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Abstract

Recent data showed that phenylpropanoid compound, methylchavicol is essential component of Iranian cultivars of
basil. Studying their occurrence during development of plant may help to elucidate the role of phenylpropanoids in
plant cell physiology. We followed the phenylpropanoids concentration and the expression of genes related to their
biosynthesis during growth and development of two cultivars of Iranian basil. Cinnamate 4- hydroxylase (C4H), 4-
Coumarate CoA ligase (4CL), Eugenol O- methyltransferase (EOMT) and Chavicol O-methyl transferase
(CVOMT) are known as key enzymes regulating phenylpropanoids production. The yield of essential oils and
concentration of phenylpropanoid, methylchavicol, increased during growth of the plant to reach a peak before pre-
flowering stage. Gene expression analyses showed that the expression of the genes encoding C4H, 4CL, EOMT and
CVOMT are increased during the plant development in parallel to the methylchavicol reaching a maximum before
pre-flowering. These correlations showed that the biosynthesis of phenylpropanoid may regulated at transcriptional
level.

Key words: Ocimum basilicum L., Phenylpropanoid, 4CL (4Coumarate CoA ligase), C4H (Cinnamate 4-
hydroxylase), EOMT (Eugenol O- methyltransferase), CVOMT (Chavicol O-methyltransferase).

methyleugenol, chavicol, methylchavicol, myristicin,
methylcinnamat and elemicin, often combined with
various proportions of linalool, a monoterpens, and
sesquiterpenes [3]. These compounds synthesized and
stored in peltate glands found on the surface of
leaves, stems, and flowers [19]. Biosynthesis of
phenylpropanoid compounds is passed from
shikimate pathway and it regulated by several groups
of enzymatic reactions through metabolic channels in
which these enzymes are loose or joint on cell
membranes [12]. All phenylpropanoids are derived
from cinnamic acid, which is formed from
phenylalanine by the deamination action of phenyl

Introduction

Plant essential oils, that have in general terpenoids
and phenylpropanoids as major components, are
important sources of aromatic and flavoring
chemicals in food, industrial, and pharmaceutical
products [10].

Phenylpropanoids are a group of small phenolic
molecules, which are key elements in many important
herbs and spices, including peppercorns, cloves,
nutmeg, cinnamon, allspice, pimenta, basil (Ocimum)
and tarragon [19].

Ocimum (2n=48), a member of the Lamiaceae family,

comprises annual and perennial herbs native to the
tropical and subtropical regions of Asia, Africa and
Central South America [23]. The plant, traditionally
used as medicinal herb in the treatment of headaches,
diarrhea, coughs, warts, worms and kidney
malfunctions [4, 21, 32, 43].

Basil is widely cultivated for the production of
essential oils and containing high proportions of
phenylpropanoids derivatives, such as eugenol,

alanine amonia-lyase (PAL) which is one of the most
important enzymes and has a key role in regulation
of phenylpropanoid production in plants [1, 19].
Cinnamate 4-hydroxylase (C4H) catalyzes the
hydroxylation of trans-cinnamic acid to 4-
hydroxycinnamate (p-coumaric acid) and is the
second key enzyme of phenylpropanoid biosynthetic
pathway [11]. Core enzymes of phenylpropanoid
metabolism are believed to form an enzyme complex,
and C4H plays a pivotal role at the interface between
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cytosolic phenylpropanoid pathway and membrane-
localized electron-transfer reactions [22].
Down-regulation of C4H in transgenic plants and
C4H mutation induce pleiotropic effects on phenolic
patterns including reduction in chlorogenic acid,
flavonoids and lignins [33]. Some plant genera are
assumed to contain only one gene for C4H, such as
Pisum [15], Arabidopsis and Petroselinum [22],
while in maize [5] and alfalfa, they encoded through
a small gene family. Also in Brassica napus two
isoforms was reported [11].

4-Coumarate: CoA ligase (4CL) family catalyzed the
activation of 4-coumarate and a few related substrates
to the respective CoA esters and thus channels the
common, phenylalanine-derived building block into
the other wise widely distinct branches of general
phenylpropanoid metabolism [18]. 4CL is encoded
by multigene families in all plant species investigated
[7]. It has been reported that the mRNA activities
encoding the PAL, C4H and 4CL are regulated in a
coordinated manner [31, 40]. Eugenol O-
methyltransferase (EOMT) and chavicol O-
methyltransferase (CVOMT), catalyze the final step
to convert eugenol and chavicol, respectively, to
methyleugenol and methylchavicol using S-
adenosylmethionine (SAM) as the methyl donor [16,
26, 43]. Methyeugenol is an important insect
pollinator attractant in many flowers [38].

