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A B S T R A C T

R2R3-MYB transcription factors are known to activate the flavonoid biosynthetic pathway. In the present study,
R2R3-MYB gene isolated from the liliaceous ornamental plant Tricyrtis sp. (TrMYB1) under the control of the
cauliflower mosaic virus 35S promoter was introduced into Pelargonium crispum via Agrobacterium-mediated
transformation in order to alter leaf color phenotype. Ten independent transgenic plants have been obtained, and
they could be classified into three types according to the leaf color phenotype: six transgenic plants had deep
yellowish-green leaves as non-transgenic plants (Type I); two had deep red-purple leaves (Type II); and two had
deep red leaves (Type III). Spectrophotometric analysis showed that the amount of total anthocyanins sig-
nificantly increased in leaves of Type II and Type III transgenic plants compared with non-transgenic and Type I
transgenic plants. In addition, several anthocyanins were newly produced in leaves of Type II and Type III
transgenic plants as revealed by high performance liquid chromatography analysis. Quantitative real-time re-
verse transcription-polymerase chain reaction analysis showed that TrMYB1 expression level correlated with the
degree of leaf color alteration. Our results indicate the validity of genetic transformation with TrMYB1 for
producing colored foliage in heterologous ornamental plants.

1. Introduction

Leaf color is one of the attractive traits for ornamental plants, and
plants with colored foliage often called “colored-leaf plants”. In most
colored-leaf plants, such as coleus (Solenostemon spp.), Heuchera spp.
and ornamental kale (Brassica oleracea var. acephala), anthocyanins are
accumulated in leaf cells, resulting in red, purple or violet foliage.
Anthocyanins are synthesized through the flavonoid biosynthetic
pathway, and the biochemistry and enzymology of this pathway are
well established (Forkmann, 1991; Koes et al., 2005). Genes for flavo-
noid biosynthetic enzymes have so far been isolated from various plant
species, and successful flower color alteration by genetic transformation
using these genes has already been reported as follows: Petunia hybrida
with overexpressed foreign dihydroflavonol 4-reductase (DFR) gene
(Oud et al., 1995); Rosa hybrida with suppressed endogenous DFR gene
and overexpressed foreign flavonoid 3′,5′-hydroxylase (F3′5′H) and
DFR genes simultaneously (Katsumoto et al., 2007); Cyclamen persicum
with suppressed endogenous F3′5′H gene (Boase et al., 2010); Gentiana

triflora × G. scabra with suppressed both endogenous 5,3′-aromatic
acyltransferase (5/3′AT) and F3′5′H genes (Nakatsuka et al., 2010);
Torenia hybrida with suppressed endogenous flavonoid 3′-hydroxylase
(F3′H) and F3′5′H genes and overexpressed foreign DFR gene, si-
multaneously (Nakamura et al., 2010); Tricyrtis sp. with suppressed
endogenous chalcone synthase (CHS) gene (Kamiishi et al., 2012);
Chrysanthemum morifolium with overexpressed foreign F3′5′H gene
(Noda et al., 2013). Although ectopic expression of the flavonoid bio-
synthetic enzyme genes is assumed to alter leaf color in addition to
flower color, production of colored-leaf plants has not yet been
achieved by genetic transformation with a single flavonoid biosynthetic
enzyme gene due to the lack of expression of multiple flavonoid bio-
synthetic enzyme genes in leaves (Bradley et al., 1998; Nakatsuka et al.,
2005). Thus, in order to alter leaf color phenotype, it is necessary to
introduce or upregulate multiple genes encoding flavonoid biosynthetic
enzymes simultaneously.

R2R3-MYB transcription factor forms a trimeric activator complex
(MBW complex) with basic helix-loop-helix (bHLH) and WD40 repeat
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(WDR) proteins, which generally induces anthocyanin accumulation
through transcriptional upregulation of multiple genes for flavonoid
biosynthetic enzymes (Koes et al., 2005). R2R3-MYB genes have so far
been isolated from various plant species, and heterogeneous expression
of these genes in some model plants such as Arabidopsis thaliana
(Borevitz et al., 2000) and Nicotiana tabacum (Chen et al., 2017; Deluc
et al., 2006; Huang et al., 2013; Mooney et al., 1995) has led to obvious
anthocyanin accumulation in the whole body. Thus, genetic transfor-
mation using the R2R3-MYB genes may be an effective mean to produce
“colored-leaf plants”. However, there have been only a few studies on
leaf color alteration by genetic transformation with the R2R3-MYB
genes in ornamental plants such as P. hybrida (Bradley et al., 1998),
Gerbera hybrida (Laitinen et al., 2008), Ficus lyrata (Zhao et al., 2013),
and R. hybrida (Zvi et al., 2012).

