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Detection and the occurrence of Prunus necrotic ringspot virus (PNRSV) and Tomato ring spot virus

in Mazandaran and Alburz provinces
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Abstract:

During the growing seasons of the years 2011 ta22@lsurvey was conducted through the
greenhouses and pankéere roses were planté Mazandaran and Alburz provincesdetermine
the distribution and occurrence of PNRSV and ToRA&Yotal numbers of 311 symptomatic leaf samples
were collected fromrose plants. Using with the pldgal antisera (Agdia, U.S.A; Bioreba, Switzerland
and DAS-ELISA, samples were tested for the virdedtions. Result showed that roses in surveyed
regionsof Alburz and Mazandaran provinces werectef® to both PNRSV andToRSV at the ratio of
31%and 45% (PNRSV)and 26% and 33%(ToRSV) respégtivefected samples were mechanically
inoculated on herbaceous propagative and indigaéots using with the potassium phosphate buffer (p
7.1) containing 0.1% DiethyldithioCarbamate as itii@bitor.Presences of viral infections in inocelat
herbaceous plants as well as the roses were cadfitny RT-PCR and specific primers. Considering
different indicator plant responses to inoculatiith different viral isolates and also distinct céan of
each tested viruses with the specific primers inRHTR test, genetic variations among the preseltdtes

is confirmed. It is also proved that, wherever sogkanted close to the stone fruits, TORSV and PNRI®
highly occurred.
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Functional Characterization of RAPAR involved in biosynthesis of 2-Phenylethanol (2PE) in
Damask rose
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Abstract:

The damask rosérfsa damascena Mill.) is the most important species used to praduzse water, attar of rose,

and essential oils in the perfume and medicinalsiry. However, despite the importance of Damask szent,

the molecular and biochemical investigations ofvilo fragrance of this species are still in its @ignstage. To

further substantiate rose-PAR'’s involvement in bi@synthesis of 2PE, expression of rose-PAR trapiscand

PAR enzymatic activity pattern in petals of twotitist genotypes (G1 and G2) of Damask rose atIsralf

developmental stages was investigated. In the pefaDamask rose the relative transcript levelsose-PAR

were higher at stages 3 and 4 in G1 and G2, ragphctin this study, enzymatic activity leading toe

synthesis of phenyl ethyl alcohol from the phengétaldehyde (PAld) moderately increased during élow

development up to stage 5 in G1. However, highllefd®AR enzymatic activity was observed in stagef3

G2.These results indicated that the pattern agtivitphenyl acetaldehyde reductase was differerthéntwo

used genotypes of Damask rose.

Key Words: Rosa damascena, floral scent, 2-Phenylethanol (2PE), Metabolitefiting.

Introduction

2-Phenylethanol (2PE) is one of the prominent scempounds produced by Damask roses and in various
fruits such as strawberry, tomato and grape vasetbakakt al., 2007). It is widely applied in the cosmetics,
perfumery, and food industries (Karastial., 2012). The main use of 2-PE in the world markedssa flavor
ingredient to modify certain flavor compositionsh@ et al., 2011). The worldwide volume of use for
phenethyl alcohol is in the region of >1000 metdas per yearChen et al., 2011). 2-PE is also used as a
substrate for the synthesis of other flavors orpla@eutical compounds such as phenyl ethyl acetits. 2PE

is biosynthesized from I-phenylalanine (I-Phe) wityridoxal-5'-phosphate (PLP)-dependent aromaticnam
acid decarboxylases (AADC) and phenyl acetaldehigdectases (PAR) in planta (Sakhial., 2007, Cheret

al., 2011).

Materials and methods

Plant Materials

Flowers of two distinct genotypes of Irani®ssa damascena Mill. (G1 (strongly scented) and G2 (weakly
scented)) were harvested from plants grown in BstaliResearch Center in six stages of flower devetop as
described by Piconet al., (2004).

RNA Extraction and cDNA Synthesis

Rose petals from each stage were immediately detdaahd frozen in liquid nitrogen and frozen in B4High-
quality total RNA was successfully isolated fromD1dg of petal tissue using RNeasy Plant Mini kita@gn,
Valencia, CA, USA), according to the manufactugtocol. The purified total RNA was quantified Ngno-
Drop ND 1000 Spectrophotometer (Wilmington, USA)Nd&e treatment was carried out using Fermentas
(Fermentas, Hanover, MD) DNase Kit according to nenufacturer’s instructions. DNase-treated RNA was
used for first strand cDNA synthesis.