Little is known about regulation of phenylpropanoids,
such as chavicol and its derivatives. Gang et al.
(2002) observed higher CVOMT transcript
accumulation in young basil whole leaves compared
to older leaves. It is known that phenylpropanoid
content and composition changes with age
concentration of growth factors, herbivory, tissue
wounding, pathogenic attack, UV irradiation and low
temperature [7, 28, 34, 35, 42]. On the other hand,
there are chemotypes of basil rich in specific
aromatic terpenes and phenylpropanoids [42].
Because of the economic importance of essential oil
production, basil is considered as a target for
bioengineering [39]. In this research to gain new
insight about the biosynthesis of the essential oil in
basil, the developmental regulation of genes
expression of C4H, 4CL, EOMT and CVOMT and
phenylpropanoid composition were evaluated in
leaves of two cultivars (green basil and purple basil)
at different stages of growth and development.

Materials and Methods

Plant materials

Two Ocimum basilicum cultivars (Ocimum basilicum
L. cv green (Sweet basil) and Ocimum basilicum L.
cv purple) seeds were obtained from Tehran
University Experimental Research Station, and grown
in plastic pots containing a mixture of soil: sand
(2:1), under natural light condition in a greenhouse.
The plants were watered every other day and
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maintained at day/night temperature of 27-30 and 18-
20 °C, respectively [44]. The leaves were harvested at
different developmental stages [10 leaves plants
(10L), 50 leaves plants (50L), pre-flowering (PF) and
flowering (F)]. The samples from different stages
were used for essential oil analysis. A part of the
samples were immediately frozen in liquid nitrogen
and preserved at -80 °C for molecular analysis.

Essential oil extraction and Identification of essential
oil components and methyl chavicol measurment
The dried plant material (250 g) was used for
essential oil extraction by hydrodistillation in a
Clevenger type apparatus. Essential oil components
were analyzed using a thermoquest-finnigan
instrument, Gas Chromatograph (GC), equipped with
a DB-5 fused silica column (60 m x 0.25 mm i.d.,
film thickness 0.25 pm). Oven temperature was
raised from 60 °C to 250 °C at a rate of 5 °C/min.
Injector and detector (FID) temperatures were kept at
250 °C and 280 °C, respectively. Nitrogen was used
as the carrier gas at the constant flow of 1.1 ml/min.
The split ratio was 1/50. Quantitative data were
obtained electronically from FID area percent data.
Gas chromatography/mass spectrometry (GC/MS)
analysis was carried out on a thermoquest- finnigan
trace GC/MS instrument equipped with the same
column and temperature programming as mentioned
for GC. Transfer line temperature was 250 °C.
Helium was used as the carrier gas at a flow rate of
1.1 ml/min with a split ratio equal to 1/50.
Identification of individual compounds was made
and comparing of their mass spectra with those of the
internal reference in the mass spectra library (Wiley
7.0) or with those of authentic compounds and
confirmed by comparison of their retention indices
with those of authentic compounds or with those
reported in the literature (Adams 2001). Semi-
quantitative data was obtained from FID area
percentages without the use of correction factors.
Essential oil yield in all the samples was quantified
as percentage of leave dry weight (V/W), and methyl
chavicol content in all the samples was quantified as
pl/g DW.

RNA isolation

Total RNA was extracted from whole leaves of
Ocimum  basilicum by the RNX™-Plys Kit
(CinnaGen, Iran) following the instructions of the
manufacturer. Total RNA (10 xg) was treated with 20
units of RNase-free deoxyribonuclease | (DNase 1)
(Fermentas) at 37 °C for 15 min in 100 pl of mixture
containing 40 mM Tris-HCI (pH 7.5) and 6 mM
MgCl,. The treated RNA was purified by extraction
with Phenol/CHCI; (1:1, v/v) followed by ethanol
precipitation. The quality and concentration of RNA
samples were examined by agarose gel
electrophoresis and spectrophotometer analysis.
cDNA synthesis and RT-PCR
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The total RNA (2 pg) was used for synthesis of the
first strand cDNA using a first-strand cDNA
synthesis Kit (Fermentas, Canada) according to the
manufacturer’s instructions.

PCR was performed in 20 ul reaction mixture
containing 10 mM Tris-HCI (pH 8.3), 50 mM KClI, 2
mM MgCl,, 0.3 ul of the first-strand cDNA, 0.4 U of
recombinant Taqg DNA polymerase (Fermentas), 200
1M of each deoxynucleoside triphosphate and 4 umol
each oligonucleotid.