Pelargonium spp., generally called “geraniums”, are economically
important ornamental plants belonging to Geraniaceae. Among
Pelargonium spp., P. crispum, which has lemon-scented foliage and
beautiful flowers, is cultivated worldwide for pot and garden uses as
well as production of aroma oils (Lim, 2014). In P. crispum, there are
few cultivars with colored foliage at present, production of colored-leaf
plants is desired for enhancing their horticultural and economical
value. Therefore, in the present study, we examined production and
characterization of transgenic P. crispum plants ectopically expressing
the R2R3-MYB gene isolated from the liliaceous ornamental plant Tri-
cyrtis sp. (TrMYB1) (Otani et al., 2018).

2. Materials and methods

2.1. Plant material and plantlet culture

Potted plants of Pelargonium crispum cv. Angel Eyes Viola were used
in the present study. They were cultivated in the greenhouse, where the
night/day temperatures were 5–20 °C / 10–30 °C, respectively, de-
pending on the season and weather.

Vigorously growing stems were harvested from potted plants and
surface-sterilized with 70% ethanol for 1min followed by with a so-
dium hypochlorite solution (1% active chlorine) containing a drop of
Tween 20 for 10min. After three rinses with sterilized distilled water,
nodal segments (ca. 10mm in length) were placed on a plantlet culture
medium [half-strength MS medium (Murashige and Skoog, 1962)
containing 1mg L−1 indole-3-butyric acid (IBA), 20 g L−1 sucrose, and
3 g L−1 gellan gum, pH 5.8]. Axillary bud-derived shoots were sub-
cultured every two months by transferring nodal segments (ca. 10mm
in length) to fresh medium of the same composition. Cultures were
maintained at 25 °C under a 16 h photoperiod with fluorescent light
(35 μmolm−2 s−1).

2.2. Agrobacterium-mediated production of transgenic plants

A. tumefaciens strain EHA101/pIG-TrMYB1 was used for transfor-
mation. The T-DNA region of the binary vector pIG-TrMYB1 contained
TrMYB1 (accession number AB856412 in the GenBank/EMBL/DDBJ
databases) under the control of the cauliflower mosaic virus (CaMV)
35S promoter, the neomycin phosphotransferase II (NPTII) gene under
the control of the nopaline synthase (NOS) promoter, and the hygro-
mycin phosphotransferase (HPT) gene under the control of the
CaMV35S promoter (Fig. S1). A. tumefaciens strain EHA101/pIG121-
Hm (accession number AB489142 in the GenBank/EMBL/DDBJ data-
bases) was also used in the present study as a vector control.

Production of transgenic P. crispum plants was performed as pre-
viously described for P. zonale (syn. P. × hortorum) and P. capitatum
(Hassanein et al., 2005) with several modifications. Petiole segments
(ca. 5 mm in length) were collected from plantlet cultures two months
after subculture and precultured on a co-cultivation medium [half-
strength MS medium containing 0.1mg L−1 1-naphthaleneacetic acid
(NAA), 1mg L−1 6-benzyladenine (BA), 1 mg L−1 zeatin, 50mg L−1

acetosyringone (AS), 0.5 g L−1 2-(N-morpholino) ethanesulfonic acid
(MES), 30 g L−1 sucrose, and 2 g L−1 gellan gum, pH 5.8] at 25 °C in the
dark for 3 days. Cultured Agrobacterium cells were suspended to an
OD600= 0.8–1.2 in an inoculation medium (half-strength MS medium
containing 50mg L−1 AS, 0.5 g L−1 MES, and 30 g L−1 sucrose, pH
5.8). Precultured petiole segments were immersed in the bacterial
suspension for 20min with gentle shaking. After blot-drying on ster-
ilized filter papers, petiole segments were transferred to the co-culti-
vation medium and incubated at 25 °C in the dark for 3 days. Co-cul-
tivated segments were then transferred to a selection medium (half-
strength MS medium containing 0.2mg L−1 NAA, 0.5 mg L−1 BA,
0.5 mg L−1 zeatin, 50mg L−1 kanamycin, 20mg L−1 meropenem, 0.5 g
L−1 MES, 30 g L−1 sucrose, and 2 g L−1 gellan gum, pH 5.8) and sub-
cultured every two weeks to fresh medium of the same composition at
25 °C under a 16 h photoperiod with fluorescent light (35 μmol m-2

