[ Downloaded from mg.genetics.ir on 2026-02-11 ]

[ DOR: 20.1001.1.20084439.1397.13.3.8.9 ]

w9l oLF 38 Jo 519,15 g Joowd ywgw swo S S sl oy 3

(S99 Wi & (Thymus vulgaris) (&b

Gene Expression Analysis of Thymol and Carvacrol Biosynthesis
Pathway in Thymus vulgaris under Salinity Stress

P36 pia )l T g B3lo T a3 e a
Ol Ol I ol Bils (g5, 5LaS 0aSLiils ( SLeL poke 05 S il wlid IS (g mitils -
Olpl OLgs g ply olKiils (g355LaS 05,8 lslewl =¥
Ol ) Ol J o315 (3,558 0aSLiils « SLeb pgle 05 8 lslewl -

U\J-’\ ‘C’S nJAmb >L€>. &_3)15 QLﬁLf eJ&..i.hj}é L&j).: JU:Lf uu.i;d )S}‘ L)Li)t;ﬂ'_i

Hosseini H', Fatehi F™2, Mousavi Fard S°, Qaderi A*

1- MSc Student, Department of Horticultural Sciences, Faculty of Agriculture,
Lorestan University, Iran
2- Assistant Professor, Department of Agriculture, Payame Noor University (PNU),

Tehran, Iran
3- Assistant Professor, Department of Horticultural Sciences, Faculty of Agriculture
Lorestan University, Iran
4- Assistant Professor, Medicinal Plants Research Center, Institute of Medicinal
Plants, ACECR, Karaj, Iran

fatehi.foad@gmail.com : oy xS gy DL J stn o 56 3%

QYN0 5 eyl — A0/ § il 5 )
c G ouuS>

4l 38 & cul (Lamiaceae) Glelia o pi OLS 31 K (Thymus vulgaris) &b cpis o7
Agi g Cls” Ol pl 58 Ao 51 9 Olgr Cilike bl 33 039 0l 9 W9y o0 bl (B1g8 (5 9
3 Jgos Aoz Cilisue Jgd Sl cn Fgige S5 4 by ol ol (29310 DI ST .09d
Tob B e AIKGL Slgz 29510 OLLE ouingh 18 i cpl .owl J9 519,50

100 9 1er 00 wald) Srgd v slez 30 bl ab plml Sl ol slaes sl Soals slaojlg

SB35 3390 (2besbigid O Khos § (O 5elgs 8 Dlao g ATy 1 4 51T 4w b (HWge e
HPLC olKiwd tawgi (& w8 pilwl g o w9 QRTPCR 095 b O3 Ol (w08 5 18
Cadld adfllae S0 SO Ol (P <+/+0) S0 e ST (Srgm 810 Ul zuld .ub ploxil
Olimo ot 5 o 9 Vg0 o Voo Hlowd Hd (TVTPSS) g (TVTPS1) svyss Ol Ofsme o3 5 i
Ol o9 F et com ol b oudlin W 5 wow Yeo Juo 0+ Hled 0 (TVDXR) OF Ol
b b 57 Y0 hao Voo (Sogd .l oulie sYgn e Ve Hlowi 53 J9 5195 9 Joowd
M Jgos gy e 2@ O3 Oly a1 § MEP (5 5t o STl GO » b

SIS A1) J3 519567 9 Jood S 5 gige Mg (JUSw ST $ & b

B
1FAY 300 o o lod (@B juw 0393
£e8- 1A axio

O3 ol
SIgw
Loy ygigo
S b (Lo 555


https://dor.isc.ac/dor/20.1001.1.20084439.1397.13.3.8.9
https://mg.genetics.ir/article-1-76-en.html

[ Downloaded from mg.genetics.ir on 2026-02-11 ]

[ DOR: 20.1001.1.20084439.1397.13.3.8.9 ]

Q‘)&A)‘S’J\sbbﬁ

w38 J91956 9 Jgon wgw o SO Ol (w5

&> —i= S s —(E)-Y= J —Y= Ss,da-) 5 “(MDS)
EXT- oo —T- Spdam) 4 (HDS) sl Slis
A ssb e bds U (HMBPP) clivs g3 —f- ks
SV el T K LS Olisas el Sl b 5
SES s, land oo —i- S —(BE)-Y- Jme —Y— S5 s
IPP s Wy 5 5L 3550 slaesle iy « HMBPP ('(HDR)
s IPP .(Rohdich et al. 2005) s,% ~ ;.5 DMAPP
Spesnl Sliwd g3 iwusnl e sl clé L s DMAPP
L aolsl 53 () JS) dipd s Seas & g e (IDD)
Slics 3 Ll b o 5 esle 3 ol OAE S5
ol i & (GPPS) olins g3 Jil5 (GPPs) 'l
Cos 3 Slied o3 LS e semaa (a5 e
Davis ) 35350 Jooks oy 55 m 40 Sk 05 550 531 30

(Y JX3) (and Croteau 2000
Wil S e 0n S A Ll S ol s S Jped
ol CooH1O ploacd U305 b JeSasied 05,5 SO 5 O34
sl S A jasiie ol oass s MEP e CiiS L
Slain s s s 03 5 Sl MVA (g5 g s b a5 s
b y2e 4 x5 L (Rohmer 1999) .l & lyls Jgb
ol S a2l mleo s ses YL
Sl a3ls Olis Olagss .ol sy 5 YL el 5l sl
oIB L5 s MEP i g e 53 pege 28 DXR 05 oS
Estevez et ) b o o158l Ly 5500 A 55 Olse O ol Ol
ols oS 55 .(al. 2000; Carretero-Paulet et al. 2002
oy ﬁfl: L oblsemlr Je sl (Catharanthus roseus)
A Gl Lol MEP (gimsn s i) 03
L .(Ruiz-May et al. 2009) A& e ol 46U slacd ple
Sopd 5 G e 3 edd el ssdeee Slalllas 4 x

