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Abstract Leafy (LFY) and LFY-like genes control the
initiation of floral meristems and regulate MADS-box
genes in higher plants. The Cucumber-FLO-LFY (CFL)
gene, a LFY homolog in Cucumis sativus L. is expressed in
the primordia, floral primordia, and each whirl of floral
organs during the early stage of flower development. In this
study, functions of CFL in flower development were
investigated by overexpressing the CFL gene in gloxinia
(Sinningia speciosa). Our results show that constitutive
CFL overexpression significantly promote early flowering
without gibberellin (GA3) supplement, suggesting that CFL
can serve functionally as a LFY homolog in gloxinia.
Moreover, GA3 and abscisic acid (ABA) treatments could
modulate the expression of MADS-box genes in opposite
directions. GAj; resembles the overexpression of CFL in
the expression of MADS-box genes and the regeneration of
floral buds, but ABA inhibits the expression of MADS-box
genes and flower development. These results suggest that
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Abbreviations

cucumber  Cucumis sativus L.

LFY Leafy

FI Flower-induced

CFL Cucumber-FLO-LFY

gloxinia Sinningia speciosa

Introduction

There are more than 80 genes involved in the control of
flowering time. Several models have been proposed to
explain how these genes govern the establishment and
maintenance of floral meristem identity (Chou and Yang
1998, 1999; Levy and Dean 1998; Parcy et al. 1998; Pineiro
and Coupland 1998). During flower development in Ara-
bidopsis, Leafy (LFY) has been found to play a pivotal role,
interacting with and coordinating other flowering-related
genes (Weigel and Meyerowitz 1993; Wagner et al. 1999,
2004; Sablowski 2007). LFY can directly target APETALAI
(API), AGAMOUS (AG), and APETALA3 (AP3) (Parcy
et al. 1998; Busch et al. 1999; Wagner et al. 1999; Lamb
et al. 2002). All these LFY-targeted genes belong to the
MADS-box gene family of transcription factors, which play
distinct roles in flower development (Wagner et al. 2004).
LFY homologs have also been identified in other plant spe-
cies such as apple, orange, morning glory, rice, tobacco,
tomato and cucumber (Liu et al. 1999). Our previous stud-
ies showed that, Cucumber-FLO-LFY (CFL), a LFY-
like gene from Cucumis sativus L., was strongly expressed
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in the primordia, floral organ primordia, and each whirl of
floral organs at the early stage of floral formation, whereas
weak expression was observed in floral organs at the late
stage of flower development. In addition, the CFL gene was
also expressed in the meristem of vegetative bud, leaf pri-
mordium and young leaves. However, it was not detectable
in mature vegetative tissues (Wang et al. 2004). Thus, the
CFL gene may play an important role in the differentiation
and formation of both floral and vegetative primordia. This
hypothesis, however, needs to be verified.

Flower development can be modulated by various plant
hormones, such as gibberellin (GAj3) and abscisic acid
(ABA) (Martinez-Zapater et al. 1994; Blazquez and Wei-
gel 2000). Recent reports show that GA; promotes normal
development of floral organs owing partly to up-regulation
of the expression of floral homeotic genes AP3, Pl and AG
(Yu et al. 2004). Moreover, GA; acts as a functional
inhibitor of two DELLA proteins, RGA and RGL2 (Cheng
et al. 2004; Yu et al. 2004). Therefore, GA; signaling in
flower development is likely to be involved in a regulatory
network comprising floral homeotic genes and DELLA
proteins (Yu et al. 2004). The effect of GA; on LFY is
mediated through a GAj;-responsive element of LFY pro-
moter with a binding motif similar to that of GA-myb.
Mutation of this motif can result in the failure of up-reg-
ulating a minimal LFY promoter in short days other than
long days (Blazquez and Weigel 2000). Mutants with
reduced ABA biosynthesis can promote early flowering
under non-inducing conditions in Arabidopsis, suggesting
that ABA inhibits flowering (Martinez-Zapater et al. 1994).
Auxin is present in flower primordia, and can promote
outgrowth of flower buds (Benkova et al. 2003; Reinhardt
et al. 2003). However, little is known about effect of ABA
and auxin on LFY as well as its targeted genes.

Gloxinia is originated from tropical South American,
and is widely grown as an ornamental flower plant in
China. Gloxinia belongs to Gesneriaceae, a member of the
Lamiales (Cubas 2004), and has several floral homeotic
variants. This makes it popular as a houseplant (Pang et al.
2003). Gloxinia has a relatively long vegetative phase.
Thus, early flowering is necessary for the flower-plant
market. However, little is currently known about the
molecular mechanism of flower morphogenesis in gloxinia.
In the present study, we overexpress CFL in gloxinia to
establish the function of CFL and investigate its potential
to alter flowering time of gloxinia.