s−1). Adventitious shoots (ca. 10mm in length) regenerated within two
months were isolated from co-cultivated segments, transferred for
rooting to the plantlet culture medium supplemented with 20mg L−1

meropenem, and cultured under the same conditions.
The presence of the transgene in regenerated plantlets was con-

firmed using PCR analysis with a TrMYB1-specific primer set, TrMYB1
RT-Fw (5′-TGA GCA GCA CCA AGA AGA TG-3′) and TrMYB1 RT-Rev
(5′-TGC AAA ATC ATA CTA ACC CCA GAG-3′).

After acclimatization, transgenic plantlets were transplanted to pots
and cultivated in a growth chamber at 25 °C under a 16 h photoperiod
with fluorescent light (35 μmolm−2 s-1). After six months of cultiva-
tion, morphological, biochemical and molecular characterizations were
performed during the flowering season.

2.3. Leaf color characterization

Leaf color characterization was performed using leaf blades other
than vines. Initially leaf color was investigated visually with the aid of
the JHS Color Chart (Japan Horticultural Plant Standard Color Chart,
1984) and expressed using Inter-Society Color Council, National Bureau
of Standard color name as well as JHS Color Chart number according to
Kuwayama et al. (2005). Then, lightness (L*) and two chromatic
components a* and b* of the CIEL*a*b* color coordinates (Gonnet,
1995) of leaves were measured using the Color Reader (CR-400; Konica
Minolta Sensing Inc., Tokyo, Japan). L* values indicate lightness (0 =
black, 100 = white). The a* and b* values which shift from negative to
positive values indicate to shift from green to red and from blue to
yellow, respectively.

2.4. Measurement of anthocyanin contents

Total anthocyanins were extracted from 100mg of fresh leaves with
a methanol-HCl method according to Rabino and Mancinelli (1986).
Absorption of the extracts at 530 and 657 nm wavelength was measured
using a spectrophotometer (Ultrospec 3000; GE healthcare UK Ltd.,
Little Chalfont, England). Relative amount of total anthocyanins was
calculated with the formula, (A530 - 0.25 × A657) M−1, where A530 and
A657 are the absorbances at the indicated wavelengths and M (g) is the
mass of the plant material used for extraction. Each measurement was
performed in triplicate.

2.5. High performance liquid chromatography (HPLC) analysis of
anthocyanidins

Anthocyanidins were extracted from 300mg of fresh leaves and
analyzed by HPLC according to Kamiishi et al. (2012). Anthocyanidin
extracts from petals of Torenia fournieri were used as anthocyanidin
standard and five peaks detected in the present study were identified.
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2.6. Real-time reverse transcription-polymerase chain reaction (RT-PCR)
analysis

Transgene transcripts in young leaves were quantified by real-time
RT-PCR analysis. Total RNA was extracted according to the IHBT pro-
tocol (Ghawana et al., 2011) and then treated with DNaseI (Life
Technologies, CA, USA) according to the manufacturer’s instructions.
For cDNA synthesis, 500 ng of the total RNA was reverse-transcribed in
a total volume of 20 μL using the PrimeScript™ RT reagent Kit, Perfect
Real Time (Takara, Shiga, Japan) according to the manufacturer’s
protocol. Real-time RT-PCR analysis was performed using SYBR®

Premix Ex Taq™II (Takara, Shiga, Japan) on the DNA Engine Opticon
System (MJ Research, Waltham, MA, USA) as previously described
(Otani et al., 2016). The primer sets used were the above-mentioned
TrMYB1-specific primer set, TrMYB1 RT-Fw and TrMYB1 RT-Rev; and
an Actin 7-like protein gene (accession number FJ834457 in GenBank/
EMBL/DDBJ databases)-specific primer set, Actin RT-Fw (5′-AGG CTG
GAT TTG CTG GTG ATG-3′) and Actin RT-Rev (5′-GCC TTG GGG TTG
AGA GGT G-3′). Each PCR was performed in triplicate under the fol-
lowing conditions: 5 s at 95 °C, 30 s at 60 °C, and plate read (detection
of fluorescent product) for 45 cycles. To characterize the PCR products,
a melting curve analysis was performed by slowly raising the tem-
perature from 70 to 95 °C, with fluorescence data at 1.0 °C intervals
(Ririe et al., 1997). The relative amount of TrMYB1 transcripts was
calculated using the comparative cycle threshold method, and results
normalized to the Actin 7-like protein gene.