All primers were designed by aligning many
sequences from another plants and using Clustal-W
software. Finally, we designed gene specific primers
with using conserved segments and eight primers
were designed using the Primer3 software
(http://frodo.wi.mit.edu/cgibin/
primer3/primer3/www.cgi)  (Whitehead Institute,
Cambridge, Massachusetts).

The primer sequences: forward C4H
5TCCGCGGCAGGAAGTTCAAGCTGS3' and reverse
5'’AATCGGGATGAAATCGCCATAGZ, for A4CL:
forward 5TCGCAA AACAGCCACTACCGAC 3
and reverse 5 AGGTGCAGCAAGTTTGGCTCTC 3,
for EOMT: forward
5'GAAAACAACTCTAATAATCAAGS3' and reverse
5'AACATGTCT CCTCCAATATAG 3', for CVOMT:
forward 3' CCA ATT TCT TCA TAG AAG AAA
ACT Cc reverse 5'
GATAAGCCTCTATGAGAGACCTC, for tubulin:
forward 5' GGGGCG TAGGAGGAAAGCA 3, and
reverse 5' GCTTTCAACAACTTCTTCAG 3.

For amplification of transcripts for each gene the
initial denaturation was performed at 94 “C for 90 sec
and the amplification was performed by 30 cycles for
tubulin, as internal control and other genes.
Denaturation at 94 °C for 30 sec, annealing at 60 °C
for 30 sec, and extension at 72 °C for 60 sec,
followed by a final extension at 72 °C for 5 min. PCR
products were subjected to agarose gel
electrophoresis, and the band intensity on the gel
stained with ethidium bromide was measured using
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UV Transilluminator (Bio Doc-It System). The RT-
PCR results shown are from one experiment that was
repeated at least three times with similar results. The
identity of amplified fragment was confirmed by
PCR product sequencing.

Statistical analysis

All analysis was conducted at least three times, each
with three independent repetitions. The analysis of
variance and the dunkan test (P< 0.05) of mean
comparison were performed using the MSTATC
program ver. 1.4.

Results

Essential oils content and composition in two cultivars
The chemical composition of the essential oils of
Ocimum basilicum L. was investigated by GC/MS.
The content of essential oil in leaves of two cultivars
was dependent on the leave development and
maturity. In Ocimum basilicum L. cv green as shown
in figure 1 the amount of essential oil in leaves was
0.35 ml/g dw at 10- leaves stage and it reach a
maximum 0.75 ml/g dw at preflowering stage. The
main constituent found in the oil of all stages of
growth in two cultivars was methyl chavicol, It was
0.123 ml/gdw at 10 leaves stage and reach a
maximum 0.208 ml/gdw at preflowering stage in O.
basilicum L. cv green. The greatest essential oil
content was also found at preflowering stage where,
the main terpenoids detected were Z-citral and E-
citral (Table 1).

In O. basilicum L. cv purple as shown in Fig. 2
chemical composition was differente at growth stages
and the amount of essential oils reach a maximum
level 0.9 ml/g DW in flowering stage. The results
showed that an important component of purple basil
at 4 stages was methyl chavicol; it was 0.183 ml/g dw
at 10 leaves stage and reached to 0.488 ml/g dw at
flowering stage as the maximum amount (Fig 4).
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Fig 1. Total essential oils yield (ml/g DW) in various stages of growth in Ocimum basilicum cv. green (sweet basil). 10L: 10 —
Leaves, 50L: 50 — Leaves, PF: Pre-flowering stage, F: Flowering stage.
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Fig 2. Total essential oils yield (ml/ g DW) in various stages of growth in Ocimum basilicum cv. purple (purple basil). 10L: 10 —
Leaves, 50L: 50 — Leaves, PF: Preflowering stage, F: Flowering stage.
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Fig. 3. Meythyl chavicol content (ml /g DW) in leaves of Ocimum basilicum cv. green (sweet basil) at different stages of growth
according to using essential oil efficiency and GC-MS results.
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Fig 4. Meythyl chavicol content (ml /g DW) in leaves of Ocimum basilicum cv. purple (purple basil) at different stages of growth
according to using essential oil efficiency and GC-MS results.
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Table 1 Essential oil components (ml/g DW) found in Ocimum basilicum cv. green (sweet basil) at different stages of growth RT

