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Abstract

Ethylene plays an important role in wide-ranging
aspects of plant growth and development, including
fruit ripening, leaf and flower senescence. In this study,
the expression patterns of two genes involved in the
ethylene signal transduction pathway (RhCTR1 and
RhCTR2) were investigated during the flower opening
stages in two Rosa hybrida cultivars, Black magic’ and
‘Maroussia’, which are characterized by short and long
vase lives, respectively. RhCTR1 expression
increased significantly during flower opening in both
cultivars, but its expression level in cv. Maroussia was
significantly higher than that in cv. Black magic. No
variation in gene expression was detected for RhCTR2
in both cultivars. Therefore, this study showed that the
vase life of the two cultivars correlated with the expres-
sion of RhCTR1, but not with that of RhCTR2, the
behavior of which is typical of a constitutive gene.
Keywords: Cut rose (Rosa hybrida); Ethylene sensi-
tivity; Gene expression; RhCTR1 and RhCTR2

Rose is one of the most important cut-flowers in orna-
mental plants. For the purpose of commercial produc-
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tion, cut roses are usually harvested at a specific bud
stage. Depending on the cultivar and the handling con-
ditions, the flowers often do not open (Tan et al.,
2006). The gaseous hormone ethylene plays an impor-
tant role in diverse aspects of plant growth and devel-
opment, ranging from seed germination (Abeles et al.,
1992) to senescence and abscission of flowers, fruits
and leaves (Giovannoni, 2001; Johnson and Ecker
1998). Also, in ornamental plants, ethylene influences
flower opening (Reid et al., 1989), petal senescence
(Nukui et al., 2004; Shibuya et al., 2000) and abscis-
sion (Kuroda et al., 2003). Current evidence indicates
that ethylene is sensed by a small family of receptors,
the Ethylene Responsive Elements (ETRs), which are
able to form a complex with a kinase, namely CTRI.
In the absence of ethylene, this complex actively
represses the ethylene response pathways. The recep-
tor/CTRI1 complex appears to operate by negatively
regulating EIN2 which is thought to activate response
pathways through the EIN3 family of transcriptional
regulators (Bleeker, 2001). The loss-of-function CTR!
mutants result in a constitutive ethylene-response phe-
notype, indicating that CTR! negatively regulates the
ethylene response pathway (Chang and Stadler, 2001;
Kieber et al., 1993). Therefore, CTR1 is a key gene in
the ethylene signal transduction pathway. In tomato,
unlike Arabidopsis thaliana, which only contains one
constitutively expressed AtCTRI gene, a family of four
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CTRI-like genes (LeCTRI-LeCTR4) has been identi-
fied (Lin et al., 1998), and expression analysis has
revealed that the expression of LeCTR/! increases dur-
ing fruit ripening and flower senescence (Leclercq et
al., 2002; Zegzouti et al., 1999), whereas LeCTR? is
expressed constitutively (Alexander and Grierson,
2002). A homologue of CTRI has been cloned and
characterized in Cucurbita pepo, and during flower
development, Cup-CTRI is up-regulated in male flow-
ers but not in female flowers (Manzano et al., 2008).

The induction of petal senescence or abscission by
ethylene or pollination is associated with transcription-
al regulation of the ACS and ACO (Fernandez-Otero et
al., 2006; Jones, 2003) and ethylene receptor genes
(such as DC-ERSI, DC-ERS2 and DC-ETRI in
Dianthus caryophyllus L. and DI-ERSI type-1 and D!-
ERSI type-2 in Delphinium) (Kuroda et al., 2003;
Shibuya et al., 2002). Besides, this induction is also
accompanied with an increase in the CTR genes of
some ornamental plant species (Kuroda et al., 2004;
Miiller et al., 2002). Flower opening and senescence in
roses is sensitive to ethylene, although the degree of
this sensitivity varies in different cultivars (Miiller et
al., 2001; Reid et al., 1989). In miniature potted roses,
this difference could be due to the different expression
levels of receptor genes rather than the ethylene
biosynthetic genes (Miiller et al., 2000 a,b). The aim of
this study was to evaluate the expression pattern of two
critical genes (RACTRI and RhCTR?2) in the ethylene
signal transduction pathway for a better understanding
of the principles of gene regulation during rose flower
senescence.

