VAY WAR o /9T 05l fomsilyn Jlo /e olalS ool anluings,

i b e 5 (53y9lS pole ol
s el el aslitngs,

o5 d“"’srf 295 “1“:" 9P d;w i Cs-“’“’ it -*5-’9”)‘?.. dr-’-‘*’%—! JU
(Tanacetum parthenium) s 4igb

? S0 mwl@lgsl 9% 6dUs (sp ¢ ablus oy, ¢ uSTy90 adlal ¢ Sl (sren] 0 yguare

dpog)l oSNy ple 0uSld ( wlid Cunj 09,5 (RS (g5ales b (1SS (gommatils
(I.pourakbar@urmia..aC.ir : Jague oM 5) crog )l olKuld cpole oSl ¢ guwlidh Canmyj 05,5 Hluiils Y
OB b @lio 5 55)9liS pole ol (LS (53l i8 ol 8> ¥
oI55 oKl (g S S 405 (s S155> F
0555 (b @lie 9 (53l pole wlStsly Sj (158> -0
ANV« 2 by gy WANY wedl s o ls
VY B OVAY axdo

FXVCS

03lo (3 yiogeo § i g0 03wl W (59,1 (ygie U pad 43 oS dul il 231g5ls ;1 (Tanacetum parthenium) s aigsly
291> (81 Gl @ o a9V WSl 5 So Wl ol P (95 (F95 v So gL o eaid Sl
adllle okl & B ol Coml i o (b ddlao )3 9 0392 ()50 DAL (6 pSliy Jole 53995 Lo ) Cullad g
99y 4 S digly olS (PTS) Ll sgidyly g (GAS) jliiw A 1,5 ozl (6 5hman smud (SRS bt O]yt
Mo (6 y90 EC=32 o (5,9m) (5,90 Mlisco goba ;5 (Real Time PC) (oadly gyloj 53 lponly (gloyuonij (8STy (ob,
5 Ol SRS 1 45 00l Woi Weid b ljme (iirod g wd loil (EC=10.2 Wi (5 y9u0 9 EC=8.4 lawgie (5 youi EC=6.1
i DSt GCIMS oliwd bawgi (pwilw! duoyd 9 agid )b 3,uiluw] doxio dlawy & HPLC (g w0 las (pig, b olS AU
Ol 31 aLS (LS & o (65900 (AT Cod GBS Jl g Glgr SS 1 ;3 adlllae 3550 ST Gl &5 B> WS S
S )3 0 Jl GBS 31 3 9 (BEY +/Y) sl ()98 bl 43 (lo S 2 43 (TPPTS) (3 ol olwe (o s (8L
HU g oled GBSy 13 THGAS (45 ol (3150 ot yinient b 8 lio (EC=A/E) bawsgito (G ygud 33 o 9 (EC=Y+/Y) wold
GBS 5 5 Wgii )l Gl o b 0ol Canwd @y gl & 42Tl (wizmed 390 bawgio g i (y9m S )lowd @ bgipe
P e ke oY aald wigei 3 o (oS g (el @5 )3 0,5 (e 1/0) Wil (5,90 slowd bl il 15 i 5 & ol
PSS VA ) 2000 (5598 Jlosi 4 g2 pe Mgk Mgl oliwe et 38 HU GBS 2 )3 b padliie bl 05
A 0Sloy5 S ot (Namod gl 3,5 (155 (bl 05 )3 0,5 (uo /1)l & bgapo (2 e 9 (il 0,5
bW Mgyl g 5w A o5Shey5 L) om (ke (Simed 4 31> LS M5l (ol b 5l Mg,k g (L
2,1 3929 Mg, e