Component RT 0L 50L PF F

Methyl chavicol 17.14 0.123 0.188 0.208 0.186
Z-Citral 18.21 0.072 0.112 0.155 0.122
E-Citral 19 0.069 0.115 0.165 0.140
cis-Caryophyllene 23.76 0.014 0.027 0.036 0.033
a-Humullene 24.59 0.010 0.022 0.020 0.012
Cis-a- Bisabolene 26.43 0.008 0.026 0.030 0.019
1-Octen-3-ol 10.86 0.005 0.006 0.005 0.015
Fenchone 13.98 0.004 0.006 0.003 0.001
trans-2-caren-4-ol 16.41 0.006 0.008 0.012 0.015
Methyl eugenol 22.23 0.004 0.011 0.010 0.001
Germacrene D 25.2 0.005 0.014 0.006 0.014
cis-Verbenol 15.92 0.002 0.004 0.009 0.009
Z,E-a-Farnesene 24 0.002 0.009 0.008 0.009
Limonene 12.58 0.002 0.003 0.002 0.001

(retention time), 10L: 10 — Leaves, 50L: 50 — Leaves, PF: Preflowering stage, F: Flowering stage.

Table 2 Essential oil components (ml/g DW) found in Ocimum basilicum cv. purple (purple basil) at different stages of growth

Component RT 0L 50L PF F
Methyl chavicol 17.14 0.183 0.277 0.407 0.488
Z-Citral 18.21 - 0.143 - 0.002
Linalool 10.85 0.022 - 0.082 0.167
cis- Caryophyllene 23.76 0.010 0.009 0.008 0.009
Z,E-o-Farnesene 24 0.016 0.002 0.023 0.045
1,8 Cineol 10.24 0.017 - 0.009 0.048
Methyl eugenol 22.23 0.007 0.005 0.006 0.001
Carvacrol 12.74 0.015 - - -
B-Ocimene 10.37 0.010 - 0.007 0.034
Germacrene D 25.2 0.009 0.003 0.007 0.016
Fenchone 13.93 0.006 - -

RT (retention time), 10L: 10 — Leaves, 50L: 50 — Leaves, PF: Pre-flowering stage, F: Flowering stage.

Expression of C4H, 4CL, EOMT and CVOMT genes
in two cultivars at the different stages of growth

Semi quantitative RT-PCR was used to determine the
expression of C4H, 4CL, EOMT and CVOMT genes
at different stages of growth. Tubulin was used as
internal control. The results showed that the highest
transcription level of expression C4H and 4Cl genes
in 2 cultivars was found at pre-flowering stage (PF)
(Figs. 5-8). The levels of C4H transcript in leaves of
purple basil were much higher than in sweet cultivar,

while higher 4CL transcript levels were observed in
sweet plants compared with purple plants.

Our results showed that EOMT transcript levels were
significantly induced during the growth and
development to receive a maximum at pre-flowering
stage. After this induction, the transcript level fall at
flowering stage (Figs. 9 and 10). Maximum CVOMT
gene expression in sweet basil was at flowering stage
but in purple basil maximum CVOMT gene
expression occurred at preflowering stage (Figs. 11
and 12).
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Fig 5. By Semiquantitative RT-PCR technique the accumulation of specific C4H transcripts in leaves of sweet basil at different
stages of growth was examined. a) RT-PCR was performed using equal amounts of cDNA from tubulin as internal control and
C4H. b) The relative amounts of target (t; 594 bp) and control (c; 680 bp) amplification products were calculated. The amount of
expression level was quantified using Image guage 4 software.
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Fig 6. By Semiquantitative RT-PCR technique the accumulation of specific C4H transcripts in leaves of purple basil at different
stages of growth was examined. a) RT-PCR was performed using equal amounts of cDNA from tubulin as internal control and
C4H. b) The relative amounts of target (t; 594 bp) and control (c; 680 bp) amplification products were calculated. The lowest and
highest level of the C4H gene expression was seen in 10 leaves (10L) and preflowering (PF) stages. The amount of expression
level was quantified using Image guage 4 software.
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Fig 7. By Semiquantitative RT-PCR technique the accumulation of specific 4CL transcripts in leaves of sweet basil at different
stages of growth was examined. a) RT-PCR was performed using equal amounts of cDNA from tubulin as internal control and
4CL. b) The relative amounts of target (t; 550 bp) and control (c; 680 bp) amplification products were calculated. The lowest and

