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Figure 1. The biosynthetic pathway of parthenolide and the location of HMGR, GAS, DXR and HDR genes in the
MVA and MEP pathways
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Table 2. The primers used for gene expression analysis of different genes via Real time PCR (Tm=55° C)
o5 s S 318 oS Sl
Gene Forward 5'-3' Reverse 5'-3'
GAPDH GTTGACTTGACTGTGAGACTTGAG CCTTGAGGTTGCCTTCGGATTC
HMGR CTTCCATAGAGGTTGGCACAGTTG GAGCGTTTGAGCCTGGTGATTC
GAS TGCTATCTCGGGTACTTTCAAGG TTCTCCTCTTATTCTCAACTGTGC
DXR CTAATGTCACACTTCTTGCGGAAC TGTAATCGGAACCAGCCAAAGC
HDR CTGAGTGGCGTCACAGATGG GAAGGGAGAAACAGAGGAGATAGG
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Table 3. Analysis of variance of gene expressions of different genes in the leaves derived from the vegetative
and generative phase and in the flowers of different feverfew genotypes

Ola o S0k
. T MS
L0} EESIRCSE ~ X z : -
Genes DF LS il e S 0 ) A e S
Flowers Leaves of generative  Leaves of vegetative
phases phases
TpHMGR 2 0.029 ™ 0.017" 0.003"
TpGAS 2 3.220™ 0.429 ™ 0.069 ™
TpDXR 2 0.017 0.031° 0.006 "
TpHDR 2 0.002 " 0.021 " 0.569 "

.M)z\)odubich.‘);)\;&“‘)\g . ﬁ%ﬁ@:**;*‘ns

ns.*and ** : Not significant, significant at 5% and 1% probability levels, respectively.
o a0 by e S 5 3 Sa b il slac 55 3 il Gl Oly oomd Oliee (Kl anmlio =8 gt
L S s 5 ol ad e sy

Table 4. Mean comparisons of relative gene expressions of different genes in feverfew genotypes and in the
leaves derived from the vegetative and generative phases, also in flowers

05/ et
N Growth - Path / Gene

Ao a3 period <55  Genotype MVA JEP
TpHMGR  TpGAS TpDXR TpHDR
L33 Zardband 041 a 017 b 023 a 180 a
w35  Generative 5,5 K Golzard 045 a 0.18 b 017 a 181 a
L5565 Tetraploid 040 a 0.40 a 023 a 115 a
A3, Zardband 019 @ 0.47 b 023 a 154 a
=3 Vegetative >,5 JS Golzard 0.05 a 0.03 ¢ 0.09 ab 140 a
L35k Tetraploid 011 a 0.67 a 0.06 b 144 a
xus,; Zardband 050 a 0.80 ¢ 036 a 111 a
LJS  Flowers 555 JS Golzard 061 a 1.67 b 040 a 112 a
L5565 Tetraploid 066 a 2.59 a 027 a 115 a

S ol e Ol WBL wlie 3y > lls sl J..<;L~ Ogiw ;& )3
Means followed by similar letters in each column are not significantly different.
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Abstract

Feverfew (Tanacetum partheniumL. Schulz Bip.) is a medicinal herb belonging to the Asteraceae
which recently raised researcher’s attention due to its medicinal value and pharmacological activities,
especially as a migraine prophylaxis agent and also for treatment of cancer. Parthenolide has a
sesquiterpene lactone structure which is most likely synthesized through the mevalonic acid (MVA)
pathway. Recently, it has been shown that there is cross a talk between the MVA and the MEP
pathways through IDP (losopentenyl diphosphate) exchange as a precursor for the biosynthesis of
different terpenes; hence, parthenolide biosynthesis could be affected by the MEP pathway as well. In
the present work, the relative gene expression of two key genes of the MVVA pathway, including 3-
hydroxy-3-methylglutaryl-coenzyme A reductase (HMGR) and germacrene A synthase (GAS) and two
key genes of the MEP pathway including 1-deoxy-D-xylulose-5-phosphate reductoisomerase (DXR)
and hydroxy-2-methyl-2-(E)-butenyl4-diphosphate reductase (HDR) were examined in leaves derived
from the vegetative or generative phases, also in flowers using real time PCR. The results of our study
showed that expression of these genes depend on the growth stage and genotype. Moreover, in which
in the flowers and leaves derived from vegetative phase in different genotypes only the TpGAS gene
expression showed a significant difference, while in the leaves derived of generative phase the relative
gene expression showed a significant difference for TpHMGR, TpGAS and TpDXR.
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