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ABSTRACT

Although roses are not classified as highly sevsitd ethylene, their response to ethylene vahethis study, we
examined the effect of exogenous ethylene on apppreperties of cut Rose (Rosa hybrida) cv. Coatawith

low vase life through quantifying the ethylene poe gene, RhETR3. The cut flowers were treatet &t ppm
ethylene concentration and the expression of atleyieceptor gene was measured before ethylenertesdt 24 h,
48 h and 72 h after ethylene treatment via reaktiRT-PCR. We found that the level of relative esgiom ethylene
receptor gene, RhETR3 had significant increase wittylene treatment during senescence and ethylansed
accelerated of senescence symptoms such as pdtaf fand bent neck. Moreover, the relative expoassif

RhETRS3 remained in low level in controls becausésafegative regulatory function.
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INTRODUCTION

Roses are the most important cut flowers in thevdloindustry [13]. Apparent quality and vase liferoses are
influenced by many factors. One of these factothaéspresence of ethylene in the atmosphere df@uérs during
transport and handling, which affect the qualitycot roses [24]. Ethylene is involved in many aspexf plant
growth and development such as germination, floarsd leaf senescence and abscission. Also, ethyetiee
primary promoter in senescence and abscissiomiEl fbrgans in a wide range of flowering plants][23

Roses are classified as sensitive to ethylene [2#]the role of external ethylene in flowers framwcelerated or
inhibited of opening flower or senescence depemd®se variety [14,17]. To perceive the ethylenglayt tissues,
this gaseous molecule binds to receptor proteinglant cells and activates the transcription amehdiation of
downstream genes [7, 23]. The activation of gesessulted in a set of reactions that eventualgdeto senescence
and the death of cell and orgaj3]. Study on ethylene receptor genesRaosa hybridahas been understood
through the studies on the gene conferfigR1in Arabidopsis [2, 5]. Some ethylene receptor gehave been
identified in Rosa hybridaincluding RhETR]1 RhETR2, RhETR3, RhETR#&d RhETR5[16, 19] Based on the
molecular studies for ethylene resistance, ethyteaeptor genes in roses suchRiEETR] RhETR3andRhETR5
caused differences in display quality and vase kfa example, in rose cultivars such as Bronze\émlla, which
have different vase life, the expressions of threseptors are different [15, 19]. Therefore, wedtgpsized that the
expression oRhETR3is more affected by ethylene in rose flowers. @a of this study was to understand the
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changes in the expression RhETR3during senescence in response to exogenous ethgiehto understand the
relationship between onset of senescence andveskatpression of ethylene receptor geRieETR3

MATERIALSAND METHODS

Plant materials

Rosa hybridecultivars '‘Cool Water' were harvested at stageonpletely open bud) [11] from a local commercial
green house (Bijar, Iran). We chose this cultivacduse of its short vase life (approximately 6 d@yt flowers
were immediately put in tap water after harvest wadsported to the laboratory within 1 h. cut feow were placed
in deioniezed water (DW) for 1 h to be dehydratetble treatment with ethylene. Then they were c#% cm and
were placed in DW. During the experiment, flowemsrevkept in DW and at controlled conditions ,23-@5with
30-40% relative humidity, and a 12 h light:12 hidphotoperiod provided by fluorescent lights (80qimi? s™)
[19].

Exogenous ethylene treatment

Based on previous work by Met al, (2006) [12], 10 ppm ethylene was used in ordeevaluate its effects on
expression of ethylene receptor geRhETR3J. The flowers were sealed in plastic chambers aitgiot of pure
ethylene gas were injected by syringe in to thent¥ers to achieve treatment concentration. Conkoaldrs were
placed in the chambers under the same conditiotfsouti ethylene injection. After 24 h exposure thy&ne,
chambers were opened and ventilation occurredl Pataples were collected before and in 24 h, 48ch72 h after
being treated with ethylene and were frozen imntetfian liquid nitrogen and then stored at -80°Giluextraction
of RNA were performed.

RNA extraction

Total RNA from petals was extracted using CTAB yt&imethylammonium bromide)-based methods desdriby
Chang [3] with little modification. Briefly, 0.1gfogrounded tissues was homogenized after the addaf 13-
marcaptoethanol to 1 ml of preheated extractiofelo800mMTris-HCL, pH=8, 25mMethylenediaminetesreetic
acid (EDTA), pH=8.0, 2MNaCl, 2% (w/v)soluble PVPg8ia, 40,000 MW) and 2%(w/v) CTAB (Sigma)).The
nucleic acids were precipitated after addition bfoooform: isoamyl alcohol (24:1) with 3M sodium edate
(NaOAc) at pH=5.2. Addition of 8MLICl over night dt°C resulted in selective precipitation of taRMA. Then,
the pellets of RNA were centrifuged and washed Wikt ethanol and the extracted RNA was stored GiCigr
further studies.