highest levels of the 4CL gene expression were seen in flowering (F) and pre-flowering (PF) stages of growth. The amount of
expression level was quantified using Image guage 4 software.
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Fig 8. By Semiquantitative RT-PCR technique the accumulation of specific 4CL transcripts in leaves of purple basil at different
stage of growth was examined. a) RT-PCR was performed using equal amounts of cDNA from tubulin as internal control and
4CL. b) The relative amounts of target (t; 550 bp) and control (c; 680 bp) amplification products were calculated. The highest
level of the 4CL gene expression was seen at preflowering (PF) stage of growth. The amount of expression level was quantified
using Image guage 4 software.
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Fig 9. By Semiquantitative RT-PCR technique the accumulation of specific EOMT transcripts in leaves of sweet basil at
different stage of growth was examined. a) RT-PCR was performed using equal amounts of cDNA from tubulin as internal
control and EOMT. b) The relative amounts of target (t; 494 bp) and control (c; 680 bp) amplification products were calculated.
The highest level of the EOMT gene expression was seen at pre-flowering (PF) stage of growth. The amount of expression level
was quantified using Image guage 4 software.
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Fig 10. By Semiquantitative RT-PCR technique the accumulation of specific EOMT transcripts in leaves of purple basil at
different stages of growth was examined. a) RT-PCR was performed using equal amounts of cDNA from tubulin as internal
control and EOMT. b) The relative amounts of target (t; 494 bp) and control (c; 680 bp) amplification products were calculated.
The highest level of the EOMT gene expression was seen at pre-flowering (PF) stage of growth. The amount of expression level
was quantified using Image guage 4 software.



31 Tahsili et al.

a) DNA marker 10L 50L PF F DNA marker

<4— CVOMT (819 bp)
500bp —»

<«— Tubulin (680 bp)

500bp —»

b)
o 8 a
E 15 i
'_
=
s 1
2 b
% 0.5 b b
H 0 . (7] | :
3 10L 50L PF F

Fig 11. By Semiquantitative RT-PCR technique the accumulation of specific CVOMT transcripts in leaves of sweet basil at
different stages of growth was examined. a) RT-PCR was performed using equal amounts of cDNA from tubulin as internal
control and CVOMT. b) The relative amounts of target (t; 819bp) and control (c; 680 bp) amplification products were calculated.
The highest level of the CVOMT gene expression was seen at flowering (F) stage of growth. The amount of expression level was
quantified using Image guage 4 software.
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Fig 12. By Semiquantitative RT-PCR technique the accumulation of specific CVOMT transcripts in leaves of purple basil at
different stages of growth was examined. a) RT-PCR was performed using equal amounts of cDNA from tubulin as internal
control and CVOMT. b) The relative amounts of target (t; 819bp) and control (c; 680 bp) amplification products were calculated.
The highest level of the CVOMT gene expression was seen at flowering (F) and preflowering (PF) stages of growth. The amount
of expression level was quantified using Image guage 4 software.
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Discussion

Basil (Ocimum basilicum L.) is an important medicinal
plant and culinary herb and is also marketed as an herb,
fresh, dried, or frozen [26]. Basil similar to many
members of the Lamiaceae family such as Mentha,
Salvia, Origanum, and Thyme spp. is also cultivated to
be used as herbs and as a source of essential oils [37].
The amount of total phenolic compounds in all tested
basil accessions was higher than the other Lamiaceae
plants [43]. The essential oil yield (0.58%) in our
research was comparable to reports by Politeo et al.
2007, who found the yield of essential oils of O.
basilicum to be 0.62%. In O. basilicum landraces from
Turkey, the essential oil yields were from 0.4 to 1.5%
[8, 41]. while it is reported that the yield of essential oil
from O. basilicum grown in Serbia and Montenegro to
be 0.37%. These variations might be attributed to the
varied agroclimatic conditions of the regions. On the
other hand, total essential oils content in our study
indicates that maturity and leaf development influence
strongly on the production of essential oil compounds
and maximum quantity of essential oils is in the last
stage of vegetative growth, pre-flowering, in this plant.
Our result was in agreement with those of other
researchers who reported that essential oil yield
generally positively correlated with biomass [9, 29].

The major aroma constituents of the essential oil found
at 4 stages of growth were methyl chavicol, Z-citral and
E-citral. However, methyl chavicol, linalool, citral,
eugenol, and methyl cinnamate are reported as major
components of the oils of different chemotypes of O.
basilicum [36]. In agreement with our result, a
chemotype of O. basilicum with high methyl chavicol
and citral contents have been reported from Turkey
which is known as methyl chavicol/citral chemotype
[41]. European originated basil was reported to have the
highest quality aroma, containing linalool as the major
constituents  [39]. Our results indicated that
phenylpropanoid compounds especially methyl chavicol
compose an important part of essential oil of Iranian O.
basilicum at all stages of growth. Instead of the
enhanced total essential oil yield, phenylpropanoid ratio
was slightly reduced during the basil growth and
development.

