5530 = sk s 5iSTget slo 031 alino NEME]]
TWAT o) o s 05l 5 lez 099 Research Article

(03883 Wilbe
@30 Sy y0 udeiia 5 (il 5o 0uddS dguzxe (5 S (ylgimy Jldew (sigiu B o8 yro
(Zea mays)

oL ol doxe

Ol o cdélpom 3o i 00l T yiogl S o lowl, 3T | e degds olSKils o5 5, 9LiS 0uSLils o 5595 T 00 09,5 ,Loliw!

ol

by a5 ls als 5 sl G303, 50 ol Caanl g 039 Cannls ;5 s a5l 51 (S Laadgiss IS 1 AOD § Aolw

ooladl 558 Coronl Wilgy oo cims oo JSii 1) plo g ludl Lol slie as ee 5 pgadn (kS )0 laalSeils )5 ol Sl
Sl g0l wited 30 aSeiis S s e 10 a5 olees 31 Gloe 5ol ails oL L1385, 5 0, Shas sl yo (o
olis ladss (Jl ol b sl oo caiS &,3 50 skt pdgiuls 3l €9 4w 555 L el oulls s bl gullS M}ﬂ o olgins
ol ol Gl Gl (850l 051 Eg5 dw 9929 b LT asul .o Ll ple jo  SluSs cdlad Loy 35l ol (6 aed a5 33l sols
el aLil g0l sga b s s oLS 5o Ll adgs il 38l a8 | louSeiso)5 i oo Ailgs = gt

z el Gl (V) €85 plil )] S g (soblows] Lawgs oo glaul Loy, 5l eoliul b f Jlaml g edl cos B L;’S) 9 0‘9.0
1556 <ouyly plals 4y el Jlasl o, sl jeam anl ¢l (0) o oslaiul Doyle’s Doyle ybg, 5l o )3 kS, 5l DNA
vyl alS Sl eads zl sl sle alass, slgime BT .08 )5 sl colais! sla aslys i 5l soliiwl L PCR (2aSTy oo
85 ol HPLC g, L

oYUl il olS l a4 ols Lis w3 oLS o mglBnliog (el o5 G ol Bk )l Lo aios ol o i AL
S9aote (5 So Oloin D)3 ol s Sl 590l ) nlpl g9l Sl G3snle 0F Ol Bk 5l leadsie S (liee (il sl
HolS alive Yals o ,Shoe g JolS5 o, i Gl conlshicands cou )l 5 lals .ogi o Powseo LASsig S i s j0 0aisS
oole (i a5 39,81 (b ol jo ol las iol58l ol pe jshay alSeiis ST ceges mhaw a7 Jl> o (g Syl a8
Bl GLas Al (o JB Ol 4l (oo A (reling

SS9 cnl 45 0o 5,5k 0% g MBS gmigilS )l ae (I8l 0 (YL Jemiliy 55 45 aims (oo (Lt b (nl (G ys AR
Ll Capl Pl Jgame Q.ﬂ Gil\i\.é u.‘l’.»b\ Sgus S j0 Dyd u>_'>)/L.4:~| e aslip o

S s it i3t sl 08 1S SlolS

do o
A ety osle g 5 ST Bl ol st s ol st sl ) S 008 el sy lS
Sdglin s 6500 (oplply (F) wijls ol Coonl Wi o il LS 5 o Sl o g6 o g1 o oS
oot G Wilgs g sl i T8l cga 5o laadgig 1S S goaaie glhanls o b wlss, ol (Je LS s

P | S I PR PR T CooS g ColS | olidl . . . . . e -
Jo ol bl ails s 039592 Mg g (il 9 )98 Ll Jeod wgid

DB (23l Gy (Slgbie s Sy Bse (510 R 05, o diga S (1) iyl s dasl Sy ]
Sl 39 anlys T ealats ogow IS
# S ORen s O] el 097 S 2 et o> Al o0l YD gl S 5 ¢ s ok oy

