[ Downloaded from jstnar.iut.ac.ir on 2025-11-21 ]

[ DOR: 20.1001.1.24763594.1383.8.4.3.0 ]

\YAY OE—..A}/C)L@.‘:-UL@J/Mdb/ﬂch‘,d})‘,%bﬂ}rﬁ

Sl Bua b ((pSes ) sk S 5, S-0 — g —A 35 Slyl ol

( Nicotiana tabacum cv. Xanthi )0 5 5 Cow )l 5 oS 5 K gomsl Gla 55 45 Sus glis

¢ o . ¥ \ - \ Z. o
S, ol Jo g sgmse ol ¢ (33 g e S S, s el A

oS>

ﬁ;t’wgfdw,uﬁ .ajlawblﬁd/’rfuiﬁ&:JJ}lw‘;}«a’JLfJJgMJ: e 2 Ygomal S Olsie o s
231 oo Sl 5 o ol o 5Tl e (K Syl i 4S 3,05 5 525 (PSCS) lities oS S =0 — 5~ )= s
M6P5CSﬁj’awﬂJjgﬂj2wfjé.ﬂwdﬁfkaggd”rf:@jQJL,.}J"JJJ;;L;« W = & Jsho f5o
U ol o 5 A O oIS mptl] 5 gus slad)5 s>~ pBII21 dlfj.sJJUJ: wlajf}rwﬁhﬁ.ﬂuywjﬁj35sjjyjﬁ J s
OWLE l b s ol Ky LS5 3 5 a7 0LLS SlpSes 03 Jos I 53l i V10 ankad iS5 b s 45,5 LS 4y
b st g S ST JUEST 35, 4 0757 DL 5 s 4 pSes O3 sl Ol sl Cod g0 JUis

48 sls awugu;t@w,u‘;ﬁfgwtwfr.sgﬂoﬂg,d,wdjgfwougfwlﬁ ok g g s Ol s
23S0 5 2 03 Gdon p Sk WIVUARY G AV s s bl (595 LIk a5l 5 (sla0 s 5 cdald QLS L 4l s
YePQ/W G Y E/808 spudom 35 5 035 by ol o5 0505 0 S35 Tl 3 s pp Sl cpl bilos oS A 35 (meds (55l Lyl
05 Oly 45 sls owutr.s,‘_,l,wwgtw‘@,t;ougfgj wals Olls s s p gl g sl A 03] e
Sl sl oy B sl il s Ll ol 4S5 g g0 SLS ) o (K5 5 4 oo Sl Esl s OLLS s pSes
Al deds (550l mge DY paamms 3 2l o8 5 L ablis

rﬂjﬁ:’j}flt‘nptll Q5 cgus O ‘pBHZIdlfj.sJ.iU‘35SJ}I}U}; cpSes (g hdS sl

Olgiol nns o823 (3,5LaS 0dSils ($303LES (5450 g (0 5 1) B8 5 )
Ol (Sl T3 5 K e o S 0 oo g HLolisl Y

Ol ¢ sl a3 5 S ilige o 550 ALS (654 550 5 Lokl Y

Ol osld s 5 SB35 wkige o S e (iP5 sl e

R

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.4.3.0
https://jstnar.iut.ac.ir/article-1-299-en.html

[ Downloaded from jstnar.iut.ac.ir on 2025-11-21 ]

[ DOR: 20.1001.1.24763594.1383.8.4.3.0 ]

\\"/\\"O\.’w}/c)\.q.:-e)w/MJD/H@D}&}JJ%Oﬂjf_’b

Slan 3T Codled sL Jds s Jgb 53 sy (—al58)
s 5 (PSCS) sl oS 5 S =0 o -V -lds
sesle pl Al as o 53 (PSCR) LS 5o, oS 5 5 -0
wile s oS AeeS| lan 3T b ) cniles 5
S 5 S =0 s ,— 5 (ProDH) 355,025 s
22 O S Bl J s 55 (PSCDH) LS 550
Opie Ja g5 (S 5 (S5 4 S (Sl LIS LS
3T 5 (0) 4 (10) &3 wsle Cilises OALS s
sl 0 55158 (V)

A5 olS 53 sl e S s RS 8 Bl S
Soxb 5 SEF s o 0L S s s (F) 555
0 o n =) = W T a5 el Sl IS L1 s
OLs Ll 3 ATP G pan b 5 (PSCS) Sl oS 4 S
O3 & 355 g0 LT e —0 = S48 4 a5 NADPH
0 ooV m e fs o st Do a5 dbls
PSS a4y o esle kgl b acalsl 53 355 e IS 5 S
O)s55 b5 s -L & NADPH o L~ 5 PSCR