3 dses gl gl mase s s GOS Sl s Ol 2

% 2-C-methyl-D-erythritol 2,4-cyclodiphosphate synthase
10 4-hydroxy-3-methylbut-2-enyl diphosphate synthase
11 _hydroxy-2-methylbut-2-(E)butenyl-4-diphosphate

12 4-hydroxy-3-methylbut-2-enyldiphosphatereductase

13 |sopentenyl-diphosphate Disomerase

4 Geranyl diphosphate synthesis

1> Geranyl diphosphate

doddo
oS s doms 5 ;SIS aoes Jule gy SES Sl da (5554
Sloes 3l e FB e &S on slis ol
CMLLe sl 03ls 13 s 36 ) Ol 5ssleS
Coage h e LIS SLasl G s Jle QLS s g5
(Parida et al. 2004) 352 o sl (Greml 25 5 Coos
U gleed S5 ST Sl e 025 s b 2L
3o St w palls DS p e I S5 5 el
S Iesbe piasl SLS 5 0 5ege (Horwath et al. 2008)
Yadegari and ) ls 5 S 5 5 el (Js ST, (J g
Liea gla g0 glacd b Langs g 5 (Mosadeghzad 2012
el el SUT Ll s ollS cbli> > o
Ferreira ) . ls i 50 oS S|, Ol i 5 Waplidles S
Sy gy 5 LSS G S Rmse e 95 (Bt AL 2010
Gomez-Gale et al. 2007: Munoz-Bertomeu et al. ) s,ls
“C =Y s 5 (MVA) dosl 5l 50 KeadS e (2008
{Lichtenthaler 1999) (MEP) —liws —$J sz )l -D- fxe
24 e opl Aipde R MEP s 5l lagy g0 e
B s R N SR
" Slivs - Al IS 5 Sl 5 'DMAPP 5 IPP 1Sis
5 Sl 0AE (S sl s e sl o
4 {(DXS) i DXP 051 lau s Slis =Y dadll oIS
el “(DXP) olind =03 515 ~D— oS 55 =\ bl sl
MEP & '(DXR) jl,es5l 3tSss, DXP Ly DXP s
w5 s Cdled L g MEP T 5l o 58 e i
JMCT) 5as 5 ki Sl 6 g ) D= o =Y
=Y JCMK) LS Il =D e Y= i s (53 =8

S Sl 3 IS £ 5 Y smnl D - e

! Isopentenyl diphosphate

2 Dimethylallyl diphosphate

® D-glyceraldehyde-3-phosphate

* 1-deoxy-D-xylulose5-phosphatesynthase

> Deoxyxylose-5-phosphate

® 1-deoxy-D-xylulose 5-phosphate reductoisomerase

7 2-C-methyl-D-erythritol4-phosphatecytidylyltransferase
8 4-(cytidine5'-diphospho)-2-C-methyl-D-erythritolkinase



https://dor.isc.ac/dor/20.1001.1.20084439.1397.13.3.8.9
https://mg.genetics.ir/article-1-76-en.html

[ Downloaded from mg.genetics.ir on 2026-02-11 ]

[ DOR: 20.1001.1.20084439.1397.13.3.8.9 ]

w38 J9F19U 9 Jgon wgw o SO Ol (v y

OLSan 5 el sl

osbea Loy cub,y s Sl sy Slis
J3 Al e 03 Js S1o 5 dgesd doys (S eslil 5 2l Sl
A by e Gk ped (25 OLL 5l ey S planil 8IS )
U cad mb 23l 5o RNA sl G (6558 mhaw
3,8 Sl ey Ar e sles 53 05 Ol sz SRalesl 0L
Ll S
5 (1949) Arnon Sy, 51 S s b s a Jds IS g
Lyl gy sl eslanal U 5 (1987) Lichtenthaler =, 51 g 55,8
A a5
a L3S = [12.7 (A663.2) - 2.69 (AB45.8)]xV/1000 xW
b ss,1s =1[22.9 (A645.8) -2.69(A663 2)] xV/1000 xW
JS ks S = [20.2( ABA5 8) + 8.02(A663)] xV/1000 xW

A 55,18 = [1000(A470) —3.27(a b5 1) — 104(b L5 19)]
1227
e Vg Sl Sl mae Jsb A S8 il s
O3 W e gb s oSl b g5 s (6l oaliial 5 50 6 5las
5 s S Ol 6, Seilll gl eslinal 355 LS esle
olas mdde 5 p S e e bl cll wss)s
e ALS
25 3 o Sp Sl e Sl Sl sk
e Yo sl Lol s el Y8 Sl 4 w03l S
SRV oY YO L O [P T WA P e S g W
bl S 5 05y 5 Kix oo el Ladd bl S 5
Ve Gles 3 05l 53 S 5 ss 3l e A (S el anl
RSTI5 BORIR tN R W ENCI Wi § SNCIN PIPTRN I S WAPE SN
Qasim ) i awlows 5 dsles 51 Ol s (gl gl sz
.(etal. 2003
(We-Wp/W-Wp) x 100= (/.) RWC
We = oS a3l 035
Wr= bl e 5 055
Wp = S, S 055
oz Sl osliad by il St Aoy i gliten
Slks s g S8 hal sy Spoa S &L
Yo sles o cele 55 Sde el 1 e Ve s Lol