Real-time PCR

Real-time PCR was performed on RNA obtained froneg¢hindependent experiments. All samples included
equal quantities of RNA. Total RNA was extractechgsRNeasy Plant Mini kit (Qiagen, Valencia, CA, A)S
The purified total RNA was quantified with NanoDrégD 1000 Spectrophotometer (Wilmington, USA).
DNase treatment was carried out using the Fermédivese Kit (Fermentas, Hanover, MD) according ® th
manufacturer’s instructions. Primer design wasiedrout using Allele ID 7 software for the referergene and
gene of interest (rose phenyl acetaldehyde redei@®#sl) (AB426519.2) Gene). The Rose Elongation factor a
(Ef o) gene (AB370119.1) was used as the reference fgemata normalization. Relative Real-time PCR was
performed in a total volume of 20 ml containing fLofi cDNA, 1xSyber Green buffer and 4 pmol of each
primer. All amplification reactions were repeatédee times under identical conditions and includetkgative
control and five standard samples.

Enzyme and Protein Analyses

Enzyme Assay

Toy
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Activities of rose-PAR were assayed at<8 by measuring the decrease in absorbance of NAB{P340nm
(Larroy et al., 2002; Cheret al., 2011). The reaction mixture (200pL) (100mM potassiphosphate (pH 7.0),
rose- PAR solution, 10mM PAId, and 2.5mM NADPH) wasubated at 3C for 10 min. The reaction was
centrifuged at 3000xg for 5 min. The relative &tt¢ of the rose-PAR with selected substrates were
determined by measuring the decrease in absorlzdid¢ADPH at 340 nm using 10 mM of substrate. Oni¢ un
of enzyme activity was defined as the oxidatioripfmol NADPHmIin" at 30C. Specific activity described as
enzyme activity divided by total protein contentdavas shown as unit of activity per gram of pratein

Total Protein Assay

Total protein content was determined by Bradfordhoé using bovine serum albumin (BSA) as standard
(Bradford, 1976)A595 was determined using a spectrophotometer.

Statistical Analysis

All of data were analyzed as a completely randothidesign with three replications. Data were exmesss
means = standard deviation (SD). The statistigali§cance of differences between treatments weterchined

by analysis of variance (ANOVA) and then testing thfferences between means was by Duncan's new
multiple range test and SPSS software version p& & 05.

Results

Expression of rose-PAR transcriptsin petals of Damask rose at six floral developmental stages

To further substantiate rose-PAR’s involvementhia biosynthesis of 2PE, expression of rose-PARstrdpts

in petals of two distinct genotypes (G1 and G2)Dafmask rose at six floral developmental stages were
investigated by real time RT-PCR (Fig. 1). In thetgbs of Damask rose the relative transcript lewélsose-
PAR were higher at stage 3 and 4 in G1 and G2 gpast respectively. As shown in Fig. 1, relativeression
level of rose-PAR gene has been increased durages? and 4 (full bloom) stages compared to eaalgesof
flower development (bud stage) and during senescedomparison of expression level of rose-PAR iaigid
that in the flowers of G1, the expressions of rBgdR were about 2.67 fold more than G2. Althoughregsion

of the gene was observed throughout floral devetopnrose-PAR mRNA levels decreased during senescen
This highest expression in flowers was consistdtti 2-phenylethanol emissions, which were highesager
gram tissue basis from Damask rose flowers.

Enzyme Assay

To test for changes in phenyl acetaldehyde rededf@8R) enzymatic activities in two distinct genmg of
Damask rose petals during flower development, fcedl- extracts of petals of the six flowering stagese
prepared and tested for potential enzymatic redectativity with its substrates. Enzymatic activagding to
the synthesis of phenyl ethyl alcohol from the plheacetaldehyde moderately increased during flower
development up to stage 5 in G1. However, highllef® AR enzymatic activity was seen in stage &af As
shown in Fig. 2 the pattern activity of phenyl até¢éhyde reductase was different in two distinctaggpes of
Damask rose. For G1, PAR activities were low inlyeatage of flower development and then gradually
increased reaching its highest value at full blostage. However, in G2 enzyme activity remained ovith
significant changes after stage 3.