Rosa hybrida cv. Maroussia (long vase life) and cv.
Black magic (short vase life) were grown in a hydro-
ponic greenhouse. Petal samples were collected at 2
stages of rose flower opening (stage 2: partially
opened bud; stage 8: fully-opened flower), as
described by Wang et al. (2004). Petal samples were
immediately detached and frozen in liquid nitrogen
and stored at -80°C for eventual total RNA isolation.
Rose petals from each stage (Fig. 1) were grounded by
means of the high-speed mixer mill (MM301, Retsch,
Haan, Germany). High-quality total RNA was success-

Table 1. Primer sequences of CTR1, CTR2 and 18S rRNA.

fully isolated from 100 pg of petal tissue using the
RNeasy Plant Mini Kit (Qiagen, Valencia, CA, USA),
according to the manufacturer’s protocol. Total RNA
was quantified by spectrophotometric analysis using a
Biophotometer (Eppendorf, Germany).

First-strand cDNA was synthesized from 5 pg of
total RNA using the ProtoScript® First Strand cDNA
Synthesis Kit (New England Biolabs, UK) following
the manufacturer’s instructions. cDNA was quantified
using the Biophotometer.

Real-time PCR was carried out by the Applied
Biosystems 7500 Fast Real-Time PCR system using the
DYNAmo HS SYBR Green qPCR kit (Finnzymes,
Finland), in accordance with the recommendations of
the manufacturer. Reaction mixtures (30 pl) contained
15 ul of 2 x SYBR-Green mixed with 0.5 ul of Rox
solution, 1 pl each of 10 uM forward and 10 uM rever-
se primers, 5 pl of cDNA and 7.5 ul of distilled water.
Primers’ sequences, as reported by Miiller et al. (2000
a,b), are presented in Table 1. The thermal profile used
consisted of 2 min at 50°C, 10 min at 95°C and 40
repeats of denaturation at 95°C for 15 s and annealing-
extension-fluorescence data acquisition at 60°C for 1
min. In a 96-well plate, each reaction was performed in
triplicate. An endogenous 18S rRNA was used as an
internal standard. Relative expression levels were cal-
culated using the delta (A) threshold cycle (Ct) method
(Applied Biosystems). Data from quantitative PCR
were subjected to ANOVA using Statistica8.0 package
(StatSoft Inc., Tulsa, OK, USA). A randomized com-
plete block design with three independent biological
replications was used. 40- delta ACt was taken as an
dependent variable. Means were separated using the
least significant difference test (LSD) at the 0.01 level
of probability.

A significant increase (P<0.01) was observed for
the expression level of RACTRI between the two
flower opening stages, in both rose cultivars (Fig. 1
and Table 2). Analogous results were observed in
tomato during fruit ripening and flower senescence
(Leclercq et al., 2002; Zegzouti et al., 1999), and in the
miniature potted roses (Miiller et al., 2002) and two
cut rose cultivars (Tan er al., 2006) during flower

Gene Forward primer Reverse primer
CTR1 5'- GAT GGC GCC AGAAGT CC-3' 5'- GCC CAG CAA GCC TCAAT-3
CTR2 5'- GTC GCG CTT GAAACATAACA-3' 5'- AAC AGG GGG ATCAAC TTC TTT-3'

18S rRNA 5'- CGG GGA GGT AGT GAC AAT AAA TAA CA-3'

5'- CCA CCA CCC ATA GAATCAAGAAAG AG-3'
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Figure 1. Expression level of RhCTR genes in two cut roses cv.
Black magic and cv. Maroussia between two stages of flower open-
ing. The vertical bar is the least significant difference (LSD; P<0.01),
for measuring significant difference between cultivars.

senescence. The expression level of RACTRI was
higher in cv. Maroussia when compared to that in cv.
Black magic, but the increase in expression of this
gene, through stages 2 and 8, was greater in cv. Black
magic in comparison to cv. Maroussia (Fig. 1 and
Table 2). This suggests that the vase life might be
reduced by increasing the level of expression of
RACTRI during the different flower opening stages
inspite of its expression level. Further studies will be
needed to confirm this hypothesis.