PSCS OWLS 53 (s ewsm et 53 4S5
3345 ol (53, See 53 o 551 S PSCS il 55 ol
B DS 3 s s s 03 1 i) (RS
3l 55 by STy nl lag SL s (VY 5 1) WS
— o =Sl 8 5 (GK) LS Jasli S ny il
e LOF 5 1)L S o 5 JGIS (GSA) 655,403 AT
Sl el PSCS 5l el sladnsl JI5 S ol 4 55
v.;:ﬁf slgs! s slaaal dl S5 L Vigna aconitifolia
E. coli ;3 GSA SikoS 515 lesil Sisny 5 5 GK 3l
S 5.5 b LS JspSes O Kyl (M5l cgpliie
alie OALS 3 Sl S wal sl 31 (s o s s
= V. aconitifolia oS cDNA £bolS ag (F)la s —SU
1) GSASGK 5 53 ;8 Clad & A3 PSCS 331 oLl o
s Arabidopsis thaliana o\S > pScs O3 (\§)das o <:l_>.u'\

5 dls Jsb 5L kS YALS s SLuls cDNA iy, oy

4o Ao
ol JLE Dl i 4 Jsb eses laily 5l S
axils Joomil CohB S ol Gl e (s
S Sge ol OIS o e 15 oS ks e e s
Jio laad Lols s Gy me LoV serul a0 Losas
Il 5 JspeedS Joo JSU a3 5555 ,5 5 55,8 e
OS5 5 5 5580 Sslla s Jie (oSdiaS sladd codd al s
S L s sl plie b (KD olty il a0
(DMSP) s 55 5 bin (53 0l msdlS fis
oo OF) dimn o g1y s O Gl ool s
231 el Sl Las OLSGl J g5 e 53 Lo se ]
o SO e Sl il s ) s oS STIERIF NP
lalzs 5 lacnSs sl 48 Jossm 53 (Na') v Jis
e on Y sl Al Jos 68 sl ol o
AU 55 sl 5 by e s b BT sl el
N Ol 4 s s e oS o) 5L plierd OLS S
oy Sas uS e b as el ols 5 ol
baae 5T ol 5 SRl sl 5 das e 2l s 5T (6,
(YY) 358 00 YL gles s

Sl JLEE dad 3 e SV gasl G Olge w0 s 2
(e 3le 3 S ml los Wil ala i s
ool A8 VL gl 5 S D3l (S e 53 8, S IS
2 OBLS e dle (g ol ol Ll 53 oole ol il sl
OB e o ba josin dlags 8L Jio Koo ol g o Sl sy il
RALS &l O 5AX) Gl ol sdalie S 5 oL s
oL (chemical chaperone)  olawd 03 S Olge o
B I R e P e RUB R
e on (04 51 A8 e Cales o 3T LS 5 b
S R SN WAy P N S K B [ W PN Bg S
Jos w cmilen o al ol 8 s (g5 WD
Ll S Sl ey ol e 1B ) sl
o @Bl s Ll Sl ol So sgds S U s

vy

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.4.3.0
https://jstnar.iut.ac.ir/article-1-299-en.html

[ Downloaded from jstnar.iut.ac.ir on 2025-11-21 ]

[ DOR: 20.1001.1.24763594.1383.8.4.3.0 ]

