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Molecular cloning, expression and characterization of drought
responsive promoter of linalool synthase gene (Lins) in some
populations of basil (Ocimum basilicum L.)

TS a5 TOIS 1 aabls

O L P CONAP CONIN L -+{ PR L S T TGO PR S AN LI
Sl Glojle o) g8 dlfjuJ.Q Ol s 30 (S50 T Sl e loliul =Y
Qlﬂ. sdlj.@_« ;6))}[.&5 C’"}J; 9 u&)}»I

Khakdan F™, Shirazi Z*

1- Assistant Professor, Department of Biology, Farzanegan Campus, Semnan
University, Semnan, Iran

2- Assistant Professor, Department of Biotechnology Research, Research Institute of
Forests and Rangelands, Agricultural Research, Education and Extension

Organization (AREEO), National Botanical Garden, Tehran Karaj Freeway, Tehran,
Iran

f.khakdan@semnan.ac.ir: S5 xSl oy (L3 J gine sk 53 38

RTL S
Y841 Olasl ¥ o lod (pdad 0598
1Y - VoY axio

OENVTE o s b = WWAANY/TE sdl s ) cuuS>

31 Skt Oloyd 33 (ww b 33 &5 saze § (29910 ALE (Ocimum basilicum L.) ol
x> Budgilgy Jed 9 BinF (Fefuw dby Jgign 0p5 (o0 S ookl 3590 BSslew
NP O FPen s 5 1 Bidgy § 3 (e gh BB a3 o0 S 1) Ol s il ook
S i £lail ply 30 ol food uwilo 33 (2B O 1 Cdedy & wdd 0 Ci5 Sl
Pz pud 33 Sl @ 3T (LINS) Sl Jolld w2 5T b0 cunond! 3590 sl (Jruomo
Pt 1 JPd 26 o5 4 15 (GPP) by igige ol odbogin b g 5
S A 5 GRS 3 SIS G 0 qerp Glp Pl G 33 b3
O (o Ol 995 Obmy (29518 0395 4w )3 JoIld uF § Fhwgw s p (S)I8 paduud
T 4w 9 (Bl Cud b o33 1o ) Al Tl eh 30 Sl uwgn swo 33 ODLINS (suls”
G160 pomi ) w19 31 odliil b o (£15) Cud o o yd YO WY g 00 WY Yo W) Kis g5
05 Ol S9! il 0gou adllae sgliedy (b (s (ART-PCR) (ABly Oloj 5o 3ty
35 PODLINS luilely 3 ,Khoe 36T (b dastin (8 ilulua ( SKid i Lol o ObLins
Jolds (K i3 4 o dFuly ol polis (OF cpf alely 5o s Ol s .o §F ploil
J= 9 CBFHV ¢ DRE2 (CCAAT-Box W-Box WRKY710S MYB-site MBS
3929 Sis g b a>lg0 33 ODLINS O3 (518 pdsuui 10 § 50 (510 pasiud S g5 Jlait
OF§ ol Sbes » 53 pODbLIns jlusfely J s cow GUS Koyl 0f cdgn Ol 0518
Slhowis” Cugdi 9 byg b Jlail oSl ¢ vl slacis-element jeas b 47 ol Ol
(T polie Hglam ) dxgi b ol OF (2l 4 Ol g calud 4 3B Hluilel) (ol (i gi9)
Sladtely cpl 395 50 ! ODLINS O3 H1ifoly 3 S ) s § (St ) S gid 4 oGl

S OT (w9995 Of w0 ealiid b (o ST 4 ey 55 OBLINS 03 Ol 4 506

Soals slaejly

oj ol
slaslel
oulid polie
Joltd


https://mg.genetics.ir/article-1-1695-fa.html

[ Downloaded from mg.genetics.ir on 2026-02-22 ]

O, 5 OIS aabls

e 3if0ly b daseio § Ol « Jeho (& jludiluon

Slaws ekl ST 1K 4 e 8 oles Y
L Al e S by e 5 3530 g4 02 (DXP)
i 3 osle opl (Blaze 355 o A5 MEP DXP Ll 5 1
Colg o5 S 3530 HMBPP Wi &0 e eyl > s
bl saesle iy 4 (HDR) 55, HMBPP 5l Lo 5
5 el b sl in 53 opl 55 e s DMAPP 5 IPP
3D (Ling) Sk Jbd w3l o GPP 25 5l
S dI) S5 WS a4 G @l 5 g8
S 2k sl (Eisenreich et al. 2001) (\ (ISK5) Ly, e
A s s ek 5 S L LSSl bt
3 5 e QLS 4 S5 (b ol 4o 4 05 5ae (golal
cals s olS 5o C‘f‘:‘”\ S Oy Lo Ol
St 4 el 53 5 by Sl ey 5o OT Olpe 23l
Lol a5 s @slasl 5 5l sl a8l 15 o
Al

Sleday i SLysSU e SIS S A
OLLS ed e 5 ool by asllael I3 &S W
OlalS das e 0lis Ollas (Akula and Gokare 2011) sl
S 03 357 Dk e sl i Sl s Ol Bl ol
Sl FUS s S| 5w Olgen badd g 5 shae 515
OLE,850 5 b 0> e Al I L 02 ) 4 )
OLes axsd8 lalllas (Khakdan et al. 2016) ol o oslina
Pl Cow by S e 3l 5 ()13 pasied sl S a3 e
Shpsls oS ki 5 (Sa aler Sl e e
Cple mhw 5 Gmess Sob b e b Ol akex
Schmiderer et al. 2010; Grausgruber- ) Lb o 2058l
.(Groger et al. 2012; Yadav et al. 2013