Results also suggest that cv. Maroussia may not be
sensitive to ethylene according to previous experi-
ments (unpublished data), since the standard model for
the ethylene signal transduction pathway confirms that
a high level of CTR expression should result in
decreased ethylene sensitivity (Tan et al., 2006). These
findings are consistent with other studies in
Arabidopsis thaliana (Hua and Meyerowitz, 1998 a),
tomato (Tieman et al., 2000), and carnation (Shibuya
et al., 2002), supporting the role of ethylene receptors
in the negative regulation model (Chen et al., 2005;
Hua et al., 1998 b).

The comparison of the expression level of RACTR2
between the two cultivars revealed no significant dif-
ference, as shown in Figure 1 and Table 2. No signifi-
cant difference was also found for RACTR2 expression
between the two stages of the flower opening stages.
Furthermore, results showed that expression levels of
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Table 2. Regression slope and percentage variation of RhCTR gene
expression between two stages of flower opening in two cut roses
cv. Black magic and cv. Maroussia.

Gene Cultivar Slope Percentage P-value

Black magic 4.8 17.3% P<0.01

RACTR1 Maroussia 2.0 5.7% P<0.05
RhCTR2 Black magic -0.4 -1.3% ns
Maroussia -0.2 -0.4% ns

RhCTR2 were lower than that of RACTRI. Therefore,
it can be hypothesized that the behavior of this gene is
similar to that of a constitutive gene as previously
observed in other studies on two cut rose cultivars (Tan
et al., 2006) and miniature potted roses (Miiller et al.,
2002).

Acknowledgments

This study was supported by the National Institute of
Genetic Engineering and Biotechnology (NIGEB) grant
No. 314 and a grant from the University of Tehran and
the Ministry of Science, Research and Technology of
Iran. The authors wish to thank Dr. Alessandro
Paparella for admitting us to use the real-time RT-PCR
assays and Prof. Livio Trainotti for supporting us to
clone the ESTs in Padua, Italy.

References

Abeles FB, Morgan PW, Saltveit, Jr ME (1992). Ethylene in plant
biology. 2 ed. Academic Press, New York.

Alexander L, Grierson D (2002). Ethylene biosynthesis and action
in tomato: a model for climacteric fruit ripening. J Exp Bot. 53:
2039-2055.

Bleeker A (2001). Ethylene. Current Biol. 11: 23- R952.

Chang C, Stadler R (2001). Ethylene hormone receptor action in
Arabidopsis. Bioessays 23: 619-627.

Chen YF, Etheridge N, Schaller GE (2005). Ethylene signal tran-
sduction. Ann Bot. 95: 901-915.

Fernandez-Otero C, Matilla AJ, Rasori A, Ramina A, Bonghi C
(2006). Regulation of ethylene biosynthesis in reproductive
organs of damson plum (Prunus domestica L. subsp. Syriaca).
Plant Sci. 171: 74-83.

Giovannoni JJ (2001). Molecular biology of fruit maturation and
ripening. Ann Rev Plant Physiol Plant Mol Biol. 52: 725-749.

Hua J, Meyerowitz EM (1998 a). Ethylene responses are negative-
ly regulated by a receptor gene family in Arabidopsis thaliana.
Cell 94: 261-271.

Hua J, Sakai H, Nourizadeh S, Chen QG, Bleecker AB, Ecker JR,
Meyerowitz EM (1998 b). EIN4 and ERS2 are members of the
putative ethylene receptor gene family in Arabidopsis. Plant
Cell. 10: 1321-1332.

Johnson PR, Ecker JR (1998).The ethylene gas signal transduction


www.SID.ir

Hajizadeh et al.

pathway: A molecular perspective. Ann Rev Genet. 32: 322277-
32254.

Jones ML (2003). Ethylene biosynthetic genes are differentially
regulated by ethylene and ACC in carnation styles. Plant
Growth Regul. 40: 129-138.

Kieber JJ, Rothenburg M, Roman G, Feldmann KA, Ecker JK
(1993). CTR1 a negative regulator of the ethylene response
pathway in Arabidopsis, encodes a member of the Raf family
of protein kinases. Cell 72: 427-441.

Kuroda S, Hakata M, Hirose Y, Shiraishi M, Abe S (2003).
Ethylene production and enhanced transcription of an ethylene
receptor gene, ERSI1, in Delphinium during abscission of
florets. Plant Physiol Biochem. 41: 812-820.