e da b (PSS ) e SMS 5 S0 —ods — A 35 0lgl 5 Ol

(4233 55 595 VA )05, 55 OIS L el e 31 S sl a 55 YA
oaws b (5581 Lk Oljoe e (il 51 oy 23,5 el
Ol s 8 A (S Sl 25U 70 3 e oS
J:JL;l?A)>L;'JSaM>Ja§JJJ_>-lJ\~q syd s 5 ,=Sb
ﬁ\ﬂ\'QJ»UhJﬁTWQQ&ML;.ﬂy.J_;b)jw_&J
.CJ))[SA{L&&LA)'T)))&ML;:})
Nicotiana tabacum cv. Xanthio 5 5 olS Ol e oS, 5
Lol g o5 (leaf disk Sladad)as gosis ) sde Vo sl
o dd 385 O gl s 53 035 55 ab g Sl g 5 0l 4 g
.LM&)‘}O&&\)T@@}\'&:JJ.AAJ.LQAJ.)A_.')-LJ‘LSJJSLI
(\\)Mszw%ﬂjéhu@_?&udl—ﬁM}mﬁ)
S Olgs 4 (BAP) (o sy sl 5y sLal oy 58 (s3>
L esls 1,8 Lgfu'qqﬁis.b.:;wdj)ﬁjza});r;dlf
L;ua)@ﬂ).upm\;wu:ushﬂmp&ﬁcl@qs
aodd oL 5 ps SUy SIL Oas o3, 0T 0l 055
o)l s L3 C58(pGV3101) a4 o OL5—e (ﬁj_:SLJJf\
DS @b pilesl opl s e dals Ol e 4 pSes 05 sl
D Cele YA Sl 4 e sad gl S lala e Lo
ot s (651345 5,8 Sl a3 YO gles b KL Lo
Ol a0 &8 L3 el MS Jas 4 Lt s 5y oo ol
5 A e S ke Ve e 4 e LlS S
w\aﬁéu‘ﬁjéfﬁwa“ Q\j_sﬁ@m_....S)SLw
jé)lﬁk{\ﬁ))@)%lﬁj)@#@&éuhﬁm
&‘jjl{d\ﬁmﬂ.mﬁj\j})\jj@jl_\ﬂw))“a slaes
Cole il 5 glidg; colu V2 Ll 8wy Ol S
W‘Um)%QJﬁ‘\{:\ﬁdﬁuQ—):YO sls b S0
MS lases 4 ool oz 4 OLALS o s 21550 51 day
ez 2,8 Sope ol i, B U Jatie Oy s 56
WA s b slaolaS as sus ls iy QLS ey atds

(V) o ) oyl anle 5 o Sy sl el

Yy

VF laanalS 3105 ol OV 55,8 o s 55 15 05551 Ve
Coaal (s a0 (VY 5 V) ol ol (Solaldor s o s 0555
OLlS Wy am a5 5 0L S us, s Sas 5 o3
355 el Ay w4 e 5 e Dl 0 s oS (gla S
OlS « pSes o sl dies &S Coul ol Eely clias aals|
(01988 Jlo s Ledgy 5 2l 5,8 13 4 55 5,5
S5 EDNA i ST g s S 5 s
SIS s e g s ﬁj-ﬂ gl e &S sls QLS pSes
Sis PSCS 5T a5 51 cmilon b s ol 3 15 e
Bl LS (gl e e 53 0L ) s s
PIes 05 s & 0555 LS 03,8 Sl 5L Leyy e
b oo SRl a5 ol S s s Ole 48 ks DL
S s Gt b Caenl a5 (Y 5 YY)
pies o5 Jusl OSGl el g55 Ol 2l 2l sl s
et 43,8 13 5 50 Ol g o5 OLLS
53 Ll iy golwang Canss 4S5 A a3l Laskid ki
Cowd & Dbl 3G 55 oy 5 05 5 Lol Jus OLS

35 oslizul (g3l ga OLLS 03 8wl 5 ) ool

i) g 5l
CS8(GV3I01) a5 51 055 Loyl 5 DS a1
o) gtd M_J +_S Agrobacterium tumefaciens s S\
o)l ses (V) eslital sl ol Jize of 4 pBI121-pScs
pSes 05 el 0 5IS (63U LS Y/0 axkad 5L~ pBI121-pScs
b, S 5 01 glawl ;5 CaMy 358 5505 5 45 AL s
pBII21 (vector) 4855 3L |15 55 4 gazms ol 5 Sl
=l &g 35 0t O3S mpt] 5 gus Slal A
J>5 Helper d—aod slols eslacul 5, 50 4. tumefaciens
(V) sl virglags

S5 LB lases 55 050 805 81 4 g aeles YF o iS
¢ 5V «Yeast- extract ¢ <5 0 « Bacto-peptone ¢ JEGR

s 53 s bllS S (ST 2 3 p S e 00 5 NaCl

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.4.3.0
https://jstnar.iut.ac.ir/article-1-299-en.html

[ Downloaded from jstnar.iut.ac.ir on 2025-11-21 ]

[ DOR: 20.1001.1.24763594.1383.8.4.3.0 ]