L5 oas Jleb 5o i) eVl b 5 oles sl Jis
Lo e ol Ll a4 muly 5o (gols a5 Cailes
Butelli ) 5,15 ot Cuadl 55 Jsher (lan sy Cilisin |1
ol B sl S ke cwdige slacila; o5l (et al. 2008
Sra Sdpbe e 3 ol glacdple cble
asly o5 saslulely 5l g8 5 goltle lajslilely 51 eslacal

doddo

ke 5 sl aLS (Yn=£A) Ocimum basilicum L. Ol
St S i 5 Saen S bl 53 <Dl sl
QLS s 5l (S Olssar 5 S e i, Ol Loy
Dby bl 355 o 13 oslind )50 il W5 sl Jlame
Slaelll o 55 550 (Glods <Ygsb=p§iﬁ> sls s 53
5 SSlogyl g DS 5 2 by Al mens ol alsa
(ol plde @L'«.o 0o ol el glils pgls
Gang et al. 2005; Kicel ) ol zilig - 2l)] 5 g5l ae
Oloys Glp s ssbas oS ol Slul 1 (et al. 2005
Sl s o3y UK cd Jlgul ile slacsslas
s Sl bS5 5 5 s sl e ealitad US4l
23 peelegpdS S bl s St Sl b Yleds
Ekren et al. ) 5,5 » 13 eslinal 5,50 s3lusls zbe
(2012

shos oz ki sl Jod 5 LS SsSem dagy isise
Sy BB e s e (WSS Dby, il
S s S JA LR Sse S5 L bk S
ol Lyl 3l ke Oy ooy cilie (slaes 55 3 OF yslie
itz oo ¢ 55 4 e &S AL e (S50l e 5 2l
Lo Jé OlS 5 ladd s 5l ol oS ool 5o S35 5
S Fesb s s Jolse L OLLS uSOla pl 5l bw g oS
e s S ¢lsl S8l 5 s 6LAV.....:.§L§A ale
S5 e O S M LS e U3 G s
4 Al o Oy obS Lo gast Jans OLALS bl 3 54 50
2355 el s e s b 53 0T 58 L esdle
(Kim et al. 2015) (5 2500 oot (yils b Ol o Oy
53 oS Jeo eilSe s bl ade by Sl clew
Wil Coenl syse sl e b5 ElSl
.(Gosztola et al. 2010)

el Silsn 4 el G e 3 Bkes I

1 Lamiaceae
2 Trichomes

o i ins e B



https://mg.genetics.ir/article-1-1695-fa.html

[ Downloaded from mg.genetics.ir on 2026-02-22 ]

< lilely gbaasuin 9 O Joese (SHlwdiluon

I 5 Ol abls

gy 9 Olgo

3 ool Okl 51V (s 035 o g Olow s ol 03 5 4w 55
el Sl e 5 A3 4 Ok Ol SIY 5 Y () 03 58
b s L LS s bl bl S S s G
Eoly asdlan (g Bl A ol S sl am s YooY (gles
oyl Gl ) e aus s SKi S el 5 4 ObLins O
OS5 gl a3 G35 D goay SAF GRS e glasles
5 (B cd b Ao )5 YO WY 5 00 WY (Vo WY) i
Jlasl baazmalS 655 2 (23 oad b a3 Vov) aali oy S
53 AUS A e el B 55, YA e 4 OIS aalsl s
A sl ool ol s Ba IS s, e ol o b
Sl g lad s Sl eslatad (,S0) OIS an d>

LA G 31 Sl am s —AY gles s el
Dy Gob ey S aslles glacsl 5l S RNA
S eslial b Sis 5 i s 53 Ol aallls
@lks 5 (K1 dnvitrogene =S ,2) Biozol J fows
CokeS o IS sl olisle 0550 (golelny Joadl g
Aoy o 38T U5 Sl eslizal b edd 2l sl RNAC S
S b s bl el YA e Jsb s e gy Sl
Thermo ) Ojils <. 5l esll L Js RNA ¢J§jf<¢
colg s s eslesd eDNA =Ll (¢l (Scientific, EU
FdsSee 53 p S S0 Eer w5 ease 35 CDNA LIS
R R P B A CINT- PR TP & S W g
Sy slo iy (2815 OBLINS 0 Ols oS o) » skt
s et b Sl 05 A esliad a3l Ol s
Yo b L STy b esliel w e 05 Ol sisa; AB002819
S 8 Koy gl bl 1l S it ol 5 S
9,54 V/0 «(Solis BioDyne s ,: ~.s) Eva Green
ol gl SHET 51 v/ YopM (e vng) A 33, cDNA
o> ol 5 (V Jsa>) (Lins-Ry Lins-F) 28, 5 540
A3 plil Qiagen =S 5 =L Rotor-Gene 6000 Kis s
o3l S e s 40 Lols g s les st o Ll s
AT L st o £0 e adl (gilucd puly (gl 5 agds V0 e

Sy sleci uly Cgr 4l Ve b 4 Jljfdu'lﬂj a5

o e 53 Kl e el ol e bl 55 e slind
sobastl Gl s IS Glaw T sasus glaol Ol
b ol slacd e a5 Blaze 5 456 slacd ploe 3 s

(Deyetal. 2015) &l jie i chle

MVA (Cytosol) MEP (Plastid)
Acetyl-CoA Pyruvate + Glyceraldehyde 3- Phosphate
‘AACT N
| l DXS
Acetoacetyl-CoA -
HMGS
DXR
HMG-CoA
HMGR MEP
Mevalonate /
! _—

(IiP) / " DMAPP

GPPS l

LinS
GPP ————— Linalool

A o gt s =) K2

BB Sl 53 el ol ol wase 0L Slilas
odad D A OS pe s RS s s S
N s o 53 B 5 s s SL0O5 > LOT
S Sledamy Sl b 5 Cl g b 5 ke G
s MYC a5 dole (5)ls pasens s liS o las sl
Ll .(Liao et al. 2015; Wang et al. 2016) >, » J =S MYB
AL 05 sulely adas lapess o5y SOl O 2SU
gl Bl 53 05l Ol s ol 28 5 (PObLINS) ke
G opl 03 (plply Ak el s 53 (e Sl i
S JP 05 S asS edlSe  CE Sl
5 o oS A5 5 J P s e 5 (OBLINS)
@olelder (i 2 Ll i 05 cpl O S s
oS Glacdipe b 05 Gl Ols Olgee aaily 5 05l 51kl
05 b stoes Ol Wl 53 s 5 35 J1 5 sy 550
St 5 0555 oS L3 5 sSde SILlel, cms 'GUS K158