- WWAY 500 1Y 0 5losds [ 020 juwr 090 [y 98 S5

A6 o Sda b G opl (Bl sl ss s SIl
ol glcdple W5 5 Shas  gopd e sl
Ol Dlpeis Ul 5 S5 Slio (J5 SIS 5 Jsa)
TVDXR,TVTPSL) Jols Jyasi sz s 53 1S53 S35
505 ) b, Ol e Bl 03 e s (TVTPSS,

A plal oS 3 el A 5 slac ol

/=N -,
Acetoacstyl-CoA \\
' e 772 )

\
| IPP——s-DMAPP —»-Isoprene (C,)
| [+1pP

‘GPP —=Monoterpenss (C,;)
| s 2xIPP
+FPP |/

l / GGPP — - Diterpenes (C;)
Trtsrpenes (C,)

\ €

Y
(Sterole) \'«
Ublquinona atraterpanes (C,_)
- (Carotencids)

(Mir et al. 2008
T~ 9 F9
l - Sabine

Geranyl diphosphate (GPP) o Terpinyl cation Terpinen-4-yl cation

JL,S\})\S 9 d)».:.' J:g.ﬁ;ﬁ B J:?‘-} Cowd u’::'l" 6Lﬁdj =Y J,{..:
.(Degenhardt et al. 2009)

1) g olge
53 AR sler oy QLS ealiagy 5 task ol
23 LS Djpeon SIS an b ol LS Sl - b B
ol Sl ol 5y CES iy A ol OIS
sl pend S 0 p Y ) S Y 5 S S S
G e 35 YA Sode w OIS L5 s Sl e 2L
5 ebedsd Sliv Glsyl s S I3 (g
3V 00 o s jler Beld 650 Dl (SOSN8

6)).&0:...3 aJJJJw‘)\wJ)J J%J.lsv_l.kw)yjﬁg.f\O'


https://dor.isc.ac/dor/20.1001.1.20084439.1397.13.3.8.9
https://mg.genetics.ir/article-1-76-en.html

[ Downloaded from mg.genetics.ir on 2026-02-11 ]

[ DOR: 20.1001.1.20084439.1397.13.3.8.9 ]

Q‘)&A)‘S’J\sbbﬁ

w38 J91956 9 Jgon wgw o SO Ol (w5

Reverse transcriptase ;1 Law \u.é.ﬂ..,aj a5 T
ol s RNA s S5LT lanl 281y ol plosil shren s ol
3,8 il amys Ve gles 53 4dds Vo s 4 5 byl DEPC
Ladi god a4y L it foy oo 4 aloldl 5 oks o0l i3
£Y bz 3 el S Sde w5 BBl 3L 5 BT bl
4i3s 0 e 4y o gl peew LA 31y 3 51 S Sl a s
38 sl a3 0 los 53 RT 5l 03,8 Jled b oty
a}fﬂujfw%&m}ﬁju W ldis dizs S 5l 3
PCR xSy bl sl o3V ok o ol s eslinal ey
s e s B b e b (Vdoa) il sl
Jlail sles 035w sl A3 4 S k3 pa V0 pl sl
5 Como eomen S oslail Gradient PCR 2, 51 s sl
JzS 05 PCR I eslazal L oeds e CDNA a3
Slp a8 plml aallls 550 (sladi s 4en 55 (18STRNA)
MQ <l €DNA (sl (NTC) Sl s 5l x5 STy
Vo ul il @ a5 L Sals A oy 4 culg s s Ll
o L) pl ol oSO sty as wlsl sty bl
Sls L) ax o b 5 sl oleand puly adds Ve e
Jlasl il Yo e a5 8 sle a5 A8 ) (g3loans sl
o3 VY by s eyl b 5 4l Y S W 5L
Slp eamen (L3S Do (U Y Sl w4 ol S sl
03 RSS  ceslinal 5550 sla ST Ly ool 1 Olabl
G LS eslinal (Melting curve) g sowe 31 L 5540
Sp b0l Jp 4 plies glpedd S sl Sl

Cwlod c)))T (\‘ J)J}-) BE) axdlzo

Real Time PCR uiuSl, BEl oalail S48 J‘.’.JL&A‘)&;W J‘}A—\ J)J&-

ELSEPS ()P
cDNA (1 pg/ul) Y
SYBR premix 5X v
Primer F (10 pmol/ul) VA
Primer R (10 pmol/ul) VA
ddH20 Vo

! Random hexamer primer

PP IR SN BRG] K VRPN i W R N S S| WP E SN
Ao e 53 s 6, Seilul e EC olKaws Sl eslinal L (ECy)
Sde a3l S Sl am i VY gles s SIS ST s lad e A
Colda (SUI los 53 OAs 5w 3 o 5 4B S 15 aids Yo
Sl Ao Solg e S (g Sesll (BCy) w5t (S S
25 Ay Gk 5l dess e BLP) S s Sl
.(Barrancoe et al. 2005) L& acul>es