\\"/\\"O\.’w}/c)\.q.:-e)w/MJD/@E@D}&}JJ%Oﬂjf_’b

s dbal gl BB 0l 5 Ll s s 5ed ol 3) oslis JLaS]
Jol Ko i 53 45 G 05 5 s el oy omlin ST
DNA aslss 5 (5l PCR Loyl 3 ol by ool Sl Lo g
leos 5 S K s 4 ol 0L s b s
ERUS| RGNS PR PR N Q.Lam.:\j_fu:jlﬂ: ax s AY
5 J&w & Hot start PCR gbs ,» PCR EI—5
O Saal 3l (6l adds Vo e a8 il a 55 PV (glas
Lol IS YO 0T Jlis 0 5 o ankad w0 b, ST Jss!
Y @ids ) e & el by S 31,8 Sla a3 VY
@:\j_fdi'l_.,: a5 YV 5 aids ) QJ.«@:\j_fu:\jl_w YR
Sles 53 2le 55 5 A4S Ll 5 g5 el adBs ) s
RABLEGC IR RGP TR R I Q.La‘u.:\jfu:;b a5 VY
3o50 olS a5l gline Ol S e Sl dLa L]

A S 15 eslal

gus 05 b Ol 5 (g pSe30
3 ealS sl a3 lac il (5l S5 )~
S oalital MS Lase 5303 8 Ak ol 5 glaazal S
2o ab st Do wazalS el s 2 Slakd ke ol 4
23 S 38 sl a5 YV 3 X-Glue (g5l J st
OLlS sl oas K ol Cdlaze 5 cslo i 5l
ot pos b5 JS e S5 05 e 51 6l el 5
Jia do s Ve Bl an lasl sy pe alS slacil
5B o 3l Sl el A e 4 e 5 L3, S
Sl ped s hleze (T S5 L 0T 5o K o8 Jbs S

(F) K (6,134 Loyl s 0F 3 5l JH alS el s

s Ol 5 xS eIl
Ll s ole 55 e 4 &S 055 edd oyl 5 ol S s
U S e S ke Vor e ling el (g 15a S asllS
PxSoge wmle Dis 0 ssam 55 5 el s (Gols ai s
o 1Y Sl s s el 31 2 e Ve e el s
Wove 3 aids Ve e ol Jslows Al a3lo] e o

Lol 85k a4 by Ll s e, L il Jlas|
Ly ) e LA (13K OIS 5 ole g3 e 4 cda s
Sl Al Sl Sl s (S 03 d e U OLALS
olnil GUS 5l cJlad o s PCR 35, 4 OLLS 03
o Ol ammlie 5 o Smlasl il (gl S
5 ek oo 4ol bl OWLS el g s o

L ealau! &}L'njj)@ﬂwu“ “j".‘.'.'

PCR S5 51 eslizal b ol 5 0L 405

Sl Sl 5 Ol S s pies 0 ) sdm Al (sl
3l eslizal U sl pl & 5 (sl o eslil PCR SSG
NCBIOS SSb s i o 3 pies 0 Al 9S50 g
s 3l T cDNA 5l S (Accession no. D32138)
sla, S5LET o34 sdsl Cws & A. thaliana var. columbia
o 5ae 5 585309 5 4L | (Forward-R-6-F) o i
=5 Uls L pdesyl =53 w3l (Reverse-R-2-R)
S S el 53 5 e 055 b cmis VOF aakd
3l esliul Ly (R-3-FR-4-R) 05 sleril Cad 35
Loy 5 1k Oligo ver.5133l o 5 5 primer3 (gla |5l 3
s 52 TIB MOLBIOL 5,5

R-6-F,Forward:
5'-GGATTGATGTGATATCTCCACTGACG-3'

R-2-R, Reverse :
5'-CCTTCAACATCGCTCAGAAGAATCAG-3'

R-3-F, Forward:
5'- CCAAGGGCAAGTAAGATACTGAACAT-3'

R-4-R, Reverse:
5'- GCAAGACTAAGTGGTAAAGTGGATCT-3'

+/¥ Murry and Tompson % 5, 4 sl g! Al 4 5ed DNA
Voo s o5 AS Ve (e VO el a5l Y g5 S
Tag DNA polymerase pi)j\ U 5dNTP b glses (¥ a5, So
23 5 05 Genus Jus Techne JSGla go 5 55 5 0 oS

Sl 03,51 @2l 5 5 el (denaturing) g5l Sl ol 5

Y

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.4.3.0
https://jstnar.iut.ac.ir/article-1-299-en.html