A 0k sl

1h-glucuronidase


https://mg.genetics.ir/article-1-1695-fa.html

O, 5 OIS aabls

e 3if0ly b daseio § Ol « Jeho (& jludiluon

ci8 ST Olpea SHLT Habsl iy SHLT olgew
touch-down  faally szws 31 eslizal b La STy a2 eslizl
a3l S Bl s AL ol il 4 23l 2SS PCR
Sl ey A8 L e oy e 2 4Bl S
VY sl 80 e w ol S Sl am s I il f0 e
a3 A8 L at = YL 5 b 80 Sie 4 ol S Sl a s
80 e w3l S il am V) Wl E0 e @ ol S il
o AE Jls 4B 10 e 4 5l S ol am s VY all
Kim and ) glassmilk s, 4 J5 o, 3 asl o8 J s
PTGLO-T L ;5 5 o355 il 2= (Morrison 2009
Lo osliw b b g gl p 5 oleailaen (O lStw &S ,2)
s UL Iy EditSeq , BioEdit Sles 5 eslinad
alsl 5 el casa plg JIg s b POl Olisgs
5 bt BLAST (30T el s s ol I ankad ds 0
TSSP (sla,l3blp 3 3l s 5 Aol salisay aalsd Coms
Sasl s 5l 5 e ssslel abkid mL o), BDGP
3L sl ‘PlantPAN 5 "PLACE PLANTCARE L=,
S5 o e o Slee slacidse 5 sy else

A eslinal Lais ) s

1 Transcription Start Site

2 bioinformatics.psb.ugent.be/webtools/plantcare/html
3 http://www.dna.affrc.go.jp/PLACE/signalscan.html
4 http://plantpan2.itps.ncku.edu.tw

VY &S5l s el Y e 4 sl S ol 4 VY sl
5l Olebl Cgr s JUs 4l Y e w ol S sl ax s
o 05 2 gl B S el Ol e ) ey ST
e b a5l 5 (SIS e 5 S IS
ool als 3 b 3 PCR LIS SHLT cuix ol

L3 ot LCDNA JL ;o slac3, 4 by o slaCt
CTAB s, 5l eslazwl L) ook o35 51 es5 DNA
L e~ .(Aboul-Maaty and Oraby 2019) .i (ilulas
L O. basilicum ;I Genome Walker £lols cole 5 oslaal
Clontech, ) Universal Genome Walker Kit 3l -z 5 S
wost sbay 23S bl Sl ilulas LS (USA
ECORV iy slampl SeSa DNA ojline slacs,
4 e 9 03,5 5. Hindlll 5 EcoRI (Eco321)
sselsl 5 ST JIg cad s Lae glazdy 53 glaplsl
sulal @ Jeate DNA Gl e ool 0l 03,51V s> o
Sl A eslial 3l ey lo iy STy sl S Ol e
sl Ao 103 5 e e 53 3 Sl oS
obal gls ST 5 Sy SHET Olsea SHET 5 lsl
Jsdx) ws eslinad o, ST olyea (pLin 2 5 pLin 1)
S aS as oy Glopas Sls Jold e > ()
ey Sloys Sls Jyams oo 2y 5 o8 ) lals,
Y oosled olantl sla ST gl oS Ol pon sl Al 5o 5o

PObLins lulel, JIys G 5 ObLinS o3 oly 56T sheas 0t o1 b sla,yulsl 5 s ST =Y Jsa

[ Downloaded from mg.genetics.ir on 2026-02-22 ]

S SAIT/03 eb
5'- TGAGAATGGGGCATCAACTG-3' Lins- F
5- CCTCGTTCTTCCTCCTCCTG-3 Lins- R
5- TCTATAACGAGCTTCGTGTTG-3' Actin- F
5'- GAGGTGCTTCAGTTAGGAGGAC-3' Actin- R
5- CTATAGTGACTGCTGGTCGAGGGCCCGGGCTGGT-3' Adapt-1
5'- ACCAGCCC-3' Adapt-EcoV
5'- AATTACCAGCCC-3' Adapt-EcoR
5- TCGAACCAGCCC-3' Adapt-Hind

5- ATG AGA GGA GTT GAA CTT AGA GGC ACT- 3
5-TCCCCGTTGAAT TGATGT TTT TGC G-3'

pLins -\ _olamsl S5kl
pLins -y L olawt S5k

PN


https://bnrc.springeropen.com/articles/10.1186/s42269-019-0066-1#auth-Nadia_Aboul_Ftooh-Aboul_Maaty
https://bnrc.springeropen.com/articles/10.1186/s42269-019-0066-1#auth-Nadia_Aboul_Ftooh-Aboul_Maaty
http://www.bioinformatics.psb.ugent.be/webtools/plantcare/html
http://www.dna.affrc.go.jp/PLACE/signalscan.html
http://www.dna.affrc.go.jp/PLACE/signalscan.html
https://mg.genetics.ir/article-1-1695-fa.html

[ Downloaded from mg.genetics.ir on 2026-02-22 ]

< lilely gbaasuin 9 O Joese (SHlwdiluon

I 5 Ol abls

bl 5o Y udieag 5o 0 pl ki s sl (ol e
o3 YO 500 4 e o0ly b Ao s VO LS e
sl DL Oy ials el oS L oaslie 3 els i b
W5 G Ly bt gl S e 05 ol MRNA ko
0 Cla.w).:\ Gk o35 53 ol 5 /AN 5 8N Camwy L L
Olgee il58l bosls il 53l s Say ol s b ws s Yo
Yook eas 03 2y Ld b Aoy 00 ke s 05 Ol
Ol G150 ek S LINS 5T odiiS i 5 05 45 Ll iy
il e bl 5 s opl s (6ol s e o
Oly (Sei 5 o (Rl a geoly 3 o35 cnl s esdleny
glabde LB sba 15 Jsl e 4 S 05 (] s
05,5 4 o Saln YO Rl e STl el
035 b amlis o3 ol S b o3 YO i mha s dala
e S ST kg s edlew A sdalis dald

