: 241-245.

5. Chen, H.,, RS Nelson and JL. Sherwood. 1994. Enhanced recovery of transformants of
ég‘{o(sb%teri um tumefaciens after freeze thaw transformation and drug selection. Biotechniques, 16:

6. Choi, S, O. Lee, S. Kwon, S. Kwak, D. Yu and H. Lee. 2003. High expression of a human lactoferrin
in transgenic tobacco cell cultures. Biotechnology L etters, 25: 213-218.

7. Dadlton, D., L. Baird, L. Langeberg, C. Taugher, W. Anyan, C. Vance and G. Sarath. 1993. Subcellular
localization of oxygen defense enzymes in soybean (Glycine max [L.]JMerr.) Root nodules. Plant
Physiology, 102: 481-489.

8. Dellaporta, S.L., J. wood and J.B. Hicks. 1983. PMB Reporter, 4: 19-21.

9. Eltayeb, A.E., N. Kawano and G.H. Badawi. 2006. Enhanced tolerance to ozone and drought stresses
in transgenic tobacco overexpressing deh&/droascorbate reductase in cytosol. Physiology Plant 127
57e65Dellaporta, S.L.J. wood and J.B. Hicks. 1983. PMB Reporter, 4: 19-21.

10. Eltayeb, A.E., N. Kawano, G.H. Badawi, H. Kaminaka, T. Sanekata, T. Shibahara, S. Inanaga and K.
Tanaka. 2007. Overexpression of monodehydroascorbate reductase in transgenic tobacco confers

enhanced tolerance to ozone, salt and polyethylene glycol stresses Planta, 225: 1255-1264.

11.Eltelib, H.A., A.A. Badejo, Y. Fujikewa and M. Esaka. 2011. Gene expression of
monodehydroascorbate reductase and dehydroascorbate reductase during fruit ripening and in
%el%)%rés?e to environmental stresses in acerola (Malpighia glabra). Journa of Plant Physiology, 168:

12. Eltelib, H.A., Y. FUjikawa and M. Esaka. 2012. Overexpression of the acerola (Mapighia glabra)
monodehé/droascorbate reductase gene in_transgenic tobacco plants results in increased ascorbate
levels and enhaced tolerance to salt stress. South African Journal of Botany, 78: 295-310.

13. Gautier, H., F. Lopez-Lauri, C. Massot, R. Murshed, |. Marty, D. Grasselly, D. Keller, C. Sallanon
and Genard. 2010. Impact of ripening and salinity on tomato fruit ascorbate content and enzymatic
activities related to ascorbate recycling. Functiona Plant Science and Biotechnology, 4: 66-75.

14. Grantz, A., D.A. Brummell and A.B. Bennett. 1995. Ascorbate free-radical reductase messenger-RNA
levels are induced by wounding, Plant Physiology, 108: 411-418.

15. Hellens, R.P., E.A. Edwards, N.R. Leyland, S. Bean and Ph.M. Mullineaux. 2000. pGreen: a versatile
and flexible binary Ti vector for Agrobacterium-mediated plant transformation. Plant Molecular
Biology, 42: 819-832.

16. Hernandez, J.A., A.B. Aguilar, B. Portillo, E. Lopez-Gomez, J.M. Beneyto, and M.F. Garcia-Legaz.
2003. The effect of calcium on the antioxidant enzymes from salt-treated loquat and anger plants.
Funct. Plant Biology, 30: 1127-1137.

17.Hossain, M.A., Y. Nakano and K. Asada. 1984. Monodehydroascorbate reductase in spinach
chlorOﬁIasts and its participation in regeneration of ascorbate for scavenging hydrogen peroxide, Plant
Cell Physiology, 25: 385-395. ] ]

18.Hossain, M.A. and K. Asada. 1985. Monodehydroascorbate reductase from cucumber is a flavin
adenine dinucleotide enzyme, J. Biol. Chem. 260: 12920-12926.

19. Jimenez, A., JA. Hernandez, L.A. del Rio and F. Sevilla 1997. Evidence for the ﬁresence of the
g%orziﬁeglutathione cycle in mitochondria and peroxisomes of pea leaves. Plant Physiology, 114:

20.Kavitha, K., S. George, G. Venkataraman and A. Parida. 2010. salt-inducible chloroplastic
monodehydroascorbate reductase from halophyte Avicennia marina confers salt stress tolerance on
transgenic plants. Biochimie, 92: 1321-1329

21. Kag/a, C., H. Kirnak, D. Higgs and K. Saltali. 2002. Su?plementargccajci um enhances plant %rovvth
and fruit yield in strawberry cultivars grown at high (NaCl) salinity. Scientia Horticulturae, 93: 65-74.