[ Downloaded from jstnar.iut.ac.ir on 2025-11-21 ]

[ DOR: 20.1001.1.24763594.1383.8.4.3.0 ]

e da b (PSS ) e SMS 5 S0 —ods — A 35 0lgl 5 Ol

Cypmo 4 pIessy J g Oy (PSS Aol il
ok 2 i LSBT Sl O 5l s g5 LS 55 s ses
3y Sl e QLS s 4S5 358 5se s Ced
2 e eed w53 o D @l e elnal Ol ol
sdalie PCR Jsams 4355 cod ol 5 b dals OalS
S Sk sed 3 el L mlsl ol b s (P ISe)ass
a8 )3 Sl sl ot oS ol S S Sleld 4y
pde L oS Wiz peni 1y 3k i VPO acadab S5 s sy
@Ol oy ey pl ik y o sl 4 pies o5 Jlad|
Ly balr 5l Jols ol 5 Sljpe OLLS A5 o le
ol by el IS sladsha 51 (Sl gamme &l O 3l
ok Sl 5 IS il s ad e 51 gslaas 5l Jlez]
M s Lles S 51,8 Sl 5 ol 5 s gleas
s 53 sl cpl 3l edal s 4 ulS SlalS ez
53OV dies a5 slad sk 86 55 sLapll S
Sol= oiS b 3Ty slasd o iS (o)l
oo ool el s 4 0L 5 ool S
IRl e eSS 1 oS (Ko 15 5 Dbl 155 s
MS Loms 555 OLLS 2l Ty s oSyl 5 Al (sl
03,5 Ay slaamalS 5 s esls w8 S ST sl
elod s &S Wks Al glaasi )l 5 Ol e 4y laes ol 3
Aiea pies 05 ol e sl sl
ol 5 olals il ‘_gj-?eﬂ_i') 3l edkel s 4 cb
Koy B o3I oy 3550 sla L a8 sl OIS e
A O3 aiged S o Jy 5.5 35 4y
Sldalin ol S U(F K8) L g skl 3L 555 (ol K5
plosil o ga L pBI121-pScs o)l sows Jisl 4 5,8 asls
o 203 S gas 53 (S et Sl A5 Ty ol el S
3 b ges S3L slad s oled 55 o5l s )5l Jlaz|
() oS OALS 058 ol 5 55 gl oy b 53 s 5
S Gb gl sas 5158 55 (W) ol S s
5 S DL L s e 5> GUS w5351 ,alss Ol 09

Yo

b dsle 51 2 A Y5 al Sak sl i By 55 00
) e ¥ St il 51 e YL el Ol
fff V/Y0 Juli ) Ninhydrin acid -y e ol J 5o
OAd = 5l oy a8 Szl el 2 e Yoo sles
U | PRE T S 3 W R B W
o A el el G e w5 0 S bl (o
blss s ad (ST aalsl 5l (58 (gl e ol
Lal 5 335 go gl 4 ki, S 15 oy 5 O
035 o 3 o s S WLl s 1) e ¥ oL
53 gl 0T s lad sl Ol ol (Vortex) S5 55 L
O s el (5l (Y) A (6 Sl o gt 5 Sl o
(OD) (555 dor ol Oljee s dladi pad 53 s
okt ang LAl s Vge 5 Sea V0 ) glacbile
Sl a5l O+ s (o1l s oy Merck _las
Slaids s M e O St adslae ell 1y 5 A
23 3gm s S sl el (658 ol S 5 sl

A e Sl 5 0LS il

Cou g mls
3 pBII2T |30 > gus S_i,158 05 ol e 45 pScs O
ol S5 5 bl (pBI21-pSes) cul sa i
OLlS 055 ol 5 gl 5 (V) el Jins oy, SLs S
Ut (sla el plondl 5 g tin Slemr by LS 4 0555
S as b gal 5y plad L s gl IS slaailis
S o3 (VIS8 )L 5 s ady s glaamalS )5 Lol en & ()
053,55 5 (630 brs (A Ok e dals gladiselsn; Dol
S sl 5 OaLS as 8 5 Ay 5l ey by Sl 5 e
A 365 e lasT aelsl (gl 5 o (650 o I To

A e edd ol 5 0LLS (¢l o PCR sl
05 U5 51 535S 55505, Camd 3l (3L i VEO anlad
Sl s o I Leslul cilles Lds 4 S Ui pScs