S edalin O Qi‘

9
“W1=75%FC
8 .
. #W2=50% FC
BT
= ~W3=25%FC
EXE
8
£ 51
g 4-
7
A .
B
=
2
1 -
0

AcNo.3
LSS G Caed Ol (65 0355 4w 53 ODLINS 05 0Ly -Y IS
L g besls a4 S ka5 s 28 Olgew Actin jlaals 0 0L
LA ILT0 gl sme o 53 SOl glaals e 0o
Vo =WL 0 mhau 53 s ime sl Sl d € b @ cilos Ly~
Loy Yo =W3 5 el b b asys 00 SW2 (ol b b do s

Flr el b

A S5 Ol p (S 45 50 ety el
J_:Q‘)J..a)lx ub‘)\v_}“ }w‘)u OL.;/J“)\ \ 6).1.! ebjj g
oLl 05 Ol s (Khakdan et al. 2021) GC-MS slacsls b

Bl e oo

e S25058 05 a0 a5 pObLINS Jals 55 o3l cles 5l
<8y 3L 5 pObLins (5= pTGLO-T 3L cconl o
A esls 5 HindlIL 5 BamHI s o 51 53 L pBI12L
CaMV llel, Joe 55 pBI121 3L Jsls « pObLINS e
b s S sype Skl askd oplaly . Glel 35S
590 3ol 5 Shae andllas gl GUS Ki)l58 05 VL
28518k

Agrobacterium « of Jlxl pBI121 Ll o3l dob 51
ol Ol sanil 5 Jeally g2 (3.0 C58 4 5 tumefaciens
e A el Sambrook and Russell(2001) L. s ¢ SU
53 el WASYE Sle o b A esls ojlal e SUs ST
U L PLINE U RPN I JVICHCL S A
Jsb ;30D b ws wayvomg/l peslssy 5 Ve mg/l ke
L Oss Sp @il G ey G BN 4 N0IM 2
Lo Syl o bl s s i sy ST S sl eslal
590 dses 3 GUS Si)l58 05 w5 (Wang 2006)
LS . walsl s (Jefferson et al. 1987) i S 1 3 axllas
5 eagad 3ld SHIS sG55l ) Jskome 3 oo i)
Aenls S L (e YO Mt o By SO Dde 4 e
s YV les p3 el YE B an o S 5 sladiyas g
G s esls 13 as,s VO bl s LS 5 of 51 e s S )3
sl 3 s oy plle OF BUI Jd5)0S LS Gd Ol
el s IS JalS G 5 e Wakiped 51 (ls oS
NGRS

Siat i el s 53 ObLins 03 olo Ol 5 S oy
Cod Ol (6o 035 4w 53 ObLINS 03 Oly ¢S &l s
Of el sl esls 0L Y IS s S 8 bl s
R TR adlas 3540 035 4w WS, s> ObLins
53 sdalie ()l laes 5 (Slite Oy Ol b (SO
Vo ol bk mhaw 53 05l 0L Y 5 ) ok s 5o a
ol dals oy S L awslis 53l YOV 5 ANV Lo


https://mg.genetics.ir/article-1-1695-fa.html

[ Downloaded from mg.genetics.ir on 2026-02-22 ]

O, 5 OIS aabls

e 3if0ly b daseio § Ol « Jeho (& jludiluon

Lols b oablie gl olS 4 ols pres 5l 5 Olges
Vickers et al. 2009; Loreto et al. ) (Ll o SaS anb 8
o 5 M5 Co s ekiSeled oS bsas (2014
22 250ls 5 are QLS bl 53 sz e Sl e LS S
slacdles Jas b b e e Cpllaal il Lyl s
Sl e 53 S5 ST 5 05 Sl T 5 6l pasis
05 Sl s il = glan 53 Ygame &5 il o S sile
5 e ol pased Gl e Ols e Sl glaan
(Vranova et al. 2012) coul ;L) LB a5 51 e Ol joss
Loss VO 25 sl 5o SIS 05 laasd SRR b
ol ) eag ol Jole 5 SR L L e el e b
i i a ey ol Caslie I8l e s 5 sl
sl

pObLins 3lulel, JIy5 50T 5 (g3lwailaen

6355 53 ObLINS &5 Ols Ol oS 513 OLES 03 Ol 5JGT =l
S A5l sk 5 Y ok e 4 i ) o
) ok ey sl Yl (LIS Bl 4 il e 2l
et ol A3l i 450 OlS 5l 4 cos L)
oS e gl by Jasd 51 (sl ol S 5L 48 500 5
Sl Pl dasl s ¥ ol o5 4 e ) ol e e SUS
ol 53 S5t et Wl 5 3558 ol 22y S5
Ll odd flaze JSl A5 G 4 2l o4 05
Ll s aars Lol o o 00 s gladsle nlnly
3 285 p0lsle S 5550 05 Ol SRl Bl g 5o (s
S5 s e i lase bS5 sl ) 555 b e
S s ek slaed S e Ll s s 0L ¢l
P slagal Wil o8 Gl SdaS B osls (Sl
Wang etal. ) duS <G o e ls , S pl j gl bl a | olS
143 03,50 Gty gl opl sl (2016, Wang et al. 2020
Jsb 53 Ol 3 5550 05 Oly edli olas & (55 s
oS laciise Lol (i 5w el s
andllas OBGl o dloas 5 duy o ey (5H5 0 OF cpl Sl
oAl Si i lald e 05 Ol WS g Fes meS