Kuroda S, Hirose Y, Shiraishi M, Davies E, Abe S (2004). Co-
expression of an ethylene receptor gene, ERS1, and ethylene
signaling regulator gene, CTR1, in Delphinium during abscis-
sion of florets. Plant Physiol Biochem. 42: 745-751.

Leclercq J, Adams-Phillips LC, Zegzouti H, Jones B, Latche” A,
Giovannoni JJ, Pech JC, Bouzayen M (2002). LeCTR1, a
tomato CTR1-like gene, demonstrates ethylene signaling abil-
ity in Arabidopsis and novel expression patterns in tomato.
Plant Physiol. 130: 1132-1142.

Lin Z, Hackett R, Payton S, Gerierson D (1998). A tomato
sequence, TCTR2 (accession number AJ005077), encoding an
Arabidopsis CTR1 homologue. Plant Physiol. 117: 1126.

Manzano S, Gémez P, Garrido D, Jamilena M (2008). Cloning and
characterization of a CTR1-like gene in Cucurbita pepo. In:
Pitrat, M. (Ed), Proc. IX EUCARPIA Meeting, Avignon. PP.
575-580.

Miiller R, Lind-iversen S, Stummann BM, Serek M (2000 a).
Expression of genes for ethylene biosynthetic enzymes and an
ethylene receptor in senescing flowers of miniature roses. J
Hort Sci Biotech. 75: 12-18.

Miiller R, Owen CA, Xue ZT, Welander M, Stummann BM (2002).
Characterization of two CTR-like protein kinases in Rosa
hybrida and their expression during flower senescence and in
response to ethylene. J Exp Bot. 53: 1223-1225.

Miiller R, Stummann BM, Serek M (2000 b). Characterization of
an ethylene receptor family with differential expression in rose
(Rosa hybrida L.) flowers. Plant Cell Rep. 19: 1232-1239.

Miiller R, Stummann BM, Sisler EC, Serek M (2001). Cultivar dif-
ferences in regulation of ethylene production in miniature rose
flowers (Rosa hybrida L.). Gartenbauwissenschaf 1: 34-38.

Nukui H, Kudo S, Yamashita A, Satoh S (2004). Repressed ethyl-
ene production in the gynoecium of long-lasting flowers of the
carnation “White Candle”: role of the gynoecium in carnation
flower senescence. J Exp Bot. 55: 641-650.

Reid MS, Evans RY, Dodge LL, Mor Y (1989). Ethylene and sil-
ver thiosulphate influence opening of cut rose flowers. J Am
Soc Hort. 114: 436-440.

Shibuya K, Nagata M, Tanikawa N, Yoshioka T, Hashiba T, Satoh
S (2002). Comparison of mRNA levels of three ethylene recep-
tors in senescing flowers of carnation (Dianthus caryophyllus
L.). J Exp Bot. 53: 399-406.

Shibuya K, Yoshioka T, Hashiba T, Satoh S (2000). Role of the
gynoecium in natural senescence of carnation (Dianthus
caryophyllus L.) flowers. J Exp Bot. 51: 2067-2073.

Tan H, Liu X, Ma N, Xue J, Lu W, Bai J, Gao J (2006). Ethylene-

influenced flower opening and expression of genes encoding
Etrs, Ctrs, and Ein3s in two cut rose cultivars. Postharvest Biol
Technol. 40: 97-105.

Tieman DM, Taylor MG, Ciardi JA, Klee HJ (2000). The tomato
ethylene receptors NR and LeETR4 are negative regulators of
ethylene response and exhibit functional compensation within
a multigene family. PNAS 97: 5663-5668.

Wang D, Fan J, Ranu RS (2004). Cloning and expression of 1-
aminocyclopropane-1-carboxylate synthase cDNA from rosa
(Rosa x hybrida). Plant Cell Rep. 22: 422-429.

Zegzouti H, Jones B, Frasse P, Marty C, Maitre B, Latche A, Pech
JC, Bouzayen M (1999). Ethylene-regulated gene expression
in tomato fruit: characterization of novel ethylene-response
and ripening-related genes isolated by differential-display.
Plant J. 18: 589-600.

233


www.SID.ir