owilw! (HPLC ¢ 2819 yloj 40 jlyonks (610 pa5m5 (iiSTg (29,15 LS 1 gunds slasjly

dg mled 505l b eolaBl jlas sl i olS (g
g by odiS dgame Jelos n ke Sl (S x9d ()
gl )5y (Astracae) awlysl edlgls lals
LS i 4 03958l 5 43S ;5 &S cAin IS LS
bl S @l (1) 8,50 )3 oslatul )50 (29l
5 clbidlis lbywis Wl Pl eyl
(g A.A.Io » 9)].) A.Sv
& Olyis 4 oemen g 5 S Gy pogat 4 &S
S dlge 3l ey iy (A) ASe soliel s
P STl Jlgld (S0 4 Canb o oS ais
@5 Wbl bpwlel (Lol 2 pleie 4 lS
Jye 5 ool oxd LS5 ol 915 s 31 &8 oy
Sgd g Bl Sl & sl il odlgls )3 39300 (55 )
S sl b o5 M Sid 5l
IS o cl bS5 JeS 5w 5l 4dp Sk
{F) Ml oS gl Sy e g (ol CLSy

olsis & olS ol ol pululas

Aodlo
DRIl dhe > oyt B ol sbajgme I (S
5 @l oblS Iy S Ay (ipe Clplo
2 ol Cacdl g b5yl 5l ag)l ‘
O 9 oy il e gelge (oM 5 Cullige (el
ol Jo 0 (V) Sl Ll Sl i
Aty b > gloyadS > iw slagh I eolatl
g Cumed Gl (Y0) dad (oo S5 1) 350 b0
adol dlge (lais 4 ag)b (LS @ (glug)h mlo L
plo byl o5 dge casnl Cpizen g g)b Mg
ol 085 dﬁ)l: YalS W5 5 CulS Arwsd s wilisie
(o)l GalS 3550 5 gsm Sldiej nyiere jl S
sSles olse p IS e Gl Lulyd ooy
IS i plon wli el JlS ol Sy oS
2ol gyl GlalS GBS g (slaasass o page
e Ban &8 bl Sl el o uaS Jpao (o8 i
)] )3 39390 0,550 dlge 3l ookl ¢ g,l> LS cuis ;|

oblS .l mis

1y 2 496 slacudplio g 0S5e dlgo )liio dzya g Cuul



185

1399 Jlx /33 o)lous [ p3}ls> o [ ssl,; alS oMol asliingy

sl olanel ;iS5 b 5l jely ol (1 Jgie)
Primer (S_aS 4y s NCBI _sLeMbl Sk 5 josi0
L logl 3 Sles 5 428,518 406 g ) 2 3,90 BLAST
Real Time Sy ploul gl .0 w)p 35 PCR
.4 odlawl ABI S, Step-one oK jI PCR
Jold 48 S8 als o o bawgs JolS (655 dls o
e 495°C & jgo 4 JSiw 45 g 4ids 5 e 4, 95°C
plasl 5l e 05,5 1ol 456 60 @se 4 60°C casli 15
s 3 0/3°C (los asbip b s> iio PCR (gl 2
mobaid] oy y9laie 4 65-057C (slod (o g 45 2
43,5 PCR ¢ &S]

Wo Wo bgy jl edlatwl b adlee 3)30 slays olo zr
il )50 5 Siles Wigad il ¢ ol ] 2 b dsuslno
Slp Jos mod g (dlna 5185 93 I Juols) ACT
ly>| diges y» 4 bgsye (House Keeping),lsals a3
Jgeyd jlelimal b jlainyge o glo (e coled 3 5 43
ol Cawd sy

2 -ACD (House-Keeping Gene) — ACT (Taréet -

Gene expression: Gene)