&l eols las (PSY) sl dgnld 05 oo g, doxie S35 a0 09,55 pplaS 0aSlils ¢ (Ll ST e
‘ Email :m.ahmadabadi@azaruniv.edu
ghe 5 05 ol sledsisy Olee m Sesy bl oS VA - dlio bl o g b




g2 IPAT laao) (e jumn 0)lamsls Prlg> 0,95 Hosdgw - Holuw oI9S gy sLo 030

b om g s 0y bl lo azels 5l (S SoeS
Y0 °C slos ,o (V) MINGY ol wollS Laoes jo S

JEl gl 5SS 31 G 1y o Sl dlS aiall ools I3
055y 5o i8S 1 esliiul 890 (5 S by 4 )
Lot o8 5ol (1) sl (5501 ()5 GeDNA (5 Jlal
i odls )13 olST JS Slige (g ng 51 YOS Sgegn J S
4 O JUES! j5iSg b oads sandsy (Db ol)d LS Gl ey
GRS Py S oliws jleslitul b 15 i slemdlS
59l 9hud ()5 i35 s 5l 00l b iz )15 Sl dllS
515 Sl 285 almil (V) joile 0B [(pmi) jlye 5]
Sl 5l e 53,5 05 Sgile (ol Lame (59, o5 Jlos
9k ol @il dame (g5, (V) JB)lST (b, b adsl
iy 3 «5d leS 5 DNA il gl sl s
b Hgax dul gl .ol eolaiul (8) Doyle 3 Doyle
oSly PSY (5 g pmil iS5 05 Jol adly Jusl sl
2 Sy olas! sl el sleslanl b lhends slo o
PMILF: ACA GCC yaylyy i pmii (6) o3y ol 5 olas
PMI-R: GTT TGC CAT CAC 4 ACT CTC CAT TCA
PYoS: TTG AGA ,ail,y > PSY gl 5 TTC CAG
YOS Sgegy sl 4 a5 CTT TTC AAC AAA GG
PSY-R: GGG ATC TCT ATA GCT 5 g o e
ol alowl (4T o 59,8 PSY 5 U518 40 45 GAA AC
5l ot gl il GDNA Sl oS5l Ve oY e holis 25T,
3 A5 i e See Yo - gttt Ighls 5, il
oS5l A MgCl o e Y (ANTP) laagstlssi ST
Slyesls Tag-DNA (o 51 51axls ¥ g o ool 51 plaS™ 2 5
42,80 ¥) adgl yguml gilsial> o Jolis 55 PCR doly 09
OC 0 asb Yo Lol as > 1) iS5 45,2 Te (30 °C 4o
bl o 5 (VY °C ,0 4l ¥8 55+ °C o agbi ¥+ A0
3l oslaiwl LPCR Joamo «olyd ;0 .09 (VY °C jo dadds )
5 o3l sl 0,5 bl AV 58T 5 s, 5558955
alie 5 a3 QLS GlSn o badsds 5 pola
Gy o)l g plalS o adels)lS sl L Ll

Syl plals S cdl (V) \Q"S% 9 26 by, Ll

1 Thayer and Bjokman

\Al

Sl el Wlgs oo o (it Ly 45 008 Sg00m0 o 53]
L bl opl Como el odls (B yre e loaSeisy S i
o5 PSY 5l a5 Sy JUa o, 5 el ol el
L.OA DY ) casl onnn, alil 4 50 LS 51 golosws w0
S99 ddts SO olawd 4 g5 e gol )] pes 4o PSY assy)
ety g 4l SO g ades ely; plalS ST s Ll o)l
5OV el oas plolis PSY ases G 5l i D2
e ¥ s B olez 5o oo oM 51 S lsins 58 olS
638k (255 Ll (saep o5 el o (3135 PSY 5§
3 Bl ¥ nl Sleidgiy) o) p b OV V) a8 (oo wdgs
ws oyal 3 pIAS o 45”00 Sy 0 e clezily
S b OY) Wl sl jaass sl ofys <l 0 ol Gl b
Lol iy aSlelil elpdeol; S Jloe e85 b ol
8l b Lol Bl 3 Wiy b 4 ol 51 A0S 4 )
FBrpolie aSyl a4 az g b .ol oaiid &1l wiS cudled S
5 Sglite slrand b adl asend ¥ jo sleisis) 5
ol o i g OF) ol onds (3155 08 kS
Sl o2 e Sy g0 4 ¥ cnl Gl g7y L LT &S
Ol Gk Sl 8l cnl e agsg )5 mhe Al sl
Ol sz LLT s (5)le 4 g 8o ls 0925 PSY (6 airiny
s s 53 o231 0l 2 5l o203 SS 2 50 PSY a5 ¥
O Fabl (oo oS dgaze D)3 LS 40 biaSsds,lS
el @l (o G ogas nl o Y Glo ()
05 Ol Bk 3l )3 )0 laadsis S i e g Sw0
ol gyt o9 wwlgs S yd 2 b 5 s b PSY
coi 1y oyl PSY 55 Ky Lo anlllas oyl o «o¥lgus ol &
ools Jlail &3 oL S 4y CaMV-Y0S sgec jigegy JyuS
Sl Slain s S 53 iy ol ol ol b
o ol y 5 PSY J1 i ¥ 55 45 iy 5 it
w0l L3 w0550 (V) S

b g, 9 0190

Shaal PatiHaa 3 F) oy iy 5l canllas ol 4o
39,5 ooliil Hladl Sl uSle gl 5l Sa jpmdyys
g oads gl agy 5l eslizl by o5 Jl 5 by coss