To further investigation on the regulation of
biosynthesis phenylpropanoids in basil and to determine
what are relationships between C4H, 4CL and EOMT
enzymes and phenylpropanoids levels, we used RT-
PCR analysis with specific primers for C4H, 4CL,
CVOMT and EOMT genes.

C4H catalyzes the conversion of cinnamate into 4-
hydroxy-cinnamate, a key reaction of the
phenylpropanoid pathway which leads to the
biosynthesis of several secondary metabolites [27]. It
has been reported C4H activity and gene expression
levels is induced by a number of stresses, including
wounding, chemical effectors and pathogen [35]. Our
results suggest that C4H transcript levels are
developmentally regulated in basil and it may has

32

significant role in of essential oil
constituents.

In other hand, C4H catalyzes the first oxygenation step
in phenylpropanoid biosynthesis, and the
phenylpropanoid branch pathways lead to a wide array
of secondary products [35]. This changes in gene
expression was probably due to the defense related
function of these products, the activation of C4H under
plant growth condition have been considered as a part of
defense.

In the biosynthesis of phenylpropanoids, 4CL has a
pivotal role at the divergence point from general
phenylpropanoid metabolism to several major branch
pathways [14]. 4CL has been the subject of extensive
study for many years, mainly in higher plants. It has
been shown to occur in the form of multiple
isoenzymes with either similar or distinct substrate
affinities [14]. The results shown here demonstrate that
4CL gene expression were increased during pre-
flowering stage indicating that the enhanced activity and
expression of 4CL is correlated with formation of
phenylpropanoids in response to plant growth and
environmental condition. In previous studies northern
blots analyses indicated that 4CL mRNA transcripts are
highest in old stems and higher in the non-pigmented
corolla tubes than in the pigmented limbs of tobacco
flowers [25]. Our result showed that the age factor
induced the 4CL transcript levels. We also found low
gene expression at flowering stage in O. basilicum. This
decrease was probably due to leaf drop and dehydration,
a happenstance of senescence [28].

Previous studies have reported a significant correlation
between methylchavicol accumulation and EOMT and
CVOMT enzyme activities [17, 26]. They report that
CVOMT and EOMT activity levels, CVOMT and
EOMT transcript expression levels, which decrease with
leaf age. Developmental regulation has also been
reported for other plant methyltransferases [13, 20]. In
this research EOMT gene expression in two cultivars
was higher in pre-flowering stage than other stages and
however EOMT transcript expression levels increase
overtime as the leaves matured. This increase was
probably related to the nature (an important insect
pollinator attractant) role and defense function of
methyleugenol but more work is necessary to elucidate
the mechanism of regulation phenylpropanoid
production mediated by developmental factors, which is
of interest to be studied in the future.

production

References

1. Achnine L, Blancaflor EB, Rasmussen S, Dixon RA.
Colocalization of L-phenylalanine ammonia-lyase and
cinnamate 4-Hydroxylase for metabolic channeling in
phenylpropanoid biosynthesis. Plant Cell. 2004;16:3098-
3109.

2. Adams R P. Identification of essential oils components by
Gas chromatography/ quadrupole Mass spectroscopy,
Allured Publishing Co. 2001; Illinois, USA.

3. Attieh JM, Hanson AD, Saini HS. Purification and
characterization of a novel methyltransferase responsible



33

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

for biosynthesis of halomethanes and methanethiol in
Brassica oleracea. J. Biol. Chem. 1995;270:9250-9257.
Bais HP, Walker TS, Schweizer HP, Vivanco JM. Root
specific elicitation and antimicrobial activity of rosmarinic
acid in hairy root cultures of Ocimum basilicum, Plant
Physiol. Biochem. 2000;40:983-999.

Batard Y, Hehn A, Nedelkina S, Schalk M, Pallett K,
Werck-Reichhart D. Increasing expression of P450 and
P450-reductase proteins from monocots in heterologous
systems. Biochem. and Biophy. 2000;379:161-169.
Bidlack J.E. and Buxton D.R. Chemical regulation of
growth, yield, and digestibility of alfalfa and smooth
bromegrass. Plant Growth Regul. 1995;14:1-7.

Boudet A.M. Evolution and current status of research
phenolic compounds Phytochem. 2007;68:22-24.

Bozin B, Mimica-Dukic N, Simin N, Anackov G.
Characterization of the volatile composition of essential
oils of some lamiaceae spices and the antimicrobial and
antioxidant activities of the entire oils, J Agric Food
Chem. 2006;54:1822-1828.

Chang X, Alderson P, Wright C. Solar irradiance level
alters the growth of basil (Ocimum basilicum L.) and its
content of volatile oils. Environ. Exp. Bot. 2008;63:216-
222.