ELP= (EC,/EC;) x 100
S 3 dsSIE s Jses LS5 g Seslul gl
Rl @l A eslinad (HPLO) YL T SIS L wle 315 55kes S
e HPLC olSis 4 ol ang oslae 51 ) 5 S 00l
DS w4 g oKus cpl s 52,5 (KNAUER-Germany)
0 hyd o3l slyls (Vertex)Cig O g 5 KYORY Jue UV
Sl g jahn £ a8 5 e s YOO J5b ey S
S A plml g0 YA 250 sk 5 Js SIS 5 Jses
G hle L s lubud sladslos G5 b lS 5 oS U
e plS o Sy s e Lasl Casa 5 me
dslae Slostinal by Ad oy S5 2 4 by e Ol S
A 350 3lge SIS oa S Olss D ganl S g o
(MiSanetal. 2011) . -pons bn jlas s
Loles 5 ald S 2ol 5l dsnls 55 L RNA £ sl
sskwa, (Chomezynski and Sacchi 1987) < S &0
3Tl 5 ek sad 3 52 50 DNA Jluzml (S5 01 G
@ ged O MO/ 1Y I lade ulid ol i eslec) DNase |
AU/ul) m;i V/o ul DNase | \+ X 3L 51 V/6 pl RNA
Sl a9 LAE b glses - L (Fermentase, USA) DNase |
Colgr 5 Ll 4SSl S Sl a5 YV gles s wids T
A5 Y Jlade DNase | o 31 058 b b 5 Sl )
Vo gles 53 423510 Sl 4 5 aslsl 00mM ke LEDTA
2l A RNA CdS 5 S osls 13 518 sl a5
Slaz e Jsb 5 (R 5 Ao ) 58T U5 5l esliad L eds
NanoDrop o&zws L zegl YA 5 Yoo (YYe
CDNA =l .23 8 plnsl (ThermoScientific 2000c USA)
sl S5l 5 et (g5l alls RNA 1Y pg 5l eslizal U



https://dor.isc.ac/dor/20.1001.1.20084439.1397.13.3.8.9
https://mg.genetics.ir/article-1-76-en.html

[ Downloaded from mg.genetics.ir on 2026-02-11 ]

[ DOR: 20.1001.1.20084439.1397.13.3.8.9 ]

w38 J9F19U 9 Jgon wgw o SO Ol (v y

OLSan 5 el sl

olS 5 sk 5l sslast i .(Dkhil and Denden 2012)
Sl Bl 5 etisn v G S ge Wb 03ST Sl
by .(Molassiotis 2006) .S . o 5 1, Jsho Lo
el 05T 35T SadIGsly (s3la i 3 ol 5t 4 a
Slee Mg Ul bai 5 odd Jobo slaclis ool Lais
(Caietal. 2008) >335 o g3ldnST 25 Sl (G R g0

Sl i Glgme p PN ol 5558 5
sdalin ( Sls aglie gl il 1 (7 Jodr) il S
DVse e YO0 5 Ver w00 3l ghsd rhe iRl L s s
Jsdor) 3L 2alS (6l gme sty S Ol oo (S5m0
oS oA sk gl o O 28 5 b 516550 (8
oS S AL St st ol x5 sl sz b
(Yildirim et al. 2009) s 5 sl 5 L I

sha Jos s e gosd pske 8 sl O Rl
Jsde) 3,03 P/ V) (s s i1 (gl Bl Sl ek 55,18
b Jds S jlaie o 5L sls 0L bajless Sl anmlio (¥
Slo jislis o S 5 (o5 pde) dald =hau 3 U3 55508 5
oeals (8 Jadr) dd edalie N ge e VO chaw 2 S
s il SV (g 6 o by IS sl
o s (Smirnoff 1996) ol sslisSt 15 ¢ 535
el s JBs S w5 e S IS e e
4 S LUS 50,8 (Santos 2004) das . Fo sl
aS odd 5,158 sl Wi sl 5s (6 S Canle L IS
e el anils A5 55,18 e gols e 3l 658 i
Ll ol aly Jals o8 5 00 Cod 5 s s
(Kiarostami et al. 2010) <l o35 |35 4 51 505 OF Ol e
O Slame p (P<2/00) (ools sms Sl (6550 0l OLLS S
Lol ol bl K0ke amlis (Fdsuz) 5ol S,
Lol e Gl LS s s Ol o5 e 2l
100 51 0w (W) i Sl 6pd gl
L3 WY 5 0/A WA Cb jas S 5 s ldie Y 50 s
O g b (8 Jad) sl Ol Rl dals & e
Gad e 5l il 5 3T SISl Gd= s s

ol 1k gle ST e =Y s

Primer name Sequence
DXR-F TATGACTTCGAGGCCCTTGTTAAAGAG
DXR-R TGTATCCAAGGCTTGCCAGAAGG
TPS1-F GAGGGAAGGCGAAAACACAC
TPS1-R TCCAGTGAAGAGGGAGATCC
TPS5-F GATACAAATGCGTCGGAGGAGG
TPS5-R CTGTAGCCTCCACCACTTGTTC

18srRNA-F ATGTTTAGAAGGGTGAGTGAGCAGTTTAC

18srRNA-R GCCTCATCATCATACTCTTCCTCATCATC

- WWAY 500 1Y 0 5losds [ 020 juwr 090 [y 98 S5

S dgs o5 o 05 ol el giledley cg
S5 55 Sl eslizad U035 Oly s Oljae A3 o3lizesl 18STRNA
sl (51 ariloes RNA) S5 1S5 55 5 S50 s
ol aS s eslanal AACE 5y, 51 05 Ol o Ol
.(Schmittgen and Livak 2008) ..l 5 J 50,
AACt= (L 5,40 03) ACt— (=15 J =5 03) ACt
A= 9
Slio ¢Sl 5 (s paisad 51 e Lesls o 5 4 523
ke alis 5 plnsl SAS (ver. 9.2) ,lsble 5 Jaw 5 03 S5
Aoy gy Jlasl mlan 53 PLSD 05031 oy 4 5 basles

A plsi

Coils e s S sy (PSe/0)) (sl s il (555
LS s Ol bjlas oS0ke amlie cpmes (Fd5as)
Lhe SRl L ol Sl el (ot s Al
PSS S S S s eSS sosbe
Cui (8 Jad) dd edalie N ge Lo V00 lad 5 dals jls
Sl S35 Slow st o 5l Jsho clis 25 S
S @l e i s e slais b cos oS
0355 Dl sme G S Ol st Al sl Ol
St Bl 8l Gl 0T e (5 el L Ll
S ik blis ol (el 5 el Gl sl 2 Sl