Sladad jslaie ol gl 28,5 sl (1) e 5 golloas|



Slfaat dano @i 0)losl o)l 0)93 HeSTe0 - Aol SiedeisSsu slo 03U

PCR ;I 5L cax £ov azhd ¢ conlin (pioen (¥
ClS polas jaly caiz leslinul b asy 5 lals
OBLS 55 09)0 & Sl (l (3390 JUitl oaims (Las PSY
OlalS 50 0ad iS5 slaail ialojl 9 2 50 .09 Cy )l

B gy

SWDNA (55, » PCR alojl 5l ol b 5,589 2501 (Y JSb
chr OVF clouly sumline . Jlazsl a5 ol 5l end gl s
S ypa> eaims (i w4 (B) b cax £ee 5 (A) ik
olalS il oo (V-A) sy 5 kS yo (2,5 PSY s pmi e
o S E3ul 5 Y g0 5lead 15k olS Jlem o 5 4 0-A 9 V-F

DNA (5) e J75 C oyt olS WE il

Sl QL&:L,S 3 oads C‘)M‘ sl 4.3\.&5) &lgio )..JLJ
Olis coulyine plalS b Ll awlie 5 HPLC 5,k
Sga Cu )l bS8 ludess S wges maw a5 sls
J595) Gl 03,5 oy ial3al Cdu |5 18 £5 dy Gand £V
Gl S o LS (nl @S azgs BB s ()
aiiled g 00gs o 0l ll8 g wisla ylis SG56)98 00
ooy Hlas o ools) wis S ader plle ol ool 5 e s
i Slgime wisu i GblS s (IS sk (Wl ouis
(7Y ) eili3Ys05 «(AVA~) GeliS555 Jolts aSgiig S
J onl bols glas g)ls (cme Ll (Z19~) syl
G133l e wile ol €l i3T5 il3SE5 s
3 GBS a3z ey 4 Wl (o0 A5, 50 (nl
5 e blb 4 a2 opl o 0l b Glals
15y G 5 =11 4 ol 35V 525 15558 oyl 05252
Sdlad (ol Llys 50 (Jg V) 098 (oo o umlS
S a Y il oo GuilEYas 0l Cux )0 452
PSY &5 obe a5 L3 Sldlhae o 5 sgolive ol a5 ol

\A¥

osn 9 @l alie MlS ylyl o oS Couly e g
JAA HPLC o&iwo S 41.....49.7 9 0l C‘)M‘ u.\)'.bﬁ 4..3[.’
dod M0 (6,5 ojlail g Slulis (glulas Agilent VY-
PN RINNIERTS FIREN L RE VI
Sigma ) sl loagisi 5 5l ouds asliss yolie
2 Ll s ¢ 9 00 (6,5 o3lail ((Aldrich, Germany
ST Galel nl 000 dpulone il Sis (55 el
Sl 5xSle dnglie a5 ol Ased ¥ L ja 5 b

28,5 el T-Student (yg031 5l ooliwl b Jol>

b asl

gl i3S al>ge paiz Gl e colialel ol o
CSls el e Gele Gyl dhame (g5, al SGLL
JB9,05 5595 b lewad sl il 51 g el sy S
a5 plil sgile Gol> lazes (55, ol plalS 255k ()
O Jss)

o5 JEl 5l e St cou )l 5 lewglS 51 plalS o550 (1 S

5 PSY-V gile (ggl> o (59, a5 9 (95 S by, L PSY

LS W Jits e 3 GugllS g0 5l oas 5L ols PSY-Y

IS Olgim S0l é ledllS jloas 1350
MS @l e o ol b ads) 5l e oo 550 LS
OLS JolSS g oy aadly JUsl Sl 4w 6l (07)
S0 Dol S g g og (ormb DS w5
Hlis o ools) wti oamlie iyl é LS 5 LT oy
asl Jisl o) sl jeax anl gl (ail sais ools
Sz jleslainl L PCR (ST wond 155k ool 5 lals &
9y 2 PSY o5 g pmi Ko 5 05 (polazs] slaealy
ws,lp pllS kS p l ead gl (seps SDNA
LS p5i5 5l 65l cdx OVF axkd G iS5 285 plox]
Jpam pmi 5 solail el s 5l oslisl b sy 5