Materials and methods
Plant materials and growth conditions

Gloxinia plants were grown in pearl rock in a glasshouse
at 24 £+ 1°C, 16 h light/8 h darkness and the ambient

@ Springer

humidity (>85%). Transformation was performed as
described by Koncz et al. (1989) and Bechtold et al.
(1993). Flower samples were divided into two parts: one
part was used immediately for tissue culture and the other
was frozen in liquid nitrogen for RNA isolation.

Plasmid constructs

The coding sequence of the CFL gene was amplified and with
forward primer (5'-CCGAGCTCTTGACAAGAGAGACT
GAAAT-3’) and reverse primer (5'-GACCCGGGATGGA
TCCAGAAACCCTCTCC-3'), using plasmid pBS-CFL
(courtesy of Wang Li-Lin) as a template. The PCR product of
1.2 kb was purified from gel and subcloned into the restric-
tion sites Sall and Sacl in the pPCAMBIA13011. All cloning
was performed using standard methods.

Agrobacterium-mediated transformation

Agrobacterium strain EHA105 containing pCAM13011/
CFL was used in the transformation. Leaf pieces from
in vitro-grown plants were co-cultivated with agrobacte-
rium for 2 days, and then transferred to the hygromycin
(20 mg 17" selection medium. After two cycles of culture
in the selection medium, hygromycin-resistant, green
shoots were obtained for production of plantlets.

Southern blot

Genomic DNA was isolated from young leaves using the
method described by Murray (Murray and Thompson 1980;
Bousquet et al. 1990), digested with HindIll, fractionated on
a 0.8% agarose gel, and transferred to a nylon membrane.
The DNA was fixed to the membrane with UV light. The
membrane was prehybridized for 2 h at 42°C in standard
buffer with 50% formamide, and was then hybridized over-
night with 25 ng probe ml~'. Probes were labeled and
detected using DIG Random Labeling Mix and Detection Kit
I according to the manufacturer’s instruction (Roche,
Germany). After hybridization, the membrane was washed
for 3 x 5 min with 2 x SSC + 0.1% SDS at room tem-
perature, and then for 3 x 15 min with 0.5 x SSC + 0.1%
SDS at 68°C. Finally, the hybridized DNA was prepared for
color detection with DAB.

RNA isolation, reverse transcription and cloning
of partial cDNAs

Total RNA was extracted with TRIZOL Reagent (Pro-
mega, USA) according to the manufacturer’s instructions.
The total RNA was treated with DNase I (Promega, USA)
at 37°C for 30 min before the first-strand synthesis. DNase



Plant Mol Biol (2008) 67:419-427

421

was removed by TRIZOL extraction. RNA integrity was
checked by electrophoresis, and the concentration and
quality of RNA were also determined by OD»g0/230 and
ODs60/280- Then, one microgram of DNase-digested RNA
was used as a template for the first-strand cDNA synthesis
according to the manufacturer’s instructions (Promega,
USA). The degenerated primers (see follow) which were
designed according to sequences of Arabidopsis, tobacco
and other homologous genes were used to amplify partial
cDNA from gloxinia. The amplified fragments were iso-
lated and cloned into T-easy ™ (Promega, USA). At least
two clones were selected for sequencing. The degenerate
PCR primers used in the experiments are as follows:
5'-GCTCATGAGATCTCTGTT(G)CTC(T)TGTG-3' and
5'-CTGC(G)TGCTCC(A)AGATTCTGAAG-3' for SsAPI-1;
5'-CACAACGAATCGTCAAGTCAC-3' and 5-GCTC
ATTCTTC(T)TTGGATCG(T)G-3' for SsAG-1; 5'-GAGA
TAAAAAGAATAGAGAACTCAAGC-3" and 5'-CTCCT
GAAGATTAGGCAGCATTGGC-3' for SsAP3-1; 5 CAA
TAAATTGCGTGTTGCTCCTGAG 3’ and 5'-TGTTTCC
GTACCGATCCTTTCTGATA-3' for Ssactin-1. The size
of amplified cDNA fragments was 273 bp for SsAPI-1
(Genbank accession number: EF428184), 394 bp for SsAG-1
cDNA (Genbank accession number: EF428183, 599 bp
for SsAP3-1 c¢DNA (Genbank accession number:
EF428185), 571 bp for SsActin-1 (Genbank accession
number: EF428182).