Gl ool 3550 (osd 3l 20 sSlS) S s


https://dor.isc.ac/dor/20.1001.1.20084439.1397.13.3.8.9
https://mg.genetics.ir/article-1-76-en.html

[ Downloaded from mg.genetics.ir on 2026-02-11 ]

[ DOR: 20.1001.1.20084439.1397.13.3.8.9 ]

OLSas 5 el sl

w38 J91956 9 Jgon wgw o SO Ol (w5

Wil dsn e sl Oisa S eslanad (s ISl

.(Rahdari et al. 2012)
(Pt /01) ol gme S 65 215 OLES Waosls bl a3
oSl anslie (0 Jsdr) 5,05 I SIS 5 Jsed doys
Vv a i Sl osd e SRl L sl 0L (6558 - sk
100 mhar 5 Ll Il Uy STl 5 Jyes i Y e o
o5 dlesl G cpl s (W sdr) b e fals Y e e

A5 ds S, 5 g LS 5 Nl B e 655

bl « Ll 5 (Rahdari et al. 2012) WL o i3l
Dde 5 0ley s s e bS5 s e Sl
sladsle &S Cul g 5550l 51 S Al SR s
TS S SRS s g i ) s e LS

Al alS S5 S i s ey 5 dins e
3 SLESES 5T 5 e o Sl 558 55 i
SR Y S s (S esie o 4 SLES Jas

oz 5 o ¥ Sl o35 U sl o3 (S5 sd Slis @ bse lsls 4 Y s

Slayye (Sl _
REBIRT S [GRpwes) cL.a
S o 8y ) )
- o 58 & J2s s by, a s s Cip S.0.V)
[GAPEN]| ol
Jovo £8/0Y" a0 ™ VA IR T vy ™ ey Y LSS
./‘ Y’,,HS ’ \i/iatﬂ ./‘ .Y—:—EIE ./VAA—:—EIE ‘/_\v/\ili—::— ./._\oelz—::— ./ii\—:—e:z Y, )La.;
R AT ey e NRRA ey NZEEA 1 el elzal
YENVY Yo/ 04 Vo/on VW/EA MY AAY AV (1) S i s >

AR Jchhw): Qzﬁ)\awjoaﬁ)b&»ﬁ&%}:@%

# ok NS

¥ Sols o3, Bl sl 5 S Sleopast o pd S5 il Coe A Sle alie —8

AP RS Ol o lsme (MQIY) L5008 J5 s s b s, s a s s Sopd s
(mg/g DM) (1) s S ) (mg/g) (mg/g) (mg/g)
JAYC viva ouea V/AaY a VA JAY @ VY a o
+/\Ab VLK oV a Yal¥:! e a ‘A D V/+0 ab 0
+/\Ab /oY a Yeih +/Av b W1b Ve Awve Voo
WALF:! AT a \Wiee b «a0h NVE0C vead oevd Voo
Led Lo y3 0 éij C]d“ BY 6):&:.4 S| asls Sf.:..a e shls 6L“Qﬁ§;’l‘:‘
Soxd 5 S Y Suls o) sl 03 JsSTals 5 dsed molols 42 =0 i
Sl Sle
151 S i il
ISl e Sl S
A et V/eesq®® \ B
/008477 VAT v Coss S
Jeaevt frony 1 sl el

s 8NS

M):\jocb)é)léwg)bw}:&wpgﬁﬁjq



https://dor.isc.ac/dor/20.1001.1.20084439.1397.13.3.8.9
https://mg.genetics.ir/article-1-76-en.html

[ Downloaded from mg.genetics.ir on 2026-02-11 ]

[ DOR: 20.1001.1.20084439.1397.13.3.8.9 ]

w38 J9F19U 9 Jgon wgw o SO Ol (v y

OLSan 5 el sl

G sl VYA 5 EVEN XYYA e Y e Jus V00
MEP e 5l laop 5 gige (V Jods) sls Ol hals aals
Sl ey Il s oo ) Ladtadly 3 45 e () L5 e S
plonil 51 5 S5 KA b Slid Y ] S (o
(DXP) ol =0 5hl5 S| (65 p3¥ pladsm sla 2SI
Jte 0 DXR 51 26 o 55 asle ol S il o 3525
S Olyea DXR 05 55 0 bds (MEP) lind J o )
oS plete 5 (Jool oo ol 15 XS o Joe e (J 2505
Majdi et al. 2014; ) s, o 3BT 05 ! L MEP
$0s ol DXR 05 5l .« .(Degenhard et al. 2009
S s > CMK', MDS', HDS', MCT® o0
e Ol 50 0T Oly A5 o 45 Wl 5 bS5 sl
05 gleiS oxs 28 DXR o .(Pulido et al. 2012) 5,5
5,ls DMAPP 5 IPP (ola s Coaw 43 aaauly Ol ulia
5 DXR 05 Ol s, .(Carretero-Paulet L et al. 2002)
355 0350 0S8 53 Uy SIsHIS o i ge s b OF b5 |
Es3o MEP s 5l oas ot I ST5 S 55 oS 5l 0L
s SIS pfsse s (kS 53 DXR 3l 5 5,8 o
Sl st a3 5 S el s Olpe 5 axdls 1B
Ramak etal. ) 555 . J =8 03 (Transcriptional regulation)
(2014

=l s e J=le 53 DXROOS 0Ly s =B
oLz (Tanacetum parthenium) .S « 5l il glacs 55
5y A e 3 o Wi e 05 opl Ol Olpe S Sl
(Majdi etal. 2014) &S 55 5 55