Charles DJ, Simon JE. Comparison of extraction methods
for the rapid determination of essential oil content and
composition of basil. J. Am. Soc. Hort. Sci..
1990;115:458-462.

. Chen AH, Chai YR, Li NJ, Chen L. Molecular Cloning of

Two Genes Encoding Cinnamate 4-Hydroxylase (C4H)
from Oilseed Rape (Brassica napus). Biochem. Mol. Biol.
2007;40:247-260.

Dixon RA, Choudhary AD, Dalkin D, Edwards R,
Fahrendorf T, Gowri G, Harrison MJ, Lamb CJ, Loake
GJ, Maxwell CA, Paiva NL. Molecular biology of
stressinduced  phenylpropanoid  and isoflavonoid
biosynthesis in alfalfa, In Phenolic Metabolism in Plants,
H.A. Stafford and R.K. lbrahim, eds . 1992;91-138.
Dudareva N, Pichersky E, Gershenzon J. Biochemistry of
plant volatiles. Plant Physiol. 2004;135:1893-1902.

Ebel J, Silber MV, Meimberg H. ldentification of a 4-
Coumarate CoA ligase family in the moss, Physcomitrella
patents. Phytochem. 2008;69:2449-2456.

Frank MR, Deyneka JM, Schuler MA. Cloning of wound-
induced cytochrome P-450 monooxygenase expressed in
pea. Plant physiol. 1996; 110:1035-1046.

Gang DR, Wang J, Dudareva N, Nam KH, Simon JE,
Lewinsohn E, Pichersky E. An investigation of the storage
and biosynthesis of phenylpropenes in sweet basil. Plant
Physiol. 2001;125:539-555.

Gang DR, Lavid N, Zubieta C, Chen F, Beuerle T,
Lewinsohn E, Noel P, Pichersky E. Characterization of
phenylpropene O-methyltransferases from sweet basil:
facile change of substrate specificity and convergent
evolution within a plant O-methyltransferase family. Plant
Cell. 2002; 14: 505-519.

Hamberger B, Hahlbrock k. The Coumarate CoA ligase
gene family in Arabidopsis thaliana comprises one rare,
sinapate activating and three commonly occurring
isoenzymes. PNAS. 2003;101:2209-2214.

lijima Y, Rikanati RD, Fridman E, Gang DR, Bar E,
Lewinsohn E, Pichersky E. The biochemical and
molecular basis for the divergent in the biosynthesis of
terpenes and phenylpropenes in the peltate gland of three
cultivars of basil. Plant Physiol. 2004;136:3724-3736.
Inoue K, Sewalt VVJH, Ballance GM, Sturzer WNi, Dixon
RA. Developmental expression and substarate specificities

n

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

Tabhsili et al.

of alfalfa caffeic acid acid 3-O-methyltransferase and
caffeoyl coenzyme A 3-O-methyltransferase in relation to
lignification, Plant Physiol. 1998;117:761-770.
Javanmardi J, Khalighi A, Khashi A, Bais HP, Vivanco
JM. Chemical characterization of Basil (Ocimum
basilicum L.) found in local accessions and used in
traditional medicines in Iran. J. Agric. Food Chem.
2002;50:5878-5883.

Koopmann E, Longemann E, Hahlbrock K. Regulation
and Functional of Expression Cinnamate 4-Hydroxylase
from Parsley. Plant Physiol. 1999; 199: 49-55.

Labra M, Miele M, Ledda B, Grassi F, Mazzei M, Sala F.
Morphological characterization, essential oil composition
and DNA genotyping of Ocimum basilicum L. cultivars,
Plant Sci. 2004;167:725-731.

Lawrence BM. Chemical components of labiate oils and
their exploitation. In Advances in Labiate Science, R.M.
Harley and T. Reynolds, eds (Kew, UK: Royal Botanical
Gardens) 1992.

Lee SJ, Umano K, Shibamoto T, Lee KG. Identification of
volatile components in Basil ( Ocimum basilicum L.) and
thyme leaves (Thymus vulgaris L.) and their antioxidant
properties. Food Chem. 2005;91:131-137.

Lewinsohn E, Ziv-Raz |, Dudai N, Tadmor Y, Lastochkin
E, Larkov O, Chaimovitsh D, Ravid U, Putievsky E,
Pichersky E, Shoham Y. Biosynthesis of estragole and
methyl- eugenol in sweet Basil (Ocimum basilicum L.)
Developmental and chemotypic association of allylphenol
O-methyltransferase activities. Plant Sci. 2002; 160:27-35.
Lu S, Zhou Y, Li L, Chiang L. Distinct Roles of
Cinnamate 4-Hydroxylase Genes in Populus. Plant cell
Physiol. 2006;10:10-93.

