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Abstract Tissue-specific promoters are required for

plant molecular breeding to drive a target gene in the

appropriate location in plants. A chromoplast-specific,

carotenoid-associated gene (OgCHRC) and its promoter

(Pchrc) were isolated from Oncidium orchid and

characterized. Northern blot analysis revealed that

OgCHRC is specifically expressed in flowers, not in

roots and leaves. Transient expression assay of Pchrc by

bombardment transformation confirmed its differential

expression pattern in floral tissues of different horticul-

ture plants and cell-type location in conical papillate

cells of adaxial epidermis of flower. These results

suggest that Pchrc could serve as a useful tool in

ornamental plant biotechnology to modify flower color.
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Introduction

In plants, carotenoid pigments are essential in

pollinators and other organisms, photoprotection

and UV-B radiation protection (Stracke et al. 2007;

Naik et al. 2003). CHRC is a chromoplast-specific,

carotenoid-associated protein that functions in

sequestration and accumulation of carotenoid in

plastid membranes during flower and fruit develop-

ment (Vishnevetsky et al. 1999b). Due to the

association with CHRC protein, carotenoids are

stabilized and accumulated in membranes to a

considerable level. A cucumber CHRC gene and its

promoter activity have been intensively studied.

Cucumber CHRC gene displays spatial expression

in floral tissues and temporal activation in parallel to

floral development (Vishnevetsky et al. 1996, 1999a).

Oncidium Gower Ramsey hybrid has become a

popular cut flower in Asian markets. The yellow

pigment in floral tissues is comprised of carotenoid

compounds (Hieber et al. 2006). However, the simple

yellow floral color seems not to meet customers’

demands. Modification of floral pigments by engi-

neering pigment-biosynthesizing genes could be a

useful strategy to change flower color (Zuker et al.

2002). An eligible promoter that can drive gene

expression specifically in parallel to floral develop-

ment, rather than a constitutive one such as CaMV 35S

promoter, is a crucial component to successfully drive

pigment-biosynthesizing genes in floral tissue cells.

Based on this motivation, CHRC gene (OgCHRC) and

promoter sequence (Pchrc) were isolated from floral

lip of Oncidium orchid and characterized. To delin-

eate the differential function of CHRC promoter

region and the expression pattern, bombardment
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transformation assay was carried out by using GUS-

fusion system in various plant species. The results

clearly showed that Pchrc was specifically expressed

in the conical papillate cells of adaxial epidermis of

floral tissues. Our data strongly supports that Pchrc of

Oncidium could serve as an effective promoter to

drive pigment-biosynthesizing genes and to modify

floral pigments in plant biotechnology.

Materials and methods

Plant materials and RNA isolation

Oncidium Gower Ramsey were obtained from Hsin-

Tung Orchid Nursery. Taoyuan, Taiwan. The floral

buds of different developmental stages and floral lips

were harvested for RNA isolation and for biolistic

bombardment.

Cloning of Oncidium CHRC and its promoter

region

Poly(A)+ RNA was purified from total RNA using

Oligotex mRNA Kit (Qiagen).

The 50- and 30-Rapid Amplification of cDNA Ends

(50- and 30-RACE) on CHRC genes was performed

(Clontech) according to the manufacturer’s instruc-

tion. The primer sequences for the amplification of

full length cDNA were as the followings:

Forward: 50-ACCGGGAGTTTTCAGAAAAA-30;
Reverse: 50-TTTGATTCGGACTGTAATATTT-30.

The promoter region of OgCHRC was amplified

from genomic DNA template by genome-walking

method (GenomeWalker Universal Kit, Clontech).

The primer sequences for the amplification of 1.7 Kb

fragment Pchrc were as the followings: Forward: 50-
GTCGTGAGATATTCTCATTTGCTG-30; Reverse:

50-GTTTGAACTTGGGAGTTGGGG-30.

Northern blot analysis

Total RNA was isolated from flower bud by phenol/

chloroform extraction and LiCl precipitation (Chang

et al. 1993). Ten lg RNA of each sample was

resolved on 1% denatured/formaldehyde agarose gel,

transferred onto a Immobilon-N+ membrane (Milli-

pore), and UV cross-linked. The membranes were

hybridized at 65�C with a-32P-dCTP -labeling probe.

Following hybridization, membranes were washed

twice at room temperature in 2 9 SSC containing

0.1% SDS for 15 min and once in 0.1 9 SSC at 60�C

for 10 min.

Constructs for transient expression and particle

bombardment

DNA cassettes of GUS gene fused with Pchrc or

CaMV 35S promoter in pCAMIA1390 vector were

amplified by PCR and subcloned into a pGEM-T easy

vector. The purified recombinant plasmid DNA was

prepared for bombardment transformation to floral

tissues. The petal tissues of Oncidium, Rose, Lily,

Carnation and Chrysanthemum were freshly

detached. Bombardment assay was conducted fol-

lowing the method described by Vishnevetsky et al.