Ol Ol 25 LRl L S sl 0L i 1y 5 05 Ol S
53 Sl w5 05 Ol Ol ool 4zl Sl Xy, O3
Sl Sl e YT Ve e 00 mla
i Sl Ve e V00 5V (658 e 5o ks 0L
05 Ol s (A ) sls 0L Ol SRIEVYY 5 VAT

! 4-(cytidine 5’-diphospho)-2-C-methyl-D-erythritol
kinase

2 2-C-methyl-D-erythritol 2,4-cyclodiphosphate synthase
* 1-hydroxy-2-methyl-2-butenyl 4-diphosphate synthase
* 2-C-methyl-D-erythritol 4-phosphate cytidyltransferase

Loosed s Sope b @ Ulie b OS5l R
aaiss, OAd @y b 51 S osd N S @ e
R I CINC S E P P JEPRS N
ap 5 Sl Aol pezd Ad, B Grags sl
10 oyl ol e 1y slest 25 5 5T GadiKsl, Lis
S S e SR e 55 Ll s s SLS pl S s
O Al e Sl e 45U el WS G b
RN (Sabraetal. 2012) wS o bl Lol 2
Sopd 55 ol 43S alnil 2T olS (555 p &S (5500
FE Gl b een &S A Jpes e Ll 2l

.(El-Din et al. 2009) ..l

5 dsed Ui opd il ik 1 GSke eglie SN Jss
¥ Sl o35 sl 53 s SIS

o3l S 3 e S he) oS8 05 208 ) dsed o A e
(e (e ol
vrb Vo b dals
Y/Y+C axrd 0
Y/A A yYvla Voo
YNAC VY C Vo

Lo iy e 53 (Sl e BVl BB S rie by (sl Sl

A gLl
20 1
DXR
%‘ 0 T T
o
o -20
C
2
O -40
=] k%
@ 60 *k
%k %
-80 Y50 Aea) s 5 sk
0 50 100 150

c,am“;wbrsjo:ﬁj,;mugqm.gDXR 05 0l Ol =T IS2
V0 cla...lja)b&:u ‘)b&mﬁbw‘g%;@“ﬁns o S

Ao s

05 orl Oly  olssme 1 so 58 a8 5l OLAS 05 Ol s
9 Voo O da.w BEl DXR Qj UL;; U\j:“ (T‘ }i&) Gl ails


https://dor.isc.ac/dor/20.1001.1.20084439.1397.13.3.8.9
https://mg.genetics.ir/article-1-76-en.html

[ Downloaded from mg.genetics.ir on 2026-02-11 ]

[ DOR: 20.1001.1.20084439.1397.13.3.8.9 ]

OLen 5 2ol sl g0

w38 J91956 9 Jgon wgw o SO Ol (w5

Gopd SRl LS s Ol Sl 5 WE O3 0L @
Ver 0 (Gopd sk 5 il SLSG Ly, 05 Ol Ol e
J... Lg)bd‘au J:.sl.? S (4 Jsa) sl OLES Ol ui.:\),é\ Jals
vk Uoosd GRIBL sSsba cils 0F opl O
o Ol DY e e VO Oy by Rl Sl Y 5e L
JobS s sigm e aalsl js (8 JKS) sl Ol S5
j.gLI Cow g Wi Sy e J.i.,\.s Jsw W o olivd oo
JUESEPITYY d,@wﬁwﬁ&;@\&uojwﬂjm
S U olS s Jsed A5 Slie s Ll e 05 cnl Ol 3
.(Crocoll et al. 2011) .l

250
S i W03
200 | 2
S
ks
150 m
oo
c
100 | @
O
ke
50 |5
T ns
0
0 (Y5000 6,55 C« 150

S (135 rhasl 5> Aald 4 e Sl i ST 05 0L Ol -8 IS

Cla.d BEIBIYPCV IS EY Y S PO PG 4 P ***ns Sogh S LS Y

‘M)b \) 0
30 o e * %
320
5
o
& 10
@©
S 1 ns
o
S 0 |—em— . . . —
g -
* %
-10 (Ve )52 ¢ slan
0 50 100 150

O e TSl o3y sl 5o ke w05 Ol Ol -0 IS

Aoy V0 C]‘”" 03l e Gl pae e 4 S S **rns (s

L}j k.)'i‘ OL.\.J B ‘5)‘563‘“ Q)}«é‘b (5‘)).‘:4 LY k;».w\ o.>|.> Quu
o = IcH O VPP e R I IR L
oAl Oy bl Wy R aalsl 5 Aul5hl Cel Y s o
(0 J&&) ol 0sls

0 ¢ J).a.:.s' JS.V.»:):; R D dk‘p\ L;Lagj 4.1.0- )‘ Uj LJ'*"
W5 laie » Wlg e of 0ly ,3 uxs 5 (Crocoll et al. 2011)
e 03 Jes 05 Ol X s A3l 1S 36 e
Sl dl 56 o o 555 5 i fsise (S 3m s
6> S5 Sliw o 5 gse slags s sls Ol ailselis olS s
53 oSl Sl 5 Sk powel Gl Slid
5 el g Saline Gladly lls Shadludl S 5

Sosd o5 S ¥ S5l 0, sl 53 DXR 03 0Ly -V s

p-value Fold ) els & s 0 05 les
(Change
Vet =YY/YA 0
VaaYY B AvA Yoo
vt —VTA Voo

5 oS Y Sl o8y sl 3 Sl o 5 05 Ol s A s

Sos
p-value Fold ) aals & o 0L Ol e s les
(Change
e —Y/Y o
evees % YA Yoo
AR \/YY Vo

e 6 o s plad oS s Sl ised 05 0L Ol
i 5ls 0L Ve e /0 5 o) i Shile s S el
Lol 5l e cela VY B8 Sl o3b 53 05 ol Ols Ol e
il gals Cele A B YE e 5 il Sl panls e