3. Results

3.1. Production and leaf color phenotype of transgenic P. crispum

Three days after the onset of co-cultivation with Agrobacterium, red
pigmentation was observed at the cut edges of petiole segments, which
may be resulted from transient expression of TrMYB1 (Fig. S2B). No red
pigmentation was observed in the vector control (Fig. S2A). Two weeks
after culture on the selection medium, adventitious shoots were pro-
duced from co-cultivated petiole segments. During culture in the dark,
both white and red shoots were observed (Fig. S2C). Kanamycin-re-
sistant shoots were isolated and transferred to the meropenem-con-
taining plantlet culture medium, on which the shoots developed into
plantlets within two weeks. Plantlets developed from red shoots also
had red leaves (Fig. S2D).

A total of ten plantlets were confirmed to be transgenic by PCR
analysis (Fig. 1) and termed MYB1 lines. Morphological characteriza-
tion was performed six months after cultivation in pots during the
flowering season (Fig. 2; Table S1). MYB1 lines could be classified into
the following three types according to the degree of leaf color altera-
tion. Type I MYB1 lines (MYB1-1, -4, -5, -6, -7, -8) had deep yellowish-
green leaves as wild-type plants (Fig. 2A and C). Leaves of Type II

(MYB1-2, -9) and Type III (MYB 1-3, -10) MYB1 lines were deep red-
purple and deep red, respectively (Fig. 2A and C). In both Type II and
Type III MYB1 lines, leaf vines showed strong pigmentation (Fig. 2C).
Flowers of Type II and Type III MYB1 lines showed slightly deeper
colors and larger purple spots compared with those of wild-type plants
and Type I MYB1 lines (Fig. 2B). No apparent differences in growth and
anthesis were observed between three types of transgenic lines and
wild-type plants. No apparent sensuous difference in leaf scent was also
observed.

Distributions based on two chromatic components, a* and b* values
in each strain were distinctly different on the CIEL*a*b* color co-
ordinates (Fig. S3; Table S1). Leaves of Type III MYB1 lines showed
lower L* (18.8–19.4) and b* values (5.9–6.3) and higher a* values
(7.6–8.7) than those of wild-type plants and Type I MYB1 lines (L* =
21.2–24.7; a* = -12.4–-11.4; b*=16.1–12.4). For leaves of Type III
MYB1 lines, the degree of changes in a* and b* values was much higher
than Type II MYB1 lines, although L* value was almost the same as
Type II MYB1 lines.

3.2. Anthocyanin and anthocyanidin analyses in transgenic P. crispum

Leaves of wild-type plants, and Type I (MYB1-1), Type II (MYB1-2)
and Type III (MYB1-3) MYB1 lines were used for quantification of total
anthocyanins (Fig. 3). Anthocyanin extracts from MYB1-2 and MYB1-3
showed purple and red colors, respectively (Fig. 3A). MYB1-1 showed
only a little amount of total anthocyanins, and no significant difference
in the amount was observed between MYB1-1 and wild-type plants.
MYB1-2 and MYB1-3 showed significantly higher amounts of total an-
thocyanins than wild-type plants and MYB1-1. In addition, the amount
in MYB 1-3 was approximately 3.7-fold higher than MYB1-2 (Fig. 3B).

Fig. 4 shows HPLC profiles of anthocyanidins in leaves of wild-type
plants, MYB1-1, MYB1-2 and MYB1-3. No peaks of anthocyanidins were
detected in leaves of both wild-type plants and MYB1-1. On the other
hand, nine peaks were detected in leaves of both MYB1-2 and MYB1-3.
Leaves of MYB1-2 and MYB1-3 mainly contained peonidin 3,5-diglu-
coside (peak 4) and malvidin 3,5-diglucoside (peak 5). The signal
strength of the peaks of these two anthocyanidins in MYB1-3 was much
higher than MYB1-2, although no apparent differences were observed
in the other seven peaks (peak 1–3 and 6–9) between MYB1-2 and
MYB1-3.