340 QLA\...; Q:ﬁ 4;'9%)\)3 ‘(ijS)h;Lp‘ dj BE i Sy g

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.4.3.0
https://jstnar.iut.ac.ir/article-1-299-en.html

[ Downloaded from jstnar.iut.ac.ir on 2025-11-21 ]

[ DOR: 20.1001.1.24763594.1383.8.4.3.0 ]

\VAVQM}/C)Lq-‘i-e)w/rﬁﬁdb/&chﬁjd})Jwgﬂjr"lﬁ

Oy 09k 9 ( ‘.._...S_,Su... K) Mlﬁb\S) s.(_.;ﬁ doi BAP(1mg/l) s NAA(0.1mg/1) EEYLIE) (v-_—-SjLLu K) Mlﬁb\S)

oyl 5 0LLE & il 4 GUs il K 5l ol el f s b odd syl 5 OLE PCR Sy s ¥ ISS
L(PHT) X-Glued gons JI Cod Syl 5 b 9 (pSes 05 ozl sla £ 5T
il 0 K TN UL (6, 5 Ay 48 Sl 5 e oSN
Jﬁlledﬁgsjjidqa\SPBI-pSCS OJ‘P.}L:C«P.QJ‘JS o\,s—*
ol okile 3 GUS 3T clles 4y by po ol K5y VN0 PBI-pSes el —¥
L s S, 5 day 4S PBI-pSes ol s b cu )l 5 oLS-Y DNA size marker Gene Ruler 100bp(Roche) -¥
el 0kile (S GUS 351 codld 4y by o o S5, 07N

pBI-p5Scs e)‘jm.: L.a (R %4 C«:ﬁ_w‘}s e\:g -\

Y

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.4.3.0
https://jstnar.iut.ac.ir/article-1-299-en.html

[ Downloaded from jstnar.iut.ac.ir on 2025-11-21 ]

[ DOR: 20.1001.1.24763594.1383.8.4.3.0 ]

e da b (PSS ) e SMS 5 S0 —ods — A 35 0lgl 5 Ol

.x:.:l;),;ui:.;dm,",)o‘,@,,b‘_;)tgw«sé;g,!;ougfﬁohnm,;d,,;y.'\?;ﬂ,bol},e.\ Jgd>

AL 5o SrpS 2 eSS o 2 idsn 550 Bl s b S e S 0S5 S e 2 s
b ol Bl s s 630 S S
Sl b elS ) ¢
Vs ‘)\JJ oL; q-\/Q\ V'f/f&f
Yol oS You/YVY YVY/evo
resl oS TAT/EAS AT
£l olS YA T
Scan # B, 1B
0 488 T = B0
Display Hode __ o~ |
[Singlel < { &350
Functian 1
[fbs) { B 24dB
2 168
& Besh
EEIE-LEI_ 55-_ B | & one
L 240 S0  EILD Eese ¢ '
2488 rnAnin Smocthing !r:] Pts. W TR
TRE

5 2323 (AL

3 £ SOURCE
THEE BBIM  UVisible SLEEE  :

; FES
9000 0B

@::bd)[gi L._ﬂffi): d:"} olcg} pBI-pScs eﬂju:L'a C,.:r._a')b.}' olcgqbﬁ,a OY'nm ubd}dﬁo‘}g&

L dals 0llS glad s o 53 dlol> by alt s sl
Der A bl i bl SWIG 3 juslis oS e
2030 sl oS R e ol OLS s s
il K, LT b Bl 5 0 dals b gl
S S5 ysk a4 (PSS A dde)disls 0L | (6 il
AEARVAGARWINSSRvISE XA () 7 {~) RO P RURN WRv ] FU
NI IS S I SSCER TN b U v B IR CIC U g P P
o3 S p e S 550 55,5 7 dald ol 55 s M Ol
05 sy a8 3l 0L s slags S el s sl
Olae il 33l 53 paseiie jsb 4 Cou )l 5 OLLS 3 pies
LSS ol i el 03 3 Sl ol S s
s Gb sl (Y 50 );J\M;_@Lmjji;w_s.sw@u
o ) S ad jsb 4 olS oS Cl el e i

v

(935 0 Ol 2 05 sl sl slad sl 53 Yyona
Wl B3 S5 ke oS 305 35 Jlail ol )l
sl edys sl pl o &T‘S/q)gus 05 als pde s o
olS & o Sl 5 OLS s s e i
ol 5 OllS &S sl ol (bl e Ll 5 s aals
05 5> odan 0 S5 Se IYHARY Slas 5 47/ il
delos olie ol (O JSE ) Jadr) Les S S5 36 S
Gals ol L alie 55 ol 5 6lS 53 oy sl el
Sl sl g 2 o Vo 058 LSl s ey 45 o
Aol Sl abols 35 s s (L) 5 0l5e 4 6 ) Ao
Gl podal Caes w0 slie (dal) oLS ol 53 o s ail
s ol sl e 4 a5 5 L oy