.(Afkar et al. 2013)



https://dor.isc.ac/dor/20.1001.1.20084439.1397.13.3.8.9
https://mg.genetics.ir/article-1-76-en.html

[ Downloaded from mg.genetics.ir on 2026-02-11 ]

[ DOR: 20.1001.1.20084439.1397.13.3.8.9 ]

w38 J9F19U 9 Jgon wgw o SO Ol (v y

Q‘)&A}‘S’Jbbbﬁ

o S b Ol Jol ml A Sl gy e
QA,"_LJ_LBLﬂtééjﬁbdhwjﬁfgﬁﬂrﬁ)b
Ol 1y Jsd B sle 5 golatl s Shae 5 atils ci8

.Mb&

ol Kl
OLlS (35S5m 058 welas 5 e 51 st
sl ool OIS eaiayy LAl S okl 5 sl
SLEL g8 wra b Obld Gl mas 5 2 S KD
Ll e st S5 5 am ol oS (g555LES sl

&lw

Afkar S, Karimzadeh G, Jalali-Javaran M, MozafarSharifi
M, Behmanesh M (2013) Influence of Methyl Jasmonate
on Menthol Production and Gene Expression in
Peppermint (Mentha piperita L.). Journal of Medicinal
Plants and By-products 1:75-82.

Arnon DI (1949) Copper enzymes in isolated chloroplasts.
Polyphenoloxidase in Beta vulgaris. Plant Physiology
24:1-16.

Barranco D, Ruiz N, Campo G (2005) Frost tolerance of
eight olive cultivars. Horticulture Science 40:558-60.

Cai K, Gao D, Luo S, Zeng R, Yang J, Zhu X (2008)
Physiological and  cytological ~ mechanisms  of
silicon-induced resistance in rice against blast disease.
Physiologia Plantarum 134: 324-333.

Carretero-Paulet L, Ahumada I, Cunillera N, Rodriguez-
Concepcion M, Ferrer A, Boronat A, Campos N (2002)
Expression and Molecular Analysis of the Arabidopsis
DXR Gene Encoding 1-Deoxy-d-Xylulose 5-Phosphate
Reducto isomerase, the First Committed Enzyme of the 2-
C-Methyl-d-Erythritol ~ 4-Phosphate  Pathway.  Plant
physiology 129:1581-1591.

Chomczynski P, Sacchi N (1987) Single-step method of
RNA isolation by acid guanidinium thiocyanate-phenol-
chloroform extraction. Analytical Biochemistry 162:156-
159.

Crocoll C (2011) Biosynthesis of the phenolic
monoterpenes, thymol and carvacrol, by terpene synthases
and cytochrome P450s in oregano and thyme. University
of Jena, Germany.

Davis EM, Croteau R (2000) Cyclization enzymes in the
biosynthesis of monoterpenes, sesquiterpenes, and
diterpenes.Topics in Current Chemistry 209:53-95.

5 o ¥ Sl o8y optesl s Sl i W05 Oy b -4 Jsir

- WWAY 500 1Y 0 5losds [ 020 juwr 090 [y 98 S5

Sos
Fold ) wals 4 oo 0L Ul5e
-value ol
P (Change
aeaYy \Vo K}
e 1 1 Ve
+/0) ats Voo
é .
IS S S

}Q}M)}}Mférgﬂéu@\ﬁ sls OLis andlas o @LU
Ole Ol ;S S8 osd 35 40 Cos iyl olS

b o Jsed 49l Clale Jlade o 5 A g Lsls QLS

Degenhardt J, Kollner TG, Gershenzon J (2009)
Monoterpene and sesquiterpene synthases and the origin of
terpene skeletal diversity in plants. Phytochemistry
70:1621-1637.

Dkhil BB, Denden M (2012) Effect of salt stress on
growth, anthocyanins, membran permeability and
chlorophyll fluorescence of Okra (Abelmoschus esculentus
L.) seedlings. American Journal of Plant Physiology
7:174-83.

ElI-Din AE, Aziz EE, Hendawy S, Omer E (2009)
Response of Thymus vulgaris L. to salt stress and alar (B9)
in newly reclaimed soil. Journal of applied sciences
research 5:2165-70.

Elyasi R, Majidi M, Bahramnejad B, Mirzaghaderi GH
(2015) Expression pattern analysis of genes involved in
the biosynthetic pathway of monoterpenes and triterpenes
in black cumin (Nigella sativa) plants treated with salicylic
acid. Iranian Journal of Rangelands and Forests Plant
Breeding and Genetic Research 23:164-174.

Estevez JM, Cantero A, Romero C, Kawaide H, Jimenez
LF, Kuzuyama T, Seto H, Kamiya Y, Leon P (2000)
Analysis of the expression of CLAL, a gene that encodes
the 1-deoxyxylulose 5-phosphate synthase of the 2-C-
methyl-D-erythritol-4-phosphate pathway in Arabidopsis.
Plant Physiology 124: 95-104.

Ferreira JF, Luthria DL, Sasaki T, Heyerick A (2010)
Flavonoids from Artemisia annua L. as antioxidants and
theirpotential synergism with artemisinin against malaria
and cancer. Molecules 15: 3135-3170.