3.3. Real-time RT-PCR analysis for TrMYB1 expression in transgenic P.
crispum

Fig. 5 shows the relative amount of TrMYB1 transcripts in young
leaves of wild-type plants, and Type I (MYB1-1), Type II (MYB1-2) and
Type III (MYB1-3) MYB1 lines. TrMYB1 transcripts were observed in
MYB1-2 and MYB1-3, but not in wild-type plants and MYB1-1. The
relative amount of TrMYB1 transcripts in MYB1-3 was significantly
higher than wild-type plants and MYB1-1 and approximately two-fold
higher than in MYB1-2.

4. Discussion

In the present study, we successfully produced transgenic P. crispum
plants ectopically expressing TrMYB1 by Agrobacterium-mediated
transformation. Although genetic transformation has already been re-
ported for some Pelargonium spp. such a P. × domesticum (Boase et al.,
1996), P. capitatum (Hassanein et al., 2005), P. zonal (syn. P. × hor-
torum) and P. peltatum (Hassanein et al., 2005; García-Sogo et al.,
2012), and P. graveolens (Singh et al., 2017), to the best of our
knowledge, this is the first report of genetic transformation of P.
crispum.

Among transgenic plants obtained, Type II and Type III MYB1 lines
had deep red-purple and deep red leaves, respectively (Fig. 2; Table S1).
Leaves of Type II and Type III MYB1 lines showed increased a* values

Fig. 1. PCR analysis for detecting the transgene (TrMYB1) in putative trans-
genic plantlets of Pelargonium crispum. Lane M, 100-bp ladder, Lane NC, non-
transgenic plantlets as a negative control, Lane PC, binary vector pIG-TrMYB1
as a positive control, Lanes 1–7 independent putative transgenic plantlets.
Arrowhead indicates the desired 226 bp fragment.
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and decreased b* values compared with wild-type plants and Type I
MYB1 lines, and the degree of changes in a* and b* values was much
higher in leaves of Type III than Type II MYB1 lines (Fig. S3; Table S1).
These results indicate that leaf color turned into reddish and bluish
from greenish-yellow in Type II and Type III MYB1 lines, respectively
(Fig. S3; Table S1). Similar leaf color phenotypes have been reported for
transgenic P. hybrida (Bradley et al., 1998), G. hybrida (Laitinen et al.,
2008), R. hybrida (Zvi et al., 2012) and F. lyrata (Zhao et al., 2013)
ectopically expressing the R2R3-MYB genes. Dasgupta et al. (2017)
reported that transgenic N. tabacum plants ectopically expressing the
R2R3-MYB genes showed red, purple or pink colored-leaves due to
anthocyanin accumulation and these leaves showed increased a* values
and decreased b* values compared with wild-type plants. Similar ob-
servations were obtained in the present study for Type II and Type III
MYB1 lines. In Type II and Type III MYB1 lines, leaf vines showed
strong pigmentation compared with other leaf parts (Fig. 2C). The
CaMV35S promoter used in the present study generally has stronger
transcriptional activities in vascular tissues (Terada and Shimamoto,
1990; Yang and Christou, 1990). Thus, strong pigmentation in leaf

veins in Type II and Type III MYB1 lines may be caused by the property
of the CaMV35S promoter. Although stunted and delayed growth has
been reported for some transgenic plants of N. tabacum (Huang et al.,
2013) and P. hybrida (Bradley et al., 1998) overexpressing the R2R3-
MYB genes under the control of the CaMV35S promoter, Type II and
Type III MYB1 lines in the present study showed normal growth and
anthesis.

The expression level of TrMYB1 was positively correlated with the
relative amount of total anthocyanins in leaves of transgenic plants
(Figs. 3 and 5). TrMYB1 transcripts were detected in Type II and Type
III MYB1 lines, whereas not in Type I MYB1 lines (Fig. 5). Type I MYB1
lines had deep yellowish-green leaves without anthocyanin accumula-
tion as wild-type plants (Figs. 2 and 3; Table S1), and there were no
differences in L*, a* and b* values between wild-type plants and Type I
MYB1 lines (Fig. S3). No leaf color alteration in Type I MYB1 lines may
be caused by silencing of transgene expression. Position effect and co-
suppression are most commonly responsible for transgene silencing in
plants (Matzke et al., 1989; Matzke and Matzke, 1998; Napoli et al.,
1990).