(1999), using the instrument of Helium Biolistic

particle Delivery System (Model PDS-100, Bio-

RAD). In brief, plasmid DNA (1 lg) was precipitated

with 0.6 mg gold particles (1.0 lm diameter) through

the addition of 10 ll 2.5 M CaCl2 and 4 ll 100 mM

spermidine. After precipitation, the particles were

washed twice with absolute ethanol, and resuspended

in 20 ll absolute ethanol. Then, the particles were

pipetted onto a microcarries of the Biolistics Device.

For bombardment, lip tissue was placed on 0.5 9 MS

medium with 7.5% agar in a Petri dish, and was

bombarded at a distance of 9 cm from the stopping

plate using 900 psi (1 psi = 6.89 kPa) rupture disks.

Bombarded tissues were subsequently incubated on

MS medium at 22�C, under a 16 h-light/8 h-dark

photoperiod condition for 2 days.

Histochemical analysis of GUS expression

The bombarded lip were transferred into histochem-

ical reagent containing 0.1 M phosphate buffer,

0.5 mM ferricyanide, 0.5 mM ferrocyanide, 0.1%

Triton X-100, 10.0 mM EDTA, 20% (v/v) methanol

and 1 mM 5-bromo-3-indolyl-glucuronide (Sigma).

The samples were incubated for 2 days at 37�C. After

staining, the samples were cleared with 70% (v/v)

ethanol and fixed in FAA (45% absolute ethanol, 5%

glacial acetic acid, 5% formaldehyde). The micro-

scopic observation was carried out under the contrast

phase light microscope.
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GUS fluorometric assay

The bombarded tissues were extracted in 50 mM

sodium phosphate buffer pH 7.0, containing 0.1%

Triton X-100, 10 mM EDTA, and 10 mM b-mercap-

toethanol. Following centrifugation, extracts was

incubated with the same buffer containing 1 mM 4-

methylumbelliferyl b-D-glucuronide (MUG). Aliquots

were withdrawn after 0, 15, 30 and 45 min, the

reaction was stopped with 0.2 M Na2CO3. Six repli-

cates for each sample were measured with a

Fluoroskan Ascent FL fluorometer (Labsystems).

The protein concentration of each sample was deter-

mined using Quick Start Bradford Protein Assay kit

(Bio-Rad).

Results and discussion

Molecular characterization of a chromoplast

specific carotenoid-associated protein gene,

OgCHRC

By using of RT-PCR and 50/30 RACE, an OgCHRC

cDNA (GeneBank access NO. EU583501) of

1,069 bp encoding 319 deduced amino acid residues

was successfully isolated. The protein sequence

analysis revealed that OgCHRC shares 68%, 67%

and 66% identity with CHRC of Arabidopsis thaliana,

Oryza sativa and Cucumis sativus L. respectively

(Wijk et al. 2006; Cooper et al. 2003; Vishnevetsky

et al. 1996).

Northern blot analysis was carried out to examine the

pattern of OgCHRC expression pattern in roots, leaves,

flower buds of five developmental stages (S1–S5) and

floral lip tissues. The result revealed that the expression

level of OgCHRC increased gradually from S1 to S5

and exhibited a maximal expression level in the lip

tissue (Fig. 1). In contrast, the expression level of

OgCHRC was not detected in root and leaf tissues,

suggesting that OgCHRC is a floral-specific expressed

gene.

Isolation and sequence analysis of OgCHRC

promoter (Pchrc) in silico

A 1,703 bp genomic DNA fragment located upstream

of the OgCHRC coding sequence was isolated by

using genome-walking protocol. Nucleotide sequence

analysis in silico was performed by using various

database search programs including PLACE

(http://www.dna.affrc.go.jp, Higo et al. 1999), CIS-

TER (http://www.zlab.bu.edu; Frith et al. 2001)

and PlantCARE (http://bioinformatics.psb.ugent.be/

webtools/plantCARE; Higo et al. 1999; Prestridge

1991). Sequence analysis indicated that this fragment

contained the basal regulatory elements including

TATA box for RNA polymerase binding and CAAT

box for transcription frequency regulation (Fig. 2).

Two 6-bp elements, ATAGAA, that is essential for

regulation of plastid genes (Kapoor and Sugiura

1999) were found between nucleotides -1200*-

1194 and -1002*-998 bp (Fig. 2). Thus, this DNA

fragment could be a functional promoter region of

OgCHRC and was designated as Pchrc.

Transient expression analysis of the OgCHRC

promoter using particle bombardment

In situ transient expression assay depending on a

particle bombardment delivery system has been used

to detect promoter efficiency (Vishnevetsky et al.