Gomez-Galera S, Pelacho AM, Gene A, Capell T,
Christou P (2007) Thegenetic manipulation of medicinal
and aromatic plants. Plant Cell Reports 26:1689-1715.


https://www.sid.ir/en/journal/SearchPaper.aspx?writer=32085
https://www.sid.ir/en/journal/SearchPaper.aspx?writer=284274
https://dor.isc.ac/dor/20.1001.1.20084439.1397.13.3.8.9
https://mg.genetics.ir/article-1-76-en.html

[ Downloaded from mg.genetics.ir on 2026-02-11 ]

[ DOR: 20.1001.1.20084439.1397.13.3.8.9 ]

Q‘)&A)‘S’J\sb‘f

w38 J91956 9 Jgon wgw o SO Ol (w5

Horwath AB, Grayer RJ, Keith-Lucas DM, Simmonds MS
(2008) Chemical characterisation of wild populations of
Thymus from different climatic regions in southeast Spain.
Biochemical Systematics and Ecology 36:117-133.
Kiarostami K, Mohseni R and Saboora A. (2010).
Biochemical changes of Rosmarinus officinalis under salt
stress. Journal of Stress Physiology and Biochemistry
6:114-122.

Lichtenthaler HK (1987) Chlorophyll and carotenoids:
pigments of photosynthetic biomembranes. Methods in
Enzymology 148:350-382.

Lichtenthaler HK (1999) The 1-deoxy-D-xylulose-5-
phosphate pathway of isoprenoid biosynthesis in plants.
Annual Review of Plant Biology 50: 47-65.

Majdi M, Karimzadeh G, Malboobi M (2014) Spatial and
developmental expression of key genes of terpene
biosynthesis in  Tanacetum parthenium. Biologia
Plantarum 58: 379-384.

Misan A, Mimica-Dukic N, Mandic A, Sakac M,
Milovanovic I, Sedej | (2011) Development of a rapid
resolution HPLC method for the separation and
determination of 17 phenolic compounds in crude plant
extracts. Open Chemistry 9:133-42.

Molassiotis A, Sotiropoulos T, Tanou G, Kofidis G,
Diamantidis G, Therios E (2006) Antioxidant and
anatomical responses in shoot culture of the apple
rootstock MM 106 treated with NaCl, KCI, mannitol or
sorbitol. Biologia Plantarum 50:61-8.

Munoz-Bertomeu J, Ros R, Arrillaga I, Segura J (2008)
Expression of spearmint limonene synthase in transgenic
spike lavender results in an altered monoterpene
composition in developing leaves. Metabolic Engineering
10: 166-177.

Parida AK, Das AB, Mittra B, Mohanty P (2004) Salt-
stress induced alterations in protein profile and protease
activity in the mangrove Bruguiera parviflora. Zeitschrift
fur Naturforschung C 59:408-14.

Pulido P, Perello C, Rodriguez-Concepcion M (2012) new
insights into plant isoprenoid metabolism. Molecular Plant
5:964-967.

Qasim M, Ashraf M, Jamil MA, Ashraf M, Rha ES (2003)
Water relations and leaf gas exchange properties in some
elite canola (Brassica napus) lines under salt stress.
Annals of Applied Biology 142:307-316.

Rahdari P, Tavakoli S, Hosseini SM (2012) Studying of
salinity stress effect on germination, proline, sugar,
protein, lipid and chlorophyll content in purslane
(Portulaca oleracea L.) leaves. Journal of Stress
Physiology and Biochemistry 8:182-193.

Ramak P, Kazempour Osaloo S, Ebrahimzadeh H, Sharifi
M, Behmanesh M (2014) Expression of gene 1-deoxy-D-
xylulose 5-phosphate reductoisomerase and its relation to
monoterpene  carvacrol  biosynthesis in  Satureja
khuzestanica. Journal of Agronomy 27: 622-634.

Rohdich F, Bacher A, Eisenreich W (2005) Isoprenoid
biosynthetic pathways as anti-infective drug targets.
Biochemical Society Transactions 33:785-791.

Rohmer M (1999) The discovery of a mevalonate-
independent pathway for isoprenoid biosynthesis in
bacteria, algae and higher plants. Natural Product Reports
16:565-574.

Ruiz-May E, Galaz-Avalos RM, Loyola-Vargas VM
(2009) Differential secretion and accumulation of terpene
indole alkaloids in hairy roots of Catharanthus roseus
treated with methyl jasmonate. Molecular biotechnology;
41 278-285.

Sabra A, Daayf F, Renault S (2012) Differential
physiological and biochemical responses of three
Echinacea species to salinity stress. Scientia Horticulturae
135:23-31.

Santos CV (2004) Regulation of chlorophyll biosynthesis
and degradation by salt stress in sunflower leaves. Scientia
Horticulturae 103:93-99.

Sapir-Mir M, Mett A, Belausov E, Tal-Meshulam S,
Frydman A, Gidoni D, Eyal Y (2008) Peroxisomal
localization of Arabidopsis isopentenyl diphosphate
isomerases suggests that part ofthe plant isoprenoid
mevalonic acid pathway is compartmentalized to
peroxisomes. Plant Physiology 148:1219-1228.
Schmittgen TD, Livak KJ (2008) Analyzing real-time PCR
data by the comparative CT method. Nature protocols 3:
1101-1108.

Smirnoff N (1996) Botanical briefing: the function and
metabolism of ascorbic acid in plants. Annals of Botany
78:661-669.

Yadegari M, Mosadeghzad Z (2012) Biofertilizers effects
on quantitative and qualitative yield of Thyme (Thymus
vulgaris). African Journal of Agricultural Research 7:
4716-4723.

Yildirim E, Karlidag H, Turan M (2009) Mitigation of salt
stress in strawberry by foliar K, Ca and Mg nutrient
supply. Plant, Soil and Environment 55:213-221.



https://www.sciencedirect.com/science/journal/00766879
https://www.sciencedirect.com/science/journal/00766879
https://dor.isc.ac/dor/20.1001.1.20084439.1397.13.3.8.9
https://mg.genetics.ir/article-1-76-en.html
http://www.tcpdf.org