22.Li, F.,, SH. Xing and Q. Guo. 2011. Drought tolerance over expression of expansin gene TaEXPB23in
transgenic tabacco. Journal of Plant Physiology, 168: 960-966.

23.Li, F, QY. Wu, Y.L. Sun, L.Y. Wang, X.H. Yang and Q.W. Meng. 2010. Over expression of
chloroplastic monodehydroascorbate reductase enhanced tolerance to temperature and methyl
viologen-mediated oxidative stresses, Physiologic Plant arum, 139: 421-434,

24.Lunde, C., U. Baumann, N.J. Shirley, D.P. Drew and G.B. Fincher. 2006. Gene structure and
expression pattern analysis of three monodehydroascorbate reductase (Mdhar) genes in Physcomitrella
ggtgnzs,?:simplicationsfor the evolution of the MDHAR family in plants. Plant Molecular Biology, 60:

25.McDonald, M.B. 1999. Seed eterioration: physiology, repair and assessment. Seed Science and
Technology, 27: 177-237

26. Mittova, V., M. Td, M. Volokita and M. Guy. 2003. Up-regulation of the leaf mitochondrial and
peroxisomal antioxidative systems in response to salt-induced oxidative stress in the wild salt-tolerant
tomato species Lycopersicon pennellii. Plant, Cell & Environment, 26: 845-856.


http://dx.doi.org/10.18869/acadpub.jcb.8.17.230
https://jcb.sanru.ac.ir/article-1-613-en.html

[ Downloaded from jch.sanru.ac.ir on 2026-02-13 ]

[ DOI: 10.18869/acadpub.jch.8.17.230 ]

YYa WWAD lr VY o )let fpzia Jlo /se; plalS o3l aslicags,

27. g/lungg, R. and M. Tester. 2008. Mechanism of salinity tolerance. Annual Rev. of Plant Biology, 59:
51-681.
28.Olien, C. and M. Smith. 1977. Ice adhesions in relation to freeze stress. Plant Physiology, 60: 499-

503.

29. Ozturk, Z.N., V. Talame, M. Deyholos, C.B. Michalowski, D.W. Galbraith, N. Gozukirmizi, R.
Tuberosa, R. and H.J. Bohnert. 2002. Monitoring large-scale changes in transcript abundance in
drought- and salt-stressed barley. Plant Molecular Biology, 48: 551-573.

30. Prasad, T.K., M.D. Anderson, B.A. Martin and C.R. Stewart. 1994. Evidence for chilling-induced
oxidative stress in maize seedling and aregulatory role for hydrogen peroxide. Plant Cell, 6: 65-74.
31. Rizhsky, L., H.J. Liang and R. Mittler. 2002. The combined effect of drought stress and heat shock on

gene expression in tobacco. Plant Physiology, 130: 1143-1151.

32.Rodrigues, R.B., G. Sabat, B.B. Minkoff, H.L. Burch, T.T. Nguyen and M.R. Sussman. 2014.
Expression of a trandationally fused TAP-tagged plasma membrane proton pump in Arabidopsis
thaliana. Biochemistry, 53: 566-578. )

33. Sambrook, J., E.F. Fritsch and T. Maniatis. 1989. Molecular cloning (Vol. 2, pp. 14-9). New York:
Cold ?ri ng harbor laboratory press.

34. Shin, S.Y., I.S. Kim, Y.S. Kim, H. Lee and H.S. Yoon. 2013. Ectopic expression of Brassicarapal.
MDHAR increased tolerance to freezing stress by enhancing antioxidant systems of host plants. South
African Journal of Botany, 88: 388-400.

35.Shin, SY.,, M.H. Kim, Y.H. Kim3, HM. Park and H.S. Yoon. 2013. Co-Expression of
Monodehydroascorbate Reductase and Dehydroascorbate Reductase from Brassica rapa Effectively
Confers Tolerance to Freezing-Induced Oxidative Stress Mol. Cells 36: 304-315, 10059-013-0071-4

36.Tang, L., M. Kim, K. Yang, S. Kwon, S. Kim, J. Kim, D. Yun, S. Kwak and H. Lee. 2008. Enhanced
tolerance of transgenic potato plants overexpressing nucleoside diphosphate kinase 2 against multiple
environmental stresses. Transgenic Research, 17: 705-715.

