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Figure 1. The biosynthesis pathway of terpenes in plant cells, including the MVVA pathway and the MEP pathway in the
cytosol and plastid, respectively (Aharoni et al., 2006).
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Table 1. Sequence of primers used for gene expression analysis in cell suspension culture of F. angulata

05 Sl et Sl Js s sles
Gene Primer Name Primer Sequences T™M ¢
GPPS GPPS-F 5'-ACCCAAATCGGTCCGTGATGGT-3' 64.2

GPPS-R 5'-GCAAGCAAGCTAACGACCTCTGT-3 64.6

HMGR HMGR-F 5-CTTCCATAGAGGTTGGCACAGTTG-3' 65.2
HMGR-R 5-GAGCGTTTGAGCCTGGTGATTC-3' 64.2

GAPDH GAPDH-F 5-GTTGACTTGACTGTGAGACTTGAG-3' 63.6
GAPDH-R 5-'CCTTGAGGTTGCCTTCGGATTC-3' 64.2

Lo S ¢l Real-time PCR STy s eslanul 5550 SlS 5 =Y Jgir
Table 2. Compounds used in real-time PCR reaction for gene amplification

Component Volume (uL) Final concentration
RealQ Plus 2x Master Mix Green 125 1X
cDNA 2 100 ng/uL
Forward Primer (10 uM)
L et 0.5 0.2 uM
Reverse Primer (10 uM)
- 0.5 0.2 uM
oS s Skl
PCR o yasee ol
PCR-grade H20
e o= 25
Total volume
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Table 3.Thermal cycle used in real-time PCR reaction for amplification
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Figure 2. Cell suspension growth curve of the F. angulata in MS culture medium containing 2 mg/L of NAA
hormone and 0.5 mg/L BAP hormone
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Figure 3. Evaluation of the RNA quality extracted from the cell suspension of the F. angulata using 1% agarose
gel electrophoresis
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Table 4. Analysis of variance of HMGR and GPPS expression under salicylic acid and yeast extract treatments

ol pnns GL'.,« o3l a3 Sla s Nl
Source of variations df GPPS Mean squares AMGR
Oles - "
20 7844.0999 4586.7000
Treatment
‘?{’“ 6 25193.9187* 53575.8379"
Elicitor
‘J_L"' 2 957.1372"™ 1456.76.28™
Time
Oley xS e 12 317.0177" 408.4688"
Time x Elicitor
Lt 42 5.9016 0.359
Error
AR 2 o B
() ks o 5.0694 0.9272
CV (%)

*%k

Ao ) Jlea| (-:JGM 23,3 s
: Significant at 1% probability level

*k
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Figure 4. Relative expression pattern of GPPS gene in cell suspension culture of F. angulata in response to
salicylic acid and yeast extract elicitors
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Table 5. Orthogonal contrast comparison of relative expression of GPPS and HMGR genes between salicylic
acid and yeast extract elicitors
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Figure 5. Relative expression pattern of HMGR gene in cell suspension culture of F. angulata in response to
salicylic acid and yeast extract elicitors
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Abstract

Ferulago angulata (Schlecht) Boiss is one of the valuable and endemic medicinal plants of Iran, which
is of great importance due to the source of terpenoid compounds and antimicrobial properties. In current
study, the effects of different concentrations of salicylic acid and yeast extract in cell suspension culture
of F.angulata on expression pattern of the HMGR and GPPS genes (involved in terpenes biosynthesis)
were investigated for the first time. The F. angulata cell suspension cultures were initiated and
established using calli derived from leaf explants, and salicylic acid and yeast extract elicitors (with 50,
100 and 150 mg/L concentrations) were added to the cultures during active growth. Then, the cell
samples were prepared at 24, 48 and 72 hours after treatment. Analysis of expression pattern of HMGR
and GPPS genes using Real-time PCR showed that the expression of both genes were significantly
influenced by the type and concentration of the elicitors and also the times after treatment. The relative
expression of HMGR and GPPS genes under elicitors were increased compared to the control, and
furthermore, the increase in the relative expression of these genes under salicylic acid treatment was
significantly higher than that of yeast extract treatment. The highest relative expression of GPPS and
HMGR genes was related to 100 mg/L salicylic acid treatment at 24 hours after treatment. However, the
highest relative expression of these genes was observed under the 24 and 72 hours after treatment of
150 mg/L yeast extract. The results of this study could be useful in metabolic engineering of F. angulata.
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