Fojlas gl dop> o g 2ol sl owionen
o3lit_l (HPLC) YL, LS L golo 31, S5ilog S olSzund
Agilent zorbox g gyl y55 ke HPLC oKy .05
Agilent ¢ (szases 4/6:1as : zaskeo 150 : Jsb) XDB Cig
4,555 VWD agilent 1200, 210nm .y 1200 series
iy 440 460 cos b Syoxie B ppiran AL o
03,5 Gt 2)lg IMI/MIN b2 b g 15 4 Joibl 5
S a0gl (S oal St gy 1 p S 4 dlate oy
Sis alw g0l sluas s ain o Gde 4 S )
031> 5158 Al g 0K 9,3 Caclos 24 oo &y (w503
Sl pedyn yid (o 450 51 oSy b oo .05
24 31 3ay 03,5 uai5 40-50 °C 0 1) Led g 03405 odlazul
sbed s M8 Lalyd )3 5365y 1) gl el doms wesl
1 oy UM b odges Sid el 2 cite 4 45 3 40
gl o)lias 9y Slale el oole 5 355 0
0/45 13 L 5 o390 J> y sl (oo s 20 005
(5) 15 32,5 HPLC olStusd & day g 03,8 5ikd ingSin
as b S uibyly 4350 51 ool b s o3l (glel oy
oed] 31 03l s a o3l (5:iles dunlia 5 (ANOVA)
i) SPSS 16 l58le s Ly oSSl (ol aiels i
195k jlde e (Siaren .85 ©)00 (Statistics
u}..o)] sl edlawl Ly TPPTS 5 TpGas sla i ol
b el gy
1) Bl (95 9 58

Sy 5l oss S wiges p)5 100 lade iolojl oyl 5o
lodlamsl b g 00,8 (59 1) yuS Wl | Cwowd i olS
o &y ol b bl (B9 & 45Sle)l8 (68 puilis] ol
0 aiS it Ol (03l )8 (68 il 390 sl
Sygo & bl g 035 dwlxe 4By i Lo D
b Ol 51 (51 Jot (63) UMl g 45 55 T 1y bogloe
(21) sol ooy 20> 065 Lol b g 23,8

Mo )b 1y S gl slacny (S8 2oy 12 51 i
olS cpl oge odle (ke (e 4 g O eSS
ol (0) Wik (il (Sejdam clled shly o ol
&S ileSleylb culled gVl (Sbj o3yl cle 4 S
OEed g (5 0S8 (pSi Jele laie 4 )b
yn 93 3 iy g Jotunn (FL96) oy codlas
» 5 (MEP) u@f Joro)l Jete yome LS adly )
Sy50 s ol (MVA) s Sigllge pns Jgwginns
2 o iz S (5l (2043) col 48515 g
OblS Jub 090 dlge Glie 3 1) b 5 Sy Jole
Wb e (ony WIS wsgide (Ji8) o)
4\39& ol3 ;o (9) O‘)‘S.o.m 9 Majdi CJL) LB’JG (12‘15)
Blo g Sy 5 2 ey a4 aded)l Jlde ot S
S (e S gl Ay 53 (G0gL g D o0l ol
L blsl s &8s TPGAS 5 plo &8 ad ylaie (piomen
S 2 TPGAS 1 gl 05 VL 5 Gl Ay iwge
2 Mgl Syl g b sdalie (I S S
5 5w ly lohy e S ,S &S o olis s S
OKen g (sypaie Gliid it Wb amwMiosul
olS 3 gl jame s iwge sbooj oo 9y 2 (10)
ORIl Cage ()58 45 2l (LS (g)ed LS Cod gl
s g3l 5 (TPGAS) jlizts A 5Ly slagss ol
Beios ol 5l Ban .l 0135 sals 4 s (TPPTY)
Feoge GMS 05 90 g9y 2 ) ok g ()
dojpe & Lo Sy » (PTS) 5 (GAS) wssyb

G5 ) Alisee pobaw 4 3 (gy0d (A5 CoB g,

g g dlge
03 Ol g Syg sled
b i lise sl JS1 ) pelaie 4 BudoS
23k Stgm e ) 1550 05 95 Ole » )9
3 Oygo g3 4 4l ;51395 Jluw 5 1S wgl olS
o s plogl 58 oMl 5T olSily cyse g JlS
EC=3.2 jio (5)54) o sz 23 519 5 Joli
6195 ECZB.L oMo (5595 « (550 e (o)
)-S5 3L 3 (EC=10.2 1yss (555 § EC=8.4 Lauwsie
astd oledol yh (UL €858 51 S Agl )d 0 5
cdle Jold et g b (Semdly sl 55 5 03)5
Jalsl 53 sl Uil as 50 SIS (il 365 o5y S
OB o) s sl )3 S0pd G Jles] odng) 4l o
Jlosl a8 00 (1028 (i g lawste (15 @M G35 9
595 30 bl jlam a5 e 1 5o, Ko g0 4 S
Pl AL ple Sy 5l )l paiges g5 Jlos]
P sl Jge g a3 pldl 00—
o5 el g b wss (5,105 -80°C 38
LS dl)—’. bk gla O Olese a4 NCBI 1> 39340
J—dley  Siledlar Wl 5, oS4 sl
BatchPrimeer3(http://probes.pw.usda.gov/batchpr
2 4l il €8y bawg o (18) (11 imer3))