Total Protein Assay

Total protein content was determined by Bradfordhoeé using bovine serum albumin (BSA) as standard.
A595 was determined using a spectrophotometer.e$ofor changes in total protein content in twdaidcd
genotypes of Damask rose petals during flower agreént, cell-free extracts of petals of the sixvidoing
stages were prepared and tested for total protsaya As shown in Fig. 3 the pattern of total grotontent
was not different in two distinct genotypes of dakeose. In both of genotypes, the total proteinteot was
low in early stage of flower development then gadjuincreased reaching its highest value at fldbm stage.
Although total protein level of Damask rose hasrnb@ereased during flower development up to stagewas
gradually decreasing during senescence in bothtgees
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Fig. 1. Relative expression level of rose-PAR dgriitower developmental stages (S) from two distinct
genotypes (G1 and G2) Bbsa damascena. Error bars are standard deviation of the mean.

Discussion

To further substantiate rose-PAR’s involvementhia biosynthesis of 2PE, expression of rose-PARstrdpts

in petals of two distinct genotypes (G1 and G2)Dafmask rose at six floral developmental stages were
investigated by real time RT-PCR. In the petal®amask rose the relative transcript levels of fles&R were
higher at stage 3 and 4 in G1 and G2 respectivdbpo, the expression pattern of rose-PAR analyzedehl-
time RT-PCR indicated a significant difference beg¢w two genotypes during flower developmental stage
The GC-MS validated functional analysis of botherAR and recombinant PAR confirmed that the PARs
catalyze the conversion of PAId to 2PE (Chetral., 2011). In this study, enzymatic activity leadirgthe
synthesis of phenyl ethyl alcohol from the phengétaldehyde (PAld) moderately increased during élow
development up to stage 5 in G1. However, highll@fePAR enzymatic activity was seen in stage 3 of
G2.These results indicated that the pattern agtioft phenyl acetaldehyde reductase was differentwio
distinct genotypes of Damask rose. For G1, PARvidiets were low in early stage of flower developrtren
gradually increased reaching its highest valueutitbloom stage. However, in G2 enzyme activity aémed
without significant changes after stage 3. In thibrid tea roses, petals were the major scent pinduwrgans

in the flower (Bergougnougt al. 2007; Dudareva and Pichersky, 2004)RIrdamascena, in this study it was
shown that petal odors are dominated by monoterp@hols and 2-phenylethanol, which are knowndhse
attractants (Shaliet al., 2004). Volatile emissions in scented (G1) and klyeacented (G2) genotypes of
Damask rose were investigated in present experinieig interesting to note that weakly scented ajgpe
generally had a lowest amount of 2-phenylethapictl of heavily scented roses. This lack of séemhodern
hybrids is not restricted to roses but has alsa l#¥served in other flowers such as carnation {Céeral.,
1999). The major volatile of th&®damascena floral headspace, 2-phenylethanol (2-PE), exhilitghmic
emission with a peak during the light period whadturs at 24-h intervals. This rhythmic emissiorsvaso
observed under conditions of continuous light akdass, suggesting regulation by the endogenouadian
clock (Piconest al., 2004). In our study the inhibition of 2-phenylatba(2-PE) accumulation and emission in
early and late stage of flower development is ppbodetermined by the level of its substrate urligit. 2-PE
emission fromR. damascena flowers is regulated by the endogenous circadiaillar but that the level of
extracted 2-PE changes only slightly during the. dehey also found that the increased level of edi®-PE
coincides with a decrease in the level of glycasgle®-PE (2- PEG) and therefore suggested that@-&fEs as

a source for the circadian-emitted 2-PE (Picehal. 2004). The diurnal accumulation and emission of 2-
phenylethanol coincides with the expression ofbigsynthetic gend®AR and, therefore, is expected to be
regulated at the level of gene transcription.
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Fig. 2. Comparison of phenyl acetaldehyde reductase (PARYyme activity during flower developmental
stages (S) from two distinct genotypes (G1 and @ Rosa damascena. Error bars are standard deviation of the

mean.
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Fig. 3.Comparison of total protein during flower developra stages (S) from two distinct genotypes (G1 and
G2) of Rosa damascena. Error bars are standard deviation of the mean.
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