53 05 ol e Ol Ol LY (o e cpl ol le e

V ok o35 53 ObLINS o5 Oly Ol e iulsl ol jenas &S 313
Lo 31 5 Sl Il 55 JI) Jce WY s o
Tl 53 3 55 05 (el Glaesed slAnd oS 5 ul Ol a8
e oS ¥ dh en g 53 S1SdL Jtals s s S
o o= ede b ObLins 05 (laasens sl il W)
Looler Ll il Salas GC-MS claesls 53 S5
S5 55 05l O Ole WY s 5 J b oS5
Sis (58S L 03l Ol 2alS wslsl s 5 sls OLES (gl s

ol e WY s LS 5 oyl
b5 Sl cdple s MRNA mlaw 55 Olajes 5 slaze 0L
Al e e A bl ys ) (650 es s s ObLins O
Fss MRNA o b 5l Ll by Ssise - s
Dudareva et al. 2005; Kampranis et .) . 5 oo oo ba sl

al. 2007; Lane et al. 2010; Grausgruber- Groger et al.
Sl e s BLISI nlpl (2012; Zhang et al. 2019

a atly S D pon Jl L OBLINS (slasss
G Ll ge 53 S 5 ) e B edianples | S
US55 mge G 03 ol Oy S imen ol (S22
Sdplie sdas s G 40 ol gl i colua
Lyl 5 Ol andlas 5550 5 slaes s 5o J L s s

2l (S RS el S5 - lan
W65 B o b S e e 5 el i e s
ik 300 5 Slrw s e 58 5 ol ol Ll
olallks .(Akula and Gokare 2011; Angelova et al. 2006)
3OS (s b oS Sl e Ol geay das e 0L
e sl 15 a0 adhe Cblis gl i g ]
Ol il S o oslinad LS 5 Sis alax
Sl LS5 Olpsa (Si A0 L el g0 by S
Vickersetal. ) el eds 550158 oLy Sldllas 3 laS)
S S5 5e e > (2009; Proshkina et al. 2020
Olpeas Ll 3 a5l DLS 5 o g o Slodias maly slad)
Ll a8 ol 0llS Js 25 s S 03 Sl
bt sy ol SLS 5 o 5o S o S8 aes o pllasls

1 Drought stress-dependent regulation or Drought stress-
specific manner

S



https://sciprofiles.com/profile/1124827
https://mg.genetics.ir/article-1-1695-fa.html

< lilely gbaasuin 9 O Joese (SHlwdiluon

I 5 Ol abls

el 43 8513 (ATG) e 5 5,5 058 51 5VL Sbois
)‘15 kfd)f })}A LAC'S'eIement )j.é;- LS‘f )"J.;\eb Lﬁj‘}:
sls LS @l:.i Sl o 03ls QLY Jad s @Lﬁ PRGOS
Jela (s,5 2 slaCis-element (s 5> pObLins ;lulel, 5
wlold Gl b b AL e CAAT 5 TATA ar
b glaciise 5 WCis-element oLy ole sl
Hartmann ) CANNTG JI s L E-box ek ole sls 0L
el 53 OS5 Oly 53 fge ol s S (et al. 2005
m.xf C)Lﬂ.“.b.ﬂ .JJ‘J )j"b pObLlnS )"Jj‘ob DL 4\5 C,‘.w‘ )},;
g DS Gl p el 55 4 atls i s e 0L
A Gl nspl il G WIS geld (g5 aeli
a3 Ry slay sl @ e.L;aazfrnli gﬁxﬁﬁé;i ol S
bli Copn S Sl 5 Slsenlr e cdenl s
ol 53 5 TCA-element 5 TGACG CGTCA ABRE
Agarwal et al. 2006; Liao et al. 2015; ) s sdalie 3llel

.(Wang et al. 2019

5 Slelr bols &8 addlae welsl (gl (Ko 5 Ll Ll
Fols g e Sl kil ObLInS 03 Sl labs
53 0T @slize Ol Ol b 03 ol SIlely L3 55 sa ales
b Sl (Ko S 4 el

S5 Genome walking %5, 3 eslecad b oasdlas opl 55
U8 Shin VW Uk L Gl 5 BUTR ) _zesV
5 A Bl pPTGLO-T U s anly 55 anks . 2dl iS5 (¥
A5 236 BamHE 5 w3l 51 eslisad b (ilasiloan (]
(Y )

S 13 skl 3550 Gl M8 e S 55 sl iU
BLAST «sl s 5l eslinad b il la s Sl b J155 0
Como Al 51y Salg 55 kB S 13 Ll g 4 50
L s sgmse JIg LS Olgsa pObLins Jis  JIs
s led 05 gl ikl sl NCBI Sledl
ool b e sisy g0 ol ad A3 oof MWT27283
4S sls 0L mls A3 sll BDGP (TSSP (slaljils 5

1V ObLins d} LS\J" [ cf'i"d:‘i'l cf”'i)';jj @J‘;’ alillz

[ Downloaded from mg.genetics.ir on 2026-02-22 ]

2 bp

Illiillll et
21226*
5148
4973
4268

— 3530*

2027
1904
1584
1375
947
831
564

Lins-F _olamtl gle 51T 5l aslizad L PCR 28Ty 51 Josl Jpamms 35505 501 (il OBLINS 05 516y (g3luwtilian 5 (g3lalir ol o Al Y IS
gy 2n Sleslizad LpTGLO-T L s PODbLINS jlulel, axks (g luailoman Aol (0 (M) 3l 3 5L Voo DNA o310 Sl o) Kol Lins-R

Shlely el gilulir JIy5 (gleailunn 2062 M) oSt sLcis Voo DNA olil Slas .(0-) Kaly) BamHI ﬁ;j bog S5 sla 3L
(M) 15Y DNA o3l Sl (Y 5 Y Sal) Hindlll ; BamHI 2, 6La(.4u~j L. 5 pBI121 5L 5 pObLins

Bl o


https://mg.genetics.ir/article-1-1695-fa.html

[ Downloaded from mg.genetics.ir on 2026-02-22 ]

O, 5 OIS aabls

e 3if0ly b daseio § Ol « Jeho (& jludiluon

15 pasens sla, 56 Jlasl Jos 5 CBFHV 5 DRE2 Box
syms 2l oS 5L axlse 3 OBLINS (6l s 55 i3
e $ SLuSE S Ol (S S s (Y o) sl
Skibbe et al. ) AL s il MYCs MYB ahor 5l L s
ol 3L e 5 (2008; Wu et al. 2009; Wang et al. 2019
SR 05 S g 0 e WKl w0 Jlal 5 Lol Ol
OWLS 3 2,8 e 13 8t s JJW ole 025508 Ol
R2R3-MYB esl 5l i3 & Glae MYB (slarfis o o i
Jols ol olatl gladnlp J a8 53 ege 55 5 Sl
S LS @ el 5 Jshe ane g S0 5 Al eed e