1999). Two constructs were employed in the transient

expression assay. The first one is the 1,703 bp

OgCHRC promoter region fused to the b-glucuron-

idase gene (Pchrc::GUS), and the other is the

CaMV35S promoter driving GUS gene (35S::GUS)

as a control. Transient GUS expression driven by the

OgCHRC promoter, mimicked the pattern of Og-

CHRC transcript levels expressed in root, leaf and

flower tissues, as well as during different flower

development stages (Fig. 3a, b). Pchrc::GUS was

preferentially expressed in flower. Histochemical

analysis of Pchrc::GUS activity in lip tissue, using

Fig. 1 Northern blot analysis of the OgCHRC gene expression

during flower development. Ten lg total RNA from roots,

leaves, S1–S5 (five different floral developmental stage)

flowers and lips were loaded, respectively. In the lower panel,

ethidium bromide-stained ribosomal RNA is shown as an

internal control
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the chromogenic substrate X-Gluc, is illustrated in

Fig. 4a and b. Pchrc::GUS was specifically expressed

in conical papillate cells of adaxial epidermis of lip

tissues where carotenoid and anthocyanidin are

accumulated (Hieber et al. 2006), suggesting a cell-

type-specific function. However, the 35S::GUS did

not exhibit such organ-specificity in different tissues

of Oncidium as Pchrc (Fig. 3a).

Analysis of OgCHRC promoter activity in floral

tissues of various plants

OgCHRC promoter activity was further analyzed in

rose, chrysanthemum, carnation and lily. Low activ-

ities of OgCHRC promoter were detected in rose,

chrysanthemum and carnation. On the contrary, the

activity of OgCHRC promoter was relative high in

lily and Oncidium compared with the other three

plant species (Fig. 4). This result indicates that

OgCHRC promoter is more efficient in monocot

plants than in dicots. In comparison, the CaMV35S

promoter had higher activities in these five plants

(Fig. 4).

Oncidium Gower Ramsey is an important and

popular cut flower for commercial orchid market.

Recently, the flower color genes involving in carotenoid

and anthocyanidin biosynthetic pathways have been

identified in Oncidium Gower Ramsey (Chiou and Yeh

2008; Hieber et al. 2005). Furthermore, genetic trans-

formation mediated by Agrobacterium tumefaciens and

by particle bombardment had been established in

Oncidium (Liau et al. 2003; Li et al. 2005). More

recently, Chiou and Yeh (2008) successfully induced

anthocyanin biosynthesis in yellow lip tissues by

Fig. 2 Nucleotide

sequence of OgCHRC
promoter region. The

transcription initiation site

is marked as +1. TATA box

and CAAT box are

highlighted in bold with

green and pink color

respectively. Two putative

repeated elements

(ATAGGA) for regulatory

function of plastid genes are

highlighted in bold and

underlined in red
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bombarding a Pchrc::OgMYB construct. It is therefore

should be possible to develop new cultivars with

different flower colors by regulating chalcone synthase

(CHS) and phytoene desaturase (PTD) under the control

of a floral-specific promoter, such as the OgCHRC

promoter isolated from Oncidium Gower Ramsey

(Fig. 5).

Because the CaMV 35S promoter is a constitutive

and strong promoter, using it to drive the genes

involved in the anthocyanin or carotenoid biosyn-

thetic pathway may result in abnormal growth and

development in transgenic plants (Rai et al. 2007;

Van der Meer et al. 1992). The development of new

promoters with tissue-specific expression patterns is

important for the future development of floriculture

crops. The characterization of Pchrc with the spatial

and temporal expression may therefore offer a

potential application in floral industry.

Fig. 3 Spatial and temporal regulation of OgCHRC promoter.

(a) GUS activities expressed by Pchrc::GUS and 35S::GUS
constructs in transformed tissues were measured and repre-

sented as nmol methylumbelliferone (MU)/min-1 mg-1

protein in the extract. Each result represents an average of

six bombardments. (b) GUS activities expressed by

Pchrc::GUS delivered by particle bombardment to flower buds

of Oncidium at different developmental stages (S1–S5) were

measured and represented as nmol methylumbelliferone (MU)/

min-1 mg-1 protein in the extract. Each result represents an

average of six bombardments

Fig. 4 Tissue-specific and cell-specific expression of Pchrc
activity. (a) Histochemical visualization of GUS staining in lip

of Oncidium flower bombarded with Pchrc::GUS. (b) Micro-

scopic image of GUS staining in conical-papillate cells of lip

tissues bombarded with Pchrc::GUS at magnification of

2009. Scale bars = 50 lm

Fig. 5 Pchrc activity assay in petal of different plants. GUS

activities expressed by Pchrc::GUS and 35S::GUS constructs

in different plant petals (rose, chrysanthemum, carnation, lily
and Oncidium) were measured and represented as nmol

methylumbelliferone (MU)/min-1 mg-1 protein in the extract.

Each result represents an average of six bombardments
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