1- Metil Eritrol Phosfate

2- Movalonic Acid



186 (TPPTS) sl adsisyb 5 (TPGas) sl A ¢ Sloys slog)) ol dulio 5 sy

g 4id ;5 a5 20 ey L 210-240°C olod I Luno g
g HylKsT i ploul 4By 815 e 4 bed ol 5 iy
abhise o)lys 280°C clos > FID ] ©)lps asys
st 4 ol (53959 )Lt 5 Jobs 55 95 300°C (3,5
o (69959 yLid &8 591 10,3 99/999 ool ax 5 b poule

b el e st Sl 2 p SshS 1Dl ot

el oSy clasuin (GC) d)lf d‘; 93'109)5
4 JEW 8,5 célo DB-S ()b pb b aidge g
o 1> s o 52 Lo 0125 15> b g 120 30 Jobo
phenyl.s ,sDimethylsiloxane.5 s | oSlo 56 L

ol 01 0ddgr (ygy5we 0125 cusles
@ slod b B0°C gl (glos 15 (532000l 2 sl
A5 g0 03933] )] 4 3°C aids ya y> a8 w exlil 210°C

T. parthenium ,> TpGas 5 TPPTS (slagyj (sl odd odliul sl )S5lel Jlgs =1 Jgas
Tablel. Primer pairs used to clone in Tp(PTS) and TpGAS in T. parthenium

ST Jy

)

Forward primer: AGACATTACGTTTACACCCTCCCG Tp(PTS)
Reverse primer: ATCACGACACAAGTCCCAGGG
Forward primer: TGCTATCTCGGGTACTTTCAAGG

TPGAS

Reverse primer:

TTCTCCTCTTATTCTCAACTGTGCG

SaS 4 (GlS 5 5l SO yp doyd pnd) (oS Slowlxe
9255 ey b9, 4 Chromatopac C-R3A by sl

lacab 4 by 2 ol colps (85 oab g 1 o

Sfmwgn e o) ol e ()p @B

(TPGAS) sl A Skeys 5 (TPPTS) jliw wJgs)k
slasles o a8 o L S dgb Gl Sy
9 TpPTS dl‘”()s UL.» ..\)b 2939 d)]bu.'um C)gl.é.’i dl.a‘
‘5)9.«.‘{3 ol C?“a“’ Cod OI9.> Lgl.mf).g 5 TpGAS
I gine I3 2als 4 s (0 5 bauwgie o)
@ bgye TPGAS (slayf olo oliee cn i 0 plis
05 ol e e g (EC=102) mas ()98 Jloss
o wad 5 hwgle 6)58 sbjles & gy TPPTS

(1453

oy s b & Jte 1 S5ileg S S olfiand
{(GCIMS)
Jate Varian 3400 Jso Bl Sglog,S 55 ol
Osw g SatUn 11 Jas oy ouw b oSiwd 4 0uds
L GC oBiwd ;o odlaiwl 3)50 (ygiw SSled odlatwl )50
10 Jole ppgmmliige s5p! Psi 38 gty 5B Lt
a0 290 U 40 g ol ar g g <y o9l
@idy (oS e asy 4 bl ce e Lol S le
slod g 55 ol an > 260 5,5 daise o)l 4y
wlolis 003 e o Kl asy 270 Y a5
GC jl oxel oty slaplSgilog,S I ooliiwl b b
sl yadls SoS 4 g DB-1 g DB-Wax (gt 93 (59,
sty L gl awlio 5 (16 12 ) Ll )50
ol 04335 yuiiio calizee mlio )0 a5 3 lubkiwl (g)bjh
oy b awlis b o il adlas 5 pbxl
Aol 13 29390 OleMbl I eolawl o jlsbsl slacuS s
03,5 4ol GCIMS oSiws jenelS 1 badsuys