"’)\" L;”“"“'i)J:'o J

T S Obuy oS s a S e iy Sl
D s s 5 Ol oS Col oals Oz Sas 2 osline
Simon 1992; ) .l o Gl S gl i ces
Omidbaigi et al. 2003; Khalid 2006; Radcési et al. 2010;

Ekren et al. 2012;Abdollahi mandoulakani et al. 2017;
Rezayee et al. 2020; Palesh and Abdollahi mandoulakani;

JLisa .(Karimi and Abdollahi Mandoulakani, 2021 2021
SIS 05 0le G155 ol aalllas i S 0 Dlllas
S o5 Lyl pd 5 MRNA sl 5o JJUT 5o s s
b ole 5 05 Ol addllas ( DL (s sl 31 0L
534S sls 0las 05 cpl SIlely BT SKas (2 bl s 5s S
i Sl i 4y ediasialy edaS ole 05 cnl Ikl
CCAAT-W-Box WRKY710S MYB-site (MBS Jels

Ol s Vs o35 53 PODLINS 31kl 53 ol s iy oaiS olie 28 5 slies €5 Y s

;JSLA:« 3 QJ\)S sldas Sole rU
ACGTG ° ABRE
dooed Kl @ = s Cis-acting ks ote
CCAATT Y CCAAT-Box
MYBHVL ()l pasens 5556 Jlasl fome
CGTCA A CGTCA-motif
SUgaslr e s el o Cis-acting ks ,ols
CACGTT Y G-Box
3 5 gy 3 Cls-acting aes obe
AACGAC Y TCA-element
oS! ey cis-acting ks ,obe
TGACG Y TGACG-motif
Slgaslr fmo 4l 53 cis-acting o ,obls
(TIC)C(TIC)AACGG(T/C)(TIC)A A MSA-like
Sk a5 e s Cis-Acting o les ole
GTCAAC Y MBS
A S s g 5 (S S el 2 MYB (g5 paseni 556 Jlasl 0K
CCGTTG \ MYB-site
MYB (g5 paseni 386 Jlssl 0o
TGAC A WRKY710S
MYB-WRKY (s ls pases | 556 Jlssl oK -
TGACT ¢ W-box
Jg))_’j})}‘, Gl Sl (ol 03 ;:gﬁWRKY Jlas! °L§1l?
CANNTG Y E-box
55 4 b 53 BHLH 456 Uil e Cis-acting odes obe
ACCGAC | DRE2COREZMRAB12
ABA U5 s 3 Six okasialy pole
CANNTG Y MYCCONSENSUSAT
b 5 ol oS 25 4 ol 53 S5s MYC ik 086
GTCGAC Y CBFHV
S 5 ey 3 i ol

e R



http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27TGACG%27&StartAt=0&NbRecs=10
https://mg.genetics.ir/article-1-1695-fa.html

[ Downloaded from mg.genetics.ir on 2026-02-22 ]

< lilely gbaasuin 9 O Joese (SHlwdiluon

AL en 5 OISl 4l

055 53 BUS) 5luis; S 5I5 —B Sal58 05 pleosdi st Ol -1 IS
S (2 S S oSl Dot 525 STt e IS (L) S50
(CaMV 35S-) Y0S ;llel; cults o GUS K158 05 Cdpe (el

Sl colis o GUS K18 0F S g5l K, (z GUS
(pObLins-GUS) pObL.ins

A3 s s s JEK Jsl Jled gls s g1l 30 )
y ol oo LOT Lol ol SasS 3l 5o SIS alS &S
O cpdiay sl el ple LIS e STl a4 e s ol 3
ST 5 5 5 50 g e 53 SIS LoD 181 5 Shas
(b alaly e 5 S 0 Ll s o Lins ales
Sheslinal Loz oS (pl b5 Gl St Dl
oz boodlew il o 5L 30 SIS el gla s
Slciise 5 pole jpa= 5 05 opl Sl s o)
5 Ol 8 cotld 5 Anl gl o (St 25 bl e el
53 e il Lyl 4 a0 edad glacis e nle
sl 05 calta s ol adlas ps3 ObLins 03 <l

&bw

Abdollahi Mandoulakani B , Eyvazpour E, Ghadimzadeh
M (2017) The effect of drought stress on the expression of
key genes involved in the biosynthesis of

- VP Hlwoli [V o losds [ adsd 0590 /(999 S5

055 oS 3 GUS 3 5,158 05 ol

el sSdke JIgedd gl s g
aslis (5l .3 PBIL2L by 3L s CaMV 35S il
pBI121 5k > CaMV 35S lulsl, 51 GUS 03 ol e
CaMV 35S::GUS 5 pObLins:GUS L, e3le 53 . eslanal
Ol Al 51 s Gk Ol 055 Oselessindl ol
S e calg s (Wang et al. 2006) A eslaal S o
A S5 3 GUS slard siad i 550 badl sad sl VY
osSde Sl esle 93 L GUS o3 ol .(Jeferson et al. 1987)
PObLINS 3llely 53 35 g0 ol SJIUT (8 K3) A2 sdalie
5 Calta 4 3B Ikl ol el ol s LooS sl oli
CIled GUS 03 plard st Ol sl AL 0 GUS 05 0Ly
S del gl Ll e Al |, pObLInS llel, s Shes
Lol (58 ol 5 (St (25 L e ek slacis e
Colda s ekl obe b sl o) ObLIns Cles s
A S spse (S 55 Ll b o GUS S55158 03
05 Oy S Sl sdel Gz ml 4 am g LIS b w
pObLins 3lulely ;3 edes ole slaas sdalis 5 ObLins
O & ekl alaS jole oS ) e pl 4 Ol s
Sl sMYC MYB o 55, sla, 8B ol (Ko i
S el s e s Se 0F oS s gla sl
bgn NlS o St 25 Ll 5 55 05 Gl Ol Rl Y
Olen Shal s Al (S 55 4 simsgenly oS ol
el Sl LB aallas 50 (god e 53 05 ol Ol
M 5 sy oslise Obuly, 5 MRNA g lul Ol
2 0l s edalis odleas Il S5 LIy e e sl
it SLusSU e s e 05058 a4 ol
sl 5 5 i oas (I L b cnl ey Sy
Al oo s sl andlas 3550 Oloj b olis sls JLE

phenylpropanoids and essential oil components in basil
(Ocimum basilicum L.). Phytochemistry 139:1-7.