37. Vaidyanathan, H., P. Sivekumar, R. Chakrabarsty and G. Thomas. 2003. Scavenging of reactive
oxygen species in NaCl-stressed rice (Oryza sativa L.) differential response in salt-tolerant and
sengitive varieties. Plant Science, 165: 1411-1418.

38.Yabuta, Y., T. Maruta, K. Yoshimura, T. Ishikawa and S. Shigeoka. 2004. Two distinct redox
2’ 5gnia\lsl 8rlé:] 1pgtgrlways for cytosolic APX induction under photooxidative stress. Plant & Cell Physiology,

39.Yoon, H.S, H. Lee, I.A. Lee, K.Y. Kim and JK. Jo. 2004. Molecular cloning of the
Monaodehydroascorbate reductase gene from Brassica campestris and analysis of its mRNA level in
response to oxidative stress. Biochimica et Biophysica Acta, 1658: 181-186.


http://dx.doi.org/10.18869/acadpub.jcb.8.17.230
https://jcb.sanru.ac.ir/article-1-613-en.html

[ Downloaded from jch.sanru.ac.ir on 2026-02-13 ]

[ DOI: 10.18869/acadpub.jch.8.17.230 ]

Journal of Crop Breeding Vol. 8, NO. 17, SPIHING 2016 ........uuuuine ettt et e et et et e e e e e e e e e e e e se e e e e 230

Cloning and Bioinformatics Analysis of MDHAR Gene
from Aeluropus Littoralis and Over -Expression Analysisin Nicotina Tabacum

Azadeh Mohseni®, Ghorbanali Nematzadeh? Ali Dehestani K elagari®, Behzad Shahin
K aleybar® and Elham Soleéimani®

1- Ph.D. Student, Ferdoesi University (Corresponding authors: azadehmohseni 34@yahoo.com)
2- Professor, Sari Agricultural Sciences and Natural Resources University
3 and 4- Assistant Professor and Ph.D. Student, Genetics & Agricultural Biotechnology Institute of Tabarestan
(GABIT), Sari
5- Ph.D. Student, University of Shiraz
Received: June 11, 2015 Accepted: November 8, 2015

Abstract

Salinity as one of the most important stresses disturbs favorable growth conditions of the
plants leading to severa metabolic disorders such as reactive oxygen species (ROS).
Monodehydroascorbate reductase (MDHAR) with FAD (Flavin adenine dinucleotide) co-factor is
one of the key enzymes in Glutathione-ascorbate pathway which reduces monodehydroascorbate
(MDHA) radicals. In this study MDHAR gene was isolated from Aeluropus littolaris, a halophyte
plant with, characterized and was transferred to tobacco plants after cloning. Gene specific
primers were designed using similar sequences in NCBI and the desired sequence was amplified
via RT-PCR, cloned in pTZ57R/T vector and sequenced. Primary bioinformatics assessments
revedled that MDHAR gene consisted of 1436 bp lacking intron sequences. For tobacco
transformation, cDNA fragment was amplified with Pfu DNA polymerase, inserted into
pGreen0029 containing 35s promoter and terminator sequences. The recombinant vector was then
introduced to LBA4404 agrobacterium cdlls, which were used for tobacco transformation via leaf
disc method PCR analysis of the putative transgenic plants, indicated successful gene insertion
into plant cells and gene transcription was confirmed by RT-PCR. Comparing which MDHAR
sequences form other plants in NCBI, A. littoralis gene exhibited a high similarity with genes
isolated from gramineae family. The highest similarity (89%) was observed for MDHARs from
sorghum (Sorghum bicolor). Protein also analysis has proven that this gene is outside cell, pyr-
redoxin and NAD-binding motif area. Secondary structure showed 78.3% alpha helix, 41.1% beta
sheet and structure 13.6% B-turn structure or reverse turn.

Keywords: Aeluropus littolaris, Mono Dehydro Ascorbate Reductase (MDHAR), Pgreen Vector,
Reactive Oxygen Spices (ROS), Tobacco, Transgenic
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