Fig. 2. Morphological characterization of transgenic Pelargonium crispum plants. (A) Plants during the flowering season. (B) Flowers. (C) Adaxial (upper, Ad) and
abaxial (lower, Ab) sides of leaves.
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R2R3-MYB transcription factors act as a trimeric activator complex
with bHLH and WDR (Koes et al., 2005). In the model legume plant
Medicago sativa, ectopic expression of a heterologous R2R3-MYB gene
from A. thaliana (AtPAP1) never induced anthocyanin accumulation,
although transgenic plants ectopically expressing an own R2R3-MYB
gene (MtLAP1) accumulated anthocyanins in the whole body (Peel
et al., 2009). This result suggests that R2R3-MYB transcription factors
might have species specificity for MBW complex formation. On the
other hand, in the present study, ectopic expression of TrMYB1 in

transgenic P. crispum resulted in anthocyanin accumulation in leaves.
This result indicates that a heterologous R2R3-MYB from the liliaceous
monocotyledon Tricyrtis sp. can form the active complex with bHLH
and WDR of the geraniaceous dicotyledon P. crispum. In addition, our
result indicates that endogenous genes for bHLH and WDR may be
expressed constantly in leaves of P. crispum.

Recently, validity of the R2R3-MYB gene as a visual selection
marker of transgenic tissues has been examined in order to develop
antibiotic-free transformation systems (Kortstee et al., 2011; Saika
et al., 2011; Naing et al., 2015). In the present study, some adventitious
shoots produced on the kanamycin-containing selection medium
showed red pigmentation, and these red shoots subsequently developed
into plantlets with red leaves (Fig. S2). All of them were verified to be
transgenic by PCR analysis and classified into Type II or Type III MYB1

Fig. 3. Anthocyanin contents in leaves of transgenic Pelargonium crispum plants.
(A) Extracted solutions from leaves and (B) relative amount of total antho-
cyanins of wild-type plants (WT), and Type I (MYB1-1), Type II (MYB1-2) and
Type III (MYB1-3) MYB1 lines. Values with different letters are significantly
different at the 0.1 level with the Tukey-Kramer’s test.

Fig. 4. HPLC profiles of anthocyanidins in
leaves of transgenic Pelargonium crispum plants.
(A) wild-type plants, (B) Type I MYB1 line
(MYB1-1), (C) Type II MYB1 line (MYB1-2),
and (D) Type III MYB1 line (MYB1-3).
Chromatograms’ peak identity: 1, delphinidin
3,5-diglucoside; 2, cyanidin 3,5-diglucoside; 3,
petunidin 3,5-diglucoside; 4, peonidin 3,5-di-
glucoside; 5, malvidin 3,5-diglucoside; 6–9,
unknowns.

Fig. 5. Real-time RT-PCR analysis for TrMYB1 expression in leaves of trans-
genic Pelargonium crispum plants. Relative amounts of TrMYB1 transcripts in
wild-type plants (WT), and Type I (MYB1-1), Type II (MYB1-2) and Type III
(MYB1-3) MYB1 lines were normalized to the Actin 7-like protein gene. Values
with different letters are significantly different at the 0.05 level with the
Tukey–Kramer’s test.
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lines. These results indicate that transgenic P. crispum plants can partly
be screened by using TrMYB1 as a visual selection marker gene. Al-
though transgenic plants expressing the R2R3-MYB gene under the
control of the CaMV35S promoter generally show anthocyanin pig-
mentation in the whole body, this problem can be overcome by using
tissue-specific or drug-inducible promoters, or by removing the R2R3-
MYB selection marker gene from the host genome using the Cre/loxP
site-specific recombination system after selection process (Wang et al.,
2005; Dutt et al., 2018).

In conclusion, we successfully produced colored-leaf P. crispum
plants by genetic transformation using the R2R3-MYB gene from
Tricyrtis sp. These transgenic plants are horticulturally attractive since
they have ornamental values during the non-flowering season. The re-
sults obtained in the present study indicate the applicability of the
R2R3-MYB gene derived from monocotyledonous plants for molecular
breeding of dicotyledonous plants. Thus, we are now examining pro-
duction of colored-leaf plants in a wide range of ornamental plant
species by genetic transformation with TrMYB1.
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