Quantification and Quality Control

The extracted nucleic acids were quantified at Wengths of 230 nm, 260 nm, and 280 nm (A260/A23@ an
A260/A280 ratios) with Nano Drop instrument. Theeigrity of total RNA was verified by running samplen 1.2%
agarose gel containing ethidium bromide (EtBr)[1].

cDNA Synthesis and gRT-PCR

To synthesize cDNA, the 5 ug of extracted total Rivdated with DNase | (Fermentas) were used asnpléte
using Oligo (dT)g primer (1 pg/ul, vivantis) for 5 min at70°C.Aftbeing cold, the reaction mixture was incubated
with M-MuLV Reverse Transcriptase (100 u/ul, viviahtfor 60 min at 42°C. Heating the mixture at 7GaC 10
min resulted in inactivation enzymes.

Table 1: Gene-specific primer pairsused for real-time RT-PCR

gene Accession number  Primer pairs Sequences (8')

Rh ETR3 AF154119 Forward primer GGGCCAGATTCAATACTCGT
Reverse primer ATCTCAAGTTCCTGGCTGCT

RhZactin AB239794 Forward primer CCACAGCTGAGCGAGAAATA
Reverse primer  GTACTTCTGGGCAACGGAAT

Real Time RT-PCR assays were performed using therR&ene 3000 real time thermal cycler (CorbetielLif
Science Co.) using RealQ-PCR2xMaster Mix kit (Aropti, Denmark) according to the recommendationshef t
manufacturer. Reaction mixtures (25ul) contained1P2x SYBR-Green reaction mixed with 0.8ul eatlyene-
specific forward and reverse primer designed witte®ar and Oligo programs (Table 1), 3ul cDNA arfjl
DEPC HO. The thermal profile used consisted of 15 mi@=€, then followed by 40 cycles of 96 for 25s, 57TC
forlmin and 7ZC for 30 s and completed with a melting curve asialprogram. An endogeno&hR3-actinwas
used as an internal standard. Relative expressiaisl were calculated using the delta thresholdeQyet) methods
and using 2%°7[10].
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Statistical analyses and bioinformatics

Randomized completely blocks designs with two irhejent biological replications and two technicallications
were used. Analysis of variance of the data froth“2 method was performed using MSTAT-C software andmae
were compared by the least significant differerc®lY) test at the 0.05 and 0.01 probability levels.

RESULTSAND DISCUSSION

Statistical analysis of data from quantitative RBahe PCR showed that relative expression RHETR3
significantly increased with ethylene treatmenk (0.01) .The relative expression of ethylene remeptene,
RhETR3 during senescence was also significart .05) compared to controls (data not shown). Eighowed
that in control flowers the relative expressiongehe,RhETR3decreased with time and then remained at a low
level. Our results were inconsistence with theifigd of Hua and Meyerowitz [6] who used Arabidop3igmanet

al. [20] who used tomatoes and Shibwyaal [18] who used carnation. They found that ethylsseeptors function

as negative regulators of ethylene responses isigimal transduction pathways. This means thaettsea negative
correlation between receptor level and sensititityethylene. Therefore, more ethylene is neededetactivate
levels of receptors [4].

Relative expression dRhETR3increased significantlyo&0.05) during senescence and 72 h after treatméht w
ethylene. In Arabidopsis relative expressiorE®2 ERSlandERS2genes increased with exogenous ethylene [7].
Also in tomatoes, a significant change in expressibreceptors in response to ethylene was obsemddiesired
genes expression increased [8]. In miniature patbeds, ethylene receptors expressed significémytlgxogenous
ethylene [16] that was in consistence with the ltesaf this research. Study of the apparent featofeCool Water
showed that in untreated flowers, onset of senegceaincide with symptoms such as fading and beck,nwvhich
accurse 6 days after harvest. In flowers treatati ethylene, senescence symptoms were observéddrihday.
Investigation of relative expression of ethyleneergor gene and onset of senescence symptoms er{zrdbe
correlation between them. Along with the onset @fescence in treated flowers, relative expressfoethylene
receptor geneRhETR3increased in 72 h after ethylene treatment (EjgThis was in consistence with the theory
that ethylene would lead to appearance of senescmptoms in the varieties which are sensitivethylene [9,
18, 21].
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Figure 1: Relative expression level of ethylenereceptor gene, RNETRS3, before and during 24h, 48h and 72 h after ethylene treatment and
in untreated flowers (controls). Barsare standard error of the means.

CONCLUSION

In conclusion, inRRosa hybridacv. '‘Cool Water' with short vase life, low levdlrelative expression dRhTER3n
controls indicated more sensitively to ethylenedwuse of the negative regulatory function of ethgleaceptors,
ETRs The level of relative expression ethylene recegame RhTER3gradually increased in cv. Cool Water due to
the effect of exogenous ethylene on acceleratedeabscence symptoms such as petal fading and bekt n
Therefore low level of ethylene receptor in 'Coobtét' control flower indicates that this cultivar sensitive to
ethylene, but to make a decision for commerciappses based on the results of this study, we reedaluate the
ethylene production.
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