A_)'.'.‘j"L"" g:,‘.w‘ JJ\&.L;I W\J:AM)}J}))ASF}D}%\

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.4.3.0
https://jstnar.iut.ac.ir/article-1-299-en.html

[ Downloaded from jstnar.iut.ac.ir on 2025-11-21 ]

[ DOR: 20.1001.1.24763594.1383.8.4.3.0 ]

\V/\Vb\.:.....a}/c)\.q.?'-e)u/de/ﬁb@h‘pdjj‘gwbﬂ_,rﬁ

Sean % B33
T T T T T T T T— !, 58
Display Hods |
[Singlel | N -
E
Function [ ,”?
ffbel L / 1, G200
) \ | a7
3 _.a"' 'II'ZI 4
b i b1 { aca@
R i
I X .
] e Mg N o g Bam
@ 400 SH¢ e E60 W
2408 reein Seoothing [w] iz
® FES SARE 1Z:I8 L % ﬁ%
THLE REME Uisdl @A 2 =8 ]

&ﬂj})oM&}elﬁ}pBI-pscsU‘j.u:LgC,..ﬁr.l);eL;qbﬁ,a OY'nm):g'a.:\.?&;l’dsts.i

5 () AtSOS1 5 AtHKTI 5 ArNHXI |} Ion homeostasis
OlalS 53 &5 (YY) Stpd1 Jis Polyols sdS suw slalj
b Caslie food o 5 055 IS (e sl il 5
Sl 2V Jesly 55 05 cpl el cas o el s
or ol b e S sl ) (S w el GLLS 45
OLlS W5 gl Js 55 oS lsdsl 05555 Jds oS s
Sl Y (g 5 Si Ll et a0 el
sl s k550 QLS @ pdes 05 JEl gl vog
S Gt o sl (S S 4 ol Ol S

5,8

)l

Mg 3 55 BT Slam; 5l 48 Wls o cxls O N

.J.'..'Suj\:).\:aj S.@“dﬁﬂ\ﬁ}jwl.hﬂjbb-ﬂ

LS o late dm Sl Sl s S (Sl L o
Sl QLS 55 s Sl e A5l ol 5 (V)
Sl 5 DS o g cpl 3 2T oS 635, 0 i
85 0l & ol 5 ol 5o el ks (ol 1 oo
el @B S Dy go i e 4 SCis Lyl 5 s pSes
Ao Sl Gt R anb Tl b 53 S sl sl L
53 sl PSCS 5w lad gl slotis S Jale o5
ey g Ol RS il 5 3 O S
Gosi by (KiF w Caslie Wl gl Jole slac Il
(T0) G o SISES 45 oo
SRl e pSes 05 aW b s ) ol il
&S das e OLES ol ragiy 53 055 oS s s
ool oS st b0 Jes b Cplie 55 05 ol 5, Ses
S5 s slS i lad} () codd Jin S

53 J==3 Lol «(VA) otsB and otsAd e Laj s

oalaiu! 240 CLA

Gl i 4 aslie il Gaa U ( pIes) b OS5 S = 0 =y s =V =lds 03 0lsl 0 Ol AYAY (ol )

0 dSils (655 55 s Al el LS asb OLL .(Nicotiana tabacum cv. Xanthi) O 5 55 Sl 5 ol S 55 K5 pal

QW‘ W AK.:_.'\) c‘_g))jl.;.s

2. Bates, L.1973. Rapid determination of free proline for water stress studies. Plant Soil 39: 205- 207.

YA

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.4.3.0
https://jstnar.iut.ac.ir/article-1-299-en.html

[ Downloaded from jstnar.iut.ac.ir on 2025-11-21 ]

[ DOR: 20.1001.1.24763594.1383.8.4.3.0 ]

e da b (PSS ) e SMS 5 S0 —ods — A 35 0lgl 5 Ol

W

8.

9.

Delauney A.J. and D.P.S Verma.1993. Proline biosynthesis and osmoregulation in plants. The Plant J. 4: 215-223.