Flower buds and sepals culture in vitro

Flower buds of 5-6 mm in diameter which contained
sepals but remained close were sterilized for 30 s in 70%
ethanol and 5 min in 10% NaClO at room temperature.
Then the flower buds were rinsed 4 times with sterile water
and air dried in a laminar flow hood. Sepals were cut out
from flower buds and cultured in flower-induction medium
(FI) supplemented with 0.1 mg 17" 6-benzylaminopurine
(6-BA). FI medium is a modified MS medium which
contained different concentrations of Ca and other
macronutrients (15 mM KNOs;, 8§ mM NHy;NO;, 2 mM
CaCl,, 1.5 mM KH,PO,, 1 mM MgSO,). Different concen-
trations of GA; (0, 0.5, 1.0, 1.5 mg 17!, Sigma, USA), ABA
(0, 10, 20 and 30 pM, Sigma, USA) and IAA (0, 0.2, 0.5 and
1.0 mg 17!, Sigma, USA) were added to FI medium sepa-
rately to determine their effects on development of flower
buds, floral regeneration from sepals and analysis of gene
expression. All experiments were repeated at least 3 times.

Semi-quantitative RT-PCR analyses
PCR cycles for semi-quantitative RT-PCR were optimized

for each of five specific primer pairs by amplifying a set of
standards over a range of cycles. Standards were produced

from dilutions of amplified cDNA. The yield of cDNA was
measured according to the signal density of the SsACTI
PCR product with 0.1 pl of cDNA solution after 18-32
cycles of amplification on a Biometra PCR machine (MJ
Research Inc., MA, USA). The concentration of each
cDNA pool was adjusted to achieve the same exponential
phase in the signal density of PCR products for SsACTI
after 25 cycles. The PCR products were electrophoresed on
1.5% agarose gels, stained with ethidium bromide and
photographed. All PCR analyses were repeated at least
3 times to produce independent replication, and the
amplification of a set of standards was also included in
each PCR run.

Results

Generation of transgenic gloxinia lines overexpressing
CFL

Twelve independent gloxinia lines constitutively express-
ing CFL were generated using agrobacterium-mediated
transformation. The integration of CFL into the gloxinia
nuclear genome was confirmed by Southern blot analysis
(Fig. 1a). Analysis showed that the expression of CFL was
detectable in all organs of the transgenic lines tested with
reverse transcriptase polymerase chain reaction (RT-PCR)
(Fig. 1b), but not in wild-type lines (data not shown).

Morphological and developmental alterations
in transgenic gloxinia

Transgenic seedlings were grown under long-day condi-
tion until maturity to determine flowering time and
morphological characters. Although transgenic gloxinia
plants were smaller in size, had fewer branches and were
bushier in growth habit (Fig. 2a—d), most of transgenic
gloxinia plants (71%) flowered 26-32 days earlier than
wild-type plants (Fig. 1c). Up to 90% of the transgenic
plants had terminal flowers emerging directly from shoot
apex with no inflorescence branches while approximately
40% of wild-type plants generated more than one inflo-
rescence branches (Fig. 2e). Importantly, approximately
30% of 35S::CFL gloxinia plants showed flower buds
opening earlier than wild type (Fig. 3). Based on mor-
phological characters, the development of flower buds
was divided into four stages, 15 days after flower buds
emerged as stage I (Fig. 3a, b), 15-25 days as stage II
(Fig. 3c, d), 25-35 days as stage III (Fig. 3e, f) and
3545 days as stage IV (Fig. 3g, h). As flower bud
development progresses, grooves became wider, allowing
sepal blades to spread out and flower buds to open
completely (Fig. 3c-h).
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Fig. 1 Transgene analyses and comparison of flowering time
between wild-type and transgenic CFL gloxinia plants. (a) Southern
blot analysis of CFL in different transgenic lines. Total genomic DNA
(30 pg) was digested with Hindlll and hybridized with the CFL
probe. Lane 1, wild type; lanes 2—5, four different transgenic lines. (b)
RT-PCR analysis of CFL in different organs of transgenic gloxinia.