JS8) 0,5 anlb 1y el (llS esy jo F (nl (Sod



g2 IPAT laao) (e jumn 0)lamsls Prlg> 0,95 Hosdgw - Holuw oI9S gy sLo 030

ols i Sl 5 gogas b Ll polie 45k wnobliSs
loadeiis) S ol Bl Shilge a2 Jdg,lS Oliae (a3
OFF Jd 5l s pllS (S e PSY anie ol o
o ol b OF ) el ot ssalive i peragiia]

(ﬁ) Sl OJAT Cowdo (5'5LQ""° Cul.u ‘ULAMJLQ)T )l ‘-g).a °
355595 sledsge 25T deiudlyg IS 0 aSol 4 4z b
oSLeeS wgid anlB 0 2550 sleiSsn 5 S5 L
pae Lyl 10 a5 S8 ol o ol oY) dims o e
S L gl 525 LS JB9)lS Gliee cosle i 0508
A8 Al a8 (oo oy Gl 3915 4 aeis) IS
L:m..j}..,”lf PFE C.Ia...u )‘.) (o u*...l)sl B 05319 m\iu‘
0 olalS (nl kS p g )bt mhaw (u )l lals e
Al il as o VY sgas o)l i e s b anslie jo
odos u,....’)u as cC))\.b 6LQ§;» PLERT-X < L)L“'“" G‘L"’ U"‘ STV
@Yl ol Jonily s (o0 S5 1 olS ol olegen
P s (6850 B3k 5l (59,15 By (e T 10

R PR N X\ P | - PERGON-Y [ v Y| PR g S

\A

Col 00 008lis (A0 03,5 S pramn gil, T oLS J5 1)

0hD)
ol it el LS 58 Lde S 5 absis S lgie (V Jgo
Sl Y 90 ¥ g ) ¥ PSY ain o b o,d sl

SiS (39 005 2 0 HE elel p leadsiig IS polie il oo Jiis

RHPRWIXIK) UL..J jﬁ

YooY VoY CSu )l ol S 5 ab
YOIY £ #10
A INGRERTA ol ss
YYSIY £ YYe/fE QY
VAIY T YVa/ £ \Y/F RCE XN
Yevie £ \RAVES
I YV o YAY/E £ AE ol 31T
YOOIY £ YEL[EYAIY
YN 0fV/A £ OF/F iyl
ARINAES VoYY £
AN Ny AR oS5
\NaTES YOFI/A £ TYVA- £
YASIY T vovs” YYA/$ B L k5
\YEOYIY £ VY004 & Ve £
ov-in " Y\AIg s Yao/A A Lsg ks
\OVO/S £ YOAV/E NARNES
Y di QYA \-AIE g IS L
YoFY/F + YLOvY + YRV OV
LY ABJE T V) /f asgiig IS JS lade
VEYASIY £ ASYYEE (IS AYRES
FAAIY DS ASYIA ™S A+ Y¥/A o Jdg,dS IS Juie

Lraih b goe WS Cou )l e go b annlie jo a5 (g nolas

LNEEELY

oy ) il mhaw jo s pxe

0 Jlaxsl mhaw jo Jlade 1M o0 8 Jleis! mhaw o s e M

PR 6)‘“.‘5 Sl o)tl...a

PR RT]

et glel a5l oglas el Al o pxe SralS ws s

D 4l

= -
2 Ladelis)S mhw Rl ) geasie Sl )T Jw b
() Wil ouls Sl PSY ain by 5o,k 5l (LS &0
anden Ol rgas 50 Gyl gl addllas ol (J nl b
u.!‘ )‘ o..LoT Cawdy C.al...u 4‘515 )5.144 ..\.M:la * u)b )J ‘1,.»).'1 U"‘
Sglaie adend ¥ oluld 029 L a5 aoo oo lis ubod
aile (8L 50 55 el Gl YY) &3 8 PSY 5
ey 0l (o 0 Ol GRl33I b el 5 05l g0 00iS
S9y i Pl asS o e (D)0 jo 1) laassdy IS adgs
ColB, 392y b caSi) o 4355 0l il 38l ol JalS5 5
Ol 3l eolaiul po Ju89,lST 5 aaSels) S i (sl e

lo Jd9,lS g mhaws (59) (e 75U L & daadgiiy



RN

*®

10.