. B . Eh.-_’.'.. [

< 1 A

TpGAS

Relative Gene Expression(RGE)
(&]

TpPTS
(%5

(oiagy Jol dlo yo) oS Bl o GBS 2 1 W95k (6 wgnr yoane 3 TP GASy TP PTS (slagyj o g1 -1 IS
Figure 1. Expression pattern of TpPTS and TpGAS gene in biosynthetic Fathway of Parthenolide in young leaves of
i

Feverfew (first vegetative stage) under sal

nity stress.



187

ol Sy 5 Ml ol 3 @b iee SIS
(EC=8.4) lLuwgic 35 5 (EC=6.1) oMo Lis cov
2 Sk 0830 coss 4 syl olise 9 At oamlie

53 JS3) 352 el £ 55 5.5 (LlIB5 5 il 5.5

1399 Jla /33 o)lous [ o3}ls> Jlo [ sl; olS oMol aoliingsy

Oliwe oyt HPLC olKawd j Jobs zmls & asg b
o5 86 cod &S e Sy )5 adeiil 0ge a3l
£,5k0/53) Wi oamlie gy (EC=10.2) (g9 1y

d92 42l & borye 1535l (l3ee cyeS 5 (bl p )5 5

B oemen (55 2 US) (il p5 o 25 (L012)
VWD A, Wavelangth=210 nm (MUSAVIEXTRACTO00018.0)
maL =
q partenolid
5000
4000
-
3000 3
/e
2000
1000 4
3
o1 3
e e g T e s
1] 5 10 15 20 25 30 35 mi
_ HPLC o83 3 (659 5 Jlae! (y3) joS Sl S 2 uilisl i pl S illg,S -2 ISt
Figure 2. Chromatogram obtained from injection of Feverfew leaf Essence (No salt stress) in HPLC
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Figure 3. Chromatogram obtained from injection of Feverfew leaf Essence under mild salinity stress in HPLC
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Abstract

Feverfew (Tanacetum parthenium) is belonging to the Asteraceae family that was
traditionally used as a fever and the most important constituent of the sesquiterpene lactonesis
Parthenolide. Parthenolide, a lactone germacranolide, is very important in preventing migraine
and cancer treatment due to its medical vaue and pharmacological activity in particular. In the
present study, young and mature leaves of Feverfew were at different salinity levels (control:
EC = 3.2(Dg/m), mild salinity EC = 6.1, moderate salinity EC = 8.4 and severe sainity EC =
10.2). In order to study the changes in the expression of biosynthetic pathway genes,
parthenolide, germinal A synthetase (GAS) and parthenolide synthetase (PTS) were evaluated
by Rea Time PCR method. The amount of parthenolide produced in the leaves was determined
by HPLC extraction method using standard parthenolide curve and essential essence percentage
by GC/ MS. The results showed increased expression of the studied genesin young and mature

leaves under salinity stress compared to control plants. The highest gene expression (TpPTS)
was observed in young leaves in severe sdinity (Ec = 10.2) and in adult leavesin severe sadinity
(Ec = 10.2) and moderate salinity (Ec = 8.4). Adult was related to severe and moderate salinity
treatments. Also, according to the present study, the highest expression of TpGAS gene in
young and adult leaves was related to severe and moderate salinity treatments. Also, according
to the present study, the highest and lowest amount of parthenolide produced in young leaves
belonged to severe sdlinity treatment (1.5mg / g essence) and control (0.2mg / g essence),
respectively. In adult leaves, the highest amount of parthenolide belonged to severe salinity
treatment (1.5mg / g essence) and lowest belonged to control (0.1mg / g essence). The results of
correlation between partitioning of germakren A synthetase and parthenolide synthetase genes
was a positive correlation between the partitioning of germakren A synthetase and parthenolide
synthetase genes.
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