Fig. 2 Morphological and developmental alterations of transgenic
gloxinia. (a) No flower buds appeared in wild-type plants after
90 days. (b) Terminal flower buds (white arrow) appeared in
35S::CFL transgenic gloxinia plants after 90 days. (c) Flower buds
(white arrow) in the wild type appeared after 115 days. (d) Flowers of

Effect of GA; supplement on development of flower
buds and regeneration of floral buds from sepals

Different GA; concentrations were applied to the culture
medium to investigate GA; effects on the development of
excised flower buds and the regeneration of floral buds
from sepals in wild-type and 35S::CFL gloxinia lines.
Results showed that the expansion of flower buds of
35S::CFL gloxinia occurred approximately 2 days earlier
than wild type regardless of whether GA; (1 mg 1™") was
added (Fig. 4e, f) or not (Fig. 4a, b). The flower buds of
both wild-type and transgenic plants became red in 8 days,
but the expansion of the flower buds was observed only in
35S::CFL gloxinia (Fig. 4a, b).
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buds (5 mm in size); Pe, petals and St, stamens. (¢) Comparison of
flowering time between wild-type and transgenic plants. Seedlings
were grown to maturity under 16/8 h (day/night). The date of
appearance of the first flower bud was recorded for total 96 transgenic
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transgenic gloxinia opened in 115 days. (e) Comparison of numbers
of inflorescence branches between wild-type and transgenic plants.
Total 96 transgenic and 80 wild-type plants were grown to maturity
under 16/8 h (day/night) for 125 days and inflorescence branches
were counted for each plant

The effect of GA; on the regeneration of floral buds
from sepals in wild-type and 35S::CFL gloxinia lines was
also studied. The term “floral buds” was used for flower
buds regenerated from sepals in vitro to differentiate them
from those developed in gloxinia plants. 35S::CFL gloxinia
lines could regenerate floral buds directly from the surface
of sepals after 8 days without GA; supplement. The floral
buds from the sepals expanded in 17-day culture with
healthy appearance (Fig. 4d). By contrast, the sepals of
wild-type could not regenerate floral buds without GAj3
supplement and senesced in 17-day culture (Fig. 4c). GA;
supplement in the culture medium was essential for the
regeneration of floral buds from the sepals of wild-type.
The minimum concentration of GA; was 1.0 mg 17! or
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Fig. 3 Comparison of flower bud development at four growth stages
between wild-type and 35S::CFL gloxinia. The flower buds of wild-
type were tightly close 15 days after the appearance of flower buds
(a), but the flower buds of 35S::CFL gloxinia opened slightly (b). The
flower buds of wild-type remained green in color and opened slightly
25 days after the appearance of flower buds (c), whereas the flower
buds of 35S::CFL gloxinia plants were green but widely opened (d).
The flower buds of wild-type opened slightly and the petals became
pinkish-red 35 days after the appearance of flower buds (e), while the
petals of 35S::CFL gloxinia flowers spread out with red color and
pistils emerged from the centre of the flower buds (f). Some of the
petals of wild-type spread 45 days after the appearance of flower buds
(g), but all petals of 35S::CFL gloxinia spread out (h)

higher for a flower frequency equivalent to that of trans-
genic CFL (Figs. 5a, 4g, h).

Effect of ABA supplement on development of flower
buds and regeneration of floral buds from sepals

Different ABA concentrations were applied to the culture
medium to investigate ABA effects on the development of
excised flower buds and the regeneration of floral buds
from sepals in wild-type and 35S::CFL gloxinia lines.

The ABA supplement in the culture medium led to the
inhibition of both development of flower buds and regen-
eration of floral buds. Floral tissues in wild-type flowers
lost turgor and became translucent and browning (Fig. 4i).
By contrast, the flowers in 35S::CFL gloxinia lines turned
red and bright although they could not open completely
(Fig. 4j). The flower buds from both wild-type and
35S::CFL gloxinia lines eventually wilted. When sepals
from either 35S::CFL or wild-type were cultured in the
medium supplemented with 20 uM ABA, no floral buds
could be regenerated (Fig. 4k, 1).

Effect of IAA supplement on development of flower
buds and regeneration of floral buds from sepals

IAA supplement was used to treat flower buds and sepals.
The flower buds excised from both wild-type and trans-
genic gloxinia plants expanded and opened partly in the
culture medium supplemented with TAA, but no red color
appeared in the flower buds from both wild-type and
3S::CFL gloxinia (Fig. 4m, n). The regeneration of floral
buds from the sepals was observed only in 35S::CFL
gloxinia lines (Fig. 40, p). The frequency of the regener-
ation of floral buds from the sepals in transgenic gloxinia
was not affected by IAA (Fig. 5b).

Effect of overexpression of CFL on gloxinia
MADS