Meek CR, Bidlack JE. Arthropod population, phenylalanin
amonia- lyase activity and fresh weight of Sweet Basil
(cimum basilicum 1.) as affected by plant age and Bacillus
thuringiensis treatment. Proc. Okla. Acad. Sci. 2002;85:9-
17.

Naghdi Badi H, Yazdani D, Mohammad Ali S, Nazari F.
Effects of spacing and harvesting time on herbage yield
and quality/quantity of oil in thyme, Thymus vulgaris L..
Ind. Crop. Prod. 2004;19:231-236.

Politeo O, Jukic M, Milos M. Chemical composition and
antioxidant capacity of free volatile aglycones from basil
(Ocimum basilicum L.) compared with its essential oil.
Food Chem. 2008;101:379-385.

Ragg H, Kuhn DN, Hahlbrock K. Coordinated regulation
of 4- Coumarate CoA ligase and Phenylalanine ammonia
lyase mMRNA in cultured plant cells. Biol. Chem. 1981, 10:
10061-10065.

Rai V, Vajpayee P, Singh SN, Mehrotra S. Effect of
chromium accumulation on photosyntetic pigments,
oxidative stress defense system, nitrat reduction, prolin
level and eugenol content of Ocimum tenuiflorum. Plant
Sci. 2004;167:1159-1169.

Reddy MSS, Chen F, Shadle G, Jackson L, Aljoe H, Dixon
RA. Targeted down-regulation of cytochrome P450
enzymes for forage quality improvement in alfalfa
(Medicago sativa L.). Plant Physiol. 2005;11:325-331.
Reichhart DW, Drust F, Zimmerlin A, Pierrel MA, Schalk
M, Batard Y. Regulation of the Cinnamate 4- hydroxylase
in Jersalem artichoke tubers in response to wounding and
chemical treatments. Plant Physiol. 1997; 113:951-959.
Rodrigo 1, Coneje V, Bells JM, Gersa Mp, Fayos JN.
Induction of cinnamate 4-hydroxylase and
phenylpropanoids in virus-infected cucumber and melon
plants. Plant Sci. 2008;174:524-533.


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bozin%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Mimica-Dukic%20N%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Simin%20N%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Anackov%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'J%20Agric%20Food%20Chem.');
javascript:AL_get(this,%20'jour',%20'J%20Agric%20Food%20Chem.');

Jo

36

37

38

39

40.

41

42

43

44

urnal of Medicinal Plants and By-products (2012) 1: 23-34

. Sajjadi SE. Analysis of the essential oils of two cultivated
Basil (Ocimum basilicum L.) from Iran. Daru 2006;14:1-
3.

. Sangwan NS, Faroogi AHA, Shabih F, Sangwan RS.
Regulation of essential oil production in plants. Plant
Growth Regul. 2001;34:3-21.

. Shukla R, Prasad V. Population fluctuations of the oriental
fruit fly, Dacus dorsalis Hendel, in relation to hosts and
abiotic factors. Trop. Pest Manag. 1995;31:273-275.

. Simon JE, Morales MR, Phippen WB, Vieira RF, Hao Z.

Basil: a source of aroma compounds and a popular

culinary and ornamental herb. Perspectives on new

crops and new uses. 1999;16:499-505.

Singh K, Kumar S, Rati A, Gulati A, Ahuja PA.
Phenylalanine ammonia lyase (PAL) and Cinnamate 4-
hydroxylase (C4H) and catechin accumulation in tea.
Funct. Integr. Genom. 2008;8:92-99.

. Telci I, Bayram E, Yilmaz G, Avc B. Variability in
essential oil composition of Turkish basils (Ocimum
basilicum L.). Biochem. Syst. Ecol. 2006; 34: 489-497.

. Vieira R, and Simon JE. Chemical characterization of basil
(Ocimum spp.) found in markets and used in traditional
medicine in Brazil. Economic Botany. 2000; 54:207-
216.

. Wang J, Pichersky E. Characterization of s-adenosyl-I-
methionine: (Iso) eugenol o-methyltransferase involved
in floral scent by ozone in two cell lines from grape
(Vitis vinifera L.) leaf. Plant Sci. 1997;165:951-957.

. Ziaei M, Sharifi M, Behmanesh M, Razavi K. Gene
expression and activity of phenyl alanine amonialyase
and essential oil composition of Ocimum basilicum L. at
different growth stages. 1JB. 2012;10:32-40.