https://pubmed.ncbi.nlm.nih.gov/?term=Abdollahi+Mandoulakani+B&cauthor_id=28366608
https://pubmed.ncbi.nlm.nih.gov/?term=Abdollahi+Mandoulakani+B&cauthor_id=28366608
https://pubmed.ncbi.nlm.nih.gov/?term=Eyvazpour+E&cauthor_id=28366608
https://pubmed.ncbi.nlm.nih.gov/?term=Ghadimzadeh+M&cauthor_id=28366608
https://mg.genetics.ir/article-1-1695-fa.html

[ Downloaded from mg.genetics.ir on 2026-02-22 ]

O, 5 OIS aabls

e 3if0ly b daseio § Ol « Jeho (& jludiluon

Aboul-Maaty NAF, Oraby HAS (2019) Extraction of high-
quality genomic DNA from different plant orders applying
a modified CTAB-based method. Bull Natl Res Cent
43:25.

Akula R, Gokare A (2011) Influence of abiotic stress
signals on secondary metabolites in plants. Plant Signaling
& Behavior 6:1720-1731.

Agarwal M, Hao Y, Kapoor A (2006) A R2R3 type MYB
transcription factor is involved in the cold regulation of
CBF genes and in acquired freezing tolerance. Journal of
Biological Chemistry 281:37636-37645.

Angelova Z, Georgiev S, Roos W (2006) Elicitation of
plants. Biotechnology Equipment 20:72-83.

Butelli E, Titta L, Giorgio M, Mock HP, Matros A,
Peterek S (2008) Enrichment of tomato fruit with health-
promoting anthocyanins by expression of select
transcription factors. Nature Biotechnology 26:1301-1308.
Dey N, Sarkar S, Acharya S, Maiti IB (2015) Synthetic
promoters in planta. Planta 242:1077-1094.

Dudareva N, Andersson S, Orlova I, Gatto N, Reichelt M,
Rhodes D (2005) The nonmevalonate pathway supports
both monoterpene and sesquiterpene formation in
snapdragon flowers. Proceedings of the National Academy
of Sciences 102:933-938

Ekren S, Sénmez C, Ozc¢akal E, Kurttas YSK, Bayram E,
Gurglli H (2012) The effect of different irrigation water
levels on yield and quality characteristics of purple basil
(Ocimum basilicum L.). Agricultural Water Management
109:155-161.

Eisenreich W, Rohdich F. Bacher A (2001) Deoxyxylulose
phosphate pathway to terpenoids. Trends in Plant Science
6:78-84.

Gang DR (2005) Evolution of flavors and scents. Annual
Review of Plant Biology 56:301-325.

Gosztola B, Sarosi SZ, Nemeth E (2010) Variability of the
essential oil content and composition of chamomile
(Matricaria rectita L.) affected by weather conditions.
Natural Product Communication 5:465-470.

Grausgruber- Groger S, Schmiderer C, Steinborn R,
Novak J (2012) Seasonal influence on gene expression of
monoterpene synthase in Saliva officinalis (Lamiaceae).
Journal of Plant Physiology 169:353-359.

Hartmann U, Sagasser M, Mehrtens F, Stracke R,
Weisshaar B (2005) Differential combinatorial interactions
of cis-acting elements recognized by R2R3-MYB, BZIP,
and BHLH factors control light-responsive and tissue-
specific activation of phenylpropanoid biosynthesis genes.
Plant Molecular Biology 57:155-171.

Jefferson RA, Kavanagh TA, Bevan MW (1987) GUS
fusions: b-glucuronidase as a sensitive and versatile gene
fusion marker in higher plants. EMBO Journal 6:3901-
3907.

Karimi Goyjelo, Abdollahi Mandoulakani (2021) Isolation
and characterization of cinnamate- 4-hydroxylase gene
promoter in Ocimum basilicum L. Modern Genetics
Journal 16:212-218 (In Farsi).

Kicel A, Kurowska A, Kalemba D (2005) Composition of
the essential oil of Ocimum sanctum L. grown in Poland
during vegetation. Journal of Essential Oil Research
17:217-219.

Kim Y, Morrison SL (2009) A Rapid and Economic In-
House DNA Purification Method Using Glass Syringe
Filters. PloS one 4:e7750.

Kim KY, Lee HS, Min SS, Seol GH (2015)
Neuroprotective Effect of (-)-Linalool against Sodium
Nitroprusside-Induced Cytotoxicity. Medicinal Chemistry
5:178-182.

Khakdan F, Ranjbar M, Nasiri J, Shahriari Ahmadi F,
Bagheri A, Alizadeh H (2016) The relationship between
antioxidant compounds contents and antioxidant enzymes
under water stress in the cultivars of basil (Ocimum
basilicum L.) from Iran. Acta Physiologia Plantarum 38:1-
15.

Kampranis SC, loannidis D, Purvis A, Mahrez W, Ninga
E, Katerelos NA (2007) Rational conversion of substrate
and product specificity in a Salvia monoterpene synthase:
structural insights into the evolution of terpene synthase
function. Plant Cell 19:1994-2005.

Khalid Kh (2006) Influence of water stress on growth,
essential oil, and chemical composition of herbs Ocimum
sp.). International Agrophysics 20:289-296.