Gallagher, S.R. 1990. GUS Protocole:Using the GUS Gene as a Reporter of Gene Expression. Academic Press, New
York.

Ginzberg, 1., H. Stein and Y. Kapuling. 1998. Isolation and characterization of two different cDNAs of A'-
pyrroline- carboxylate synthase in alfalfa, transcriptionally induced upon salt stress. Plant Mol. Biol. 38: 755-764.

Hammond, J., P. Mc Garvey and V.Yusibov. 2000. Plant Biotechnology. Springer, Germany.

Kiyosue,T., Y.Yoshiba, K.Yamaguchi- Shinozald and K. Shinozaki. 1996 A nuclear gene encoding mitochondrial
proline dehydrogenase, an enzyme involved in proline metabolism, is upregulated by proline but downregulated
by dehydration in Arabidopsis. Plant Cell. 8: 1323-1335.

McCue K.F. and A.D. Hanson.1990. Drought and salt tolerance: towards understanding and application. Trends
Biotech. 8: 358-362.

Maris, P.A. and B. Eduardo. 2002. Engineering salt tolerance in plants. Curr. Op. Biotech.13: 146-150.

10. Measues, J.C. 1975. Role of amino acids in osmoregulation of non-halophilic bacteria. Nature. 257: 398-400.

11
12

13.

14.

15.

16.

17.

18.
19.

20.

21.
22.

23.

.Murashige T. and F. Skoog. 1962. Physiology Plantarum. 15: 473-497.

.Nanjo T., M. Kobayashi, Y. Yoshiba, Y. Sanada, K. Wada, H. Tsukaya, Y. Kakubari, K. Yamaguchi-Shinozaki and
K. Shinozaki. 1990. Biological functions of proline in morphogenesis and osmotolerance revealed in antisense
transgenic transporters Arabidopsis thaliana.The Plant J.18: 185-193.

Orcutt,D.M. and E.T. Nilsen. 2000. The Physiology of Plants Under Stress, Soil and Biotic Factors. John Wiley,
New York.

Paul, M. and A. Hasegava. 1996. Plant cellular and molecular responses to high salinity. Ann. Rev. Plant Physiol.
Plant Mol. Biol. 51: 463-499.

Rayapati, P.J. and C.R. Stewart. 1991. Solubilization of a proline dehydrogenase from maize( Zea mays L.)
mitochonderia. Plant Physiol. 95: 787-791.

Savoure A.S., X.J. Jaoua, W. Hua, M. Van Montagu Ardiles and N. Verbruggen. 1995. Isolation, characterization,
and chromosomal location of a gene encoding the A'- pyrroline- 5- carboxylate synthetase in Arabidopsis
thaliana. FEBS Lett. 372: 13-19.

Sherman, J.M., W.M. James and E.D. Margaret. 1998. A regeneration and Agrobacterium- mediated transformation
system for genetically diverse Chrysanthemum cultivars. J. Am. Soc. Hort. Sci. 123: 189-194.

Smirnoff, N.1998. Plant resistance to environmental stress. Curr. Op. Biotech. 9: 214-219.

Solomon, A. and S. Beer. 1994. Effect of NaCl on the carboxylating activity of rubisco and absence of proline
related compatible solutes Plant. Physiol. 108: 1387-1394.

Verma, D.P.S. and Z. Hong. 2000. Removal of feedback inhibition of Delta' —Pyrroline-5- Carboxylate Synthetase
results in increased proline accumulation and protection of plants from osmotic stress. Plant Physiol. 122: 1129-1136.

Wallace, D. M. 1987. Larg and Small Scall Phenol Extraction Methods in Enzymology Academic press, New York.

Williamson, J.D., D.B. Jennings and D.M. Pharr. 2002. Sugar Alcohols, Salt Stress and Fungal Resistance: Polyols-
multifunctional Plant Protection. J. Am. Soc. Hort. Sci.127(4): 467-473.

Yoshiba, Y., T. Kiyosue, T. Katagiri, H. Ueda and T. Mizoguchi. 1995. Correlation between the induction of a gene
for A'- pyrroline- 5- carboxylate synthetase and the accumulation of proline in Arabidopsis thaliana under
osmotic stress.The Plant J. 7: 751-760.

¥4

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.4.3.0
https://jstnar.iut.ac.ir/article-1-299-en.html
http://www.tcpdf.org