11.
12.
13.
14.

15.
16.
17.
18.
19.

Slfaat dano @i 0)losl o)l 0)93 HeSTe0 - Aol SiedeisSsu slo 03U

&lw
Ahmadabadi M, Ruf S, Bock R. A leaf-based regeneration and transformation system for maize (Zea mays L.).
Transgenic Res, 2007; 16(4):437-448.

Botella-Pavia P, Besumbes O, Phillips MA, Carretero-Paulet L, Boronat A, Rodriguez-Concepcion M. Regulation
of carotenoid biosynthesis in plants: evidence for a key role of hydroxymethylbutenyl diphosphate reductase in
controlling the supply of plastidial isoprenoid precursors. Plant J, 2004; 40(2):188-199.

Burkhardt PK, Beyer P, Wunn J, Kloti A, Armstrong GA, Schledz M, von Lintig J, Potrykus I. Transgenic rice (Oryza
sativa) endosperm expressing daffodil (Narcissus pseudonarcissus) phytoene synthase accumulates phytoene, a key
intermediate of provitamin A biosynthesis. Plant J, 1997; 11(5):1071-1078.

Busch M, Seuter A, Hain R. Functional analysis of the early steps of carotenoid biosynthesis in tobacco. Plant
Physiol, 2002; 128(2):439-453.

Doyle J, Doyle J. A rapid total DNA preparation procedure for fresh plant tissue. Focus, 1990; 12:13-15.

Fraser PD, Bramley PM. The biosynthesis and nutritional uses of carotenoids. Prog Lipid Res, 2004; 43(3):228-265.
Gallagher CE, Matthews PD, Li F, Wurtzel ET. Gene duplication in the carotenoid biosynthetic pathway preceded
evolution of the grasses. Plant Physiol, 2004; 135(3):1776-1783.

Giuliano G, Bartley GE, Scolnik PA. Regulation of carotenoid biosynthesis during tomato development. Plant Cell,
1993; 5(4):379-387.

Giuliano G, Tavazza R, Diretto G, Beyer P, Taylor MA. Metabolic engineering of carotenoid biosynthesis in plants.
Trends Biotechnol, 2008; 26(3):139-145.

Havaux M, Dall’osto L, Bassi R. Zeaxanthin has enhanced antioxidant capacity with.respect to all other xanthophylls
in Arabidopsis leaves and functions independent of binding to PSII antennae. Plant Physiol, 2007; 145(4):1506-
1520.

Howitt CA, Pogson BJ. Carotenoid accumulation and function in seeds<and non-green tissues. Plant, cell &
environment. 2006; 29(3):435-445.

Li F, Tsfadia O, Wurtzel ET. The phytoene synthase gene family in the Grasses. subfunctionalization provides tissue-
specific control of carotenogenesis. Plant Signal Behav, 2009; 4(3):208-211.

Li F, Vallabhaneni R, Wurtzel ET. PSY3, a new member of the phytoene synthase gene family conserved in the
Poaceae and regulator of abiotic stress-induced root carotenogenesis. Plant Physiol, 2008; 146(3):1333-1345.
Lindgren LO, Stalberg KG, Hoglund AS. Seed-specific over-expression of an endogenous Arabidopsis phytoene
synthase gene results in delayed germination and increased levels of carotenoids, chlorophyll, and abscisic acid.
Plant Physiol, 2003; 132(2):779-785.

Moehs CP, Tian L, Osteryoung KW, Dellapenna D. Analysis of carotenoid biosynthetic gene expression during
marigold petal development. Plant Mol Biol, 2001, 45(3):281-293.

Murashige T, Skoog F. A revised medium for rapid growth and bioassays with tobacco tissue cultures. Physiol Plant,
1962; 15:473-497.

Qin X, Coku A, Inoue K, Tian L. Expression,subcellular localization, and cis-regulatory structure of duplicated
phytoene synthase genes in melon (Cucumis melo L.). Planta, 2011; 234(4):737-748.

Shewmaker CK, Sheehy JA, Daley M, Colburn' S, Ke DY. Seed-specific over-expression of phytoene synthase:
increase in carotenoids and other metabolic effects. Plant J, 1999; 20(4):401-412X.

Thayer SS, Bjorkman O. Leaf xanthophyll content and composition in sun and shade determined by HPLC.
Photosynthesis research, 1990; 23:331-343.

Yo