Lane A, Boecklemann A, Woronuk GN, Sarker L,
Mahmoud SS (2010) A genomics resource for
investigating regulation of essential oil production in
Lavandula angustifolia. Planta 231:835-45.

Liao Y, Shen Y, Chang J, Zhang W, Cheng S, Xu F (2015)
Isolation, Expression, and Promoter Analysis of
GbWRKY2: A Novel Transcription Factor Gene from
Ginkgo biloba. International Journal of Genomics
https://doi.org/10.1155/2015/607185

Loreto F, Pollastri S, Fineschi S, Velikova V (2014)
Volatile isoprenoids and their importance for protection
against environmental constraints in the Mediterranean
area. Environmental and Experimental Botany 103:99-106.
Nakashima K, Yamaguchi-Shinozaki K, Shinozaki K
(2014) The transcriptional regulatory network in the
drought response and its cross talk in abiotic stress
responses including drought, cold, and heat. Frontiers in
Plant Science10.3389/fpls.2014.00170.

Omidbaigi R, Hassani A, Sefidkon F (2003) Essential oil
content and composition of sweet basil (Ocimum basilicum
L.) at different irrigation regimes. Journal of Essential Oil-
Bearing Plants 6:104-108.

Palesh H, Abdollahi Mandoulakani B (2020) The effect of
drought stress on the expression of some genes involved in
monoterpene and sesquiterpanes biosynthesis and essential
oil compounds in basil. Journal of Medicinal Plants
19:204-212.

Proshkina E, Plyusnin S, Babak T, Lashmanova E,
Maganova F, Koval L, Platonova L, Shaposhnikov M,
Moskalev A (2020) Terpenoids as  Potential
Geroprotectors. Antioxidants 9:529.

Radacsi P, Inotai K, Sarosi Sz, CzOvek P, Bernath J,
Németh E (2010) Effect of water supply on the
physiological characteristic and production of Basil
(Ocimum basilicum L.). European Journal of Horticultural
Science 75:193-197.

Rezaie R, Abdollahi Mandoulakani B, Fattahi M (2020)
Cold stress changes antioxidant defense system,



https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi-_b3q68fJAhXBYA4KHY9bAqYQFggdMAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fnlmcatalog%2F7505876&usg=AFQjCNEZUgu03QKukWophNL6ppjyMkErSA&sig2=utNSpOAvalbG6EFTCctAnw
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi-_b3q68fJAhXBYA4KHY9bAqYQFggdMAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fnlmcatalog%2F7505876&usg=AFQjCNEZUgu03QKukWophNL6ppjyMkErSA&sig2=utNSpOAvalbG6EFTCctAnw
../../../../../panahi/AppData/Local/Temp/Int%20J%20Genomics
https://doi.org/10.1155/2015/607185
https://mg.genetics.ir/article-1-1695-fa.html

[ Downloaded from mg.genetics.ir on 2026-02-22 ]

< lilely gbaasuin 9 O Joese (SHlwdiluon

I 5 Ol abls

phenylpropanoid contents and expression of genes
involved in their biosynthesis in Ocimum basilicum L. Sci
Rep 10:5290.

Sambrook JF, Russell DW (2001) Molecular Cloning: A
Laboratory Manual, 3rd ed Cold Spring Harbor Laboratory
Press.

Schmiderer C, Grausgruber-Groger S, Grassi P, Steinborn
R, Novak J (2010) Influence of gibberellin and daminozide
on the expression of terpene synthases in common sage
(Salvia officinalis L.). Journal of Plant Physiology
167:779-86.

Simon JE, Reiss-bubenheim D, Joly RJ, Charles DJ (1992)
Water stress-induced alterations in essential oil content
and composition of sweet basil. Journal of Essential Qil
Research 4:71-75.

Skibbe M, Qu N, Galis I, Baldwin IT (2008) Induced plant
defenses in the natural environment: Nicotiana attenuate
WRKY3 and WRKY®6 coordinate responses to herbivory.
Plant Cell 20:1984-2000.

Vickers C, Gershenzon J, Lerdau M, Loreto F (2009) A
unified mechanism of action for volatile isoprenoids in
plant abiotic stress. Nature chemical biology doi:
10.1038/nchembio.

Vranova E, Coman D, Gruissem W (2012) Structure and
dynamics of the isoprenoid pathway network. Molecular
plant 5:1-9.

Wang R, Yan Y, Zhu M, Yang M, Zhou F, Chen H, Lin Y
(2016) Isolation and Functional Characterization of
Bidirectional Promoters in Rice. Frontiers in Plant
Science7:766.

Wang J, Wang J, Yang H (2016) Identification and
functional characterization of the NAC gene promoter
from Populus euphratica. Planta 244:417-427.

Wang J, Song L, Gong X, Xu J, Minhui L (2020)
Functions of Jasmonic Acid in Plant Regulation and
Response to Abiotic Stress. International Journal of
Molecular Science 21:1446.

Wang K (2006) Agrobacterium protocols. Humana press,
New York, USA.

Wu XL, Shiroto Y, Kishitani S, Ito Y, Toriyama K (2009)
Enhanced heat and drought tolerance in transgenic rice
seedlings overexpressing OsSWRKY11 under the control of
HSP101 promoter. Plant Cell Reports 28:21-30.

Yadav R, Sangwan R, Sabir F, Srivastava A (2013) Effect
of prolonged water stress on specialized secondary
metabolites, peltate glandular trichomes, and pathway
gene expression in Artemisia annua L. Plant Physiology
and Biochemistry 74:70-83.

Zhou H, Shamala F, Yi X, Yan Z, Wei S (2020) Analysis
of terpene Synthase family Genes in Camellia sinensis
with an emphasis on Abiotic Stress conditions. Scientific
reports 10:933.

Zhang X, Niu M, Silva J, Zhang Y, Yuan Y, Jia Y, Xiao
Y, Li Y, Fang L, Zeng S, Ma G (2019) Identification and
functional characterization of three new terpene synthase
genes involved in chemical defense and abiotic stresses in
Santalum album. Plant Biology 19:115.


https://mg.genetics.ir/article-1-1695-fa.html
http://www.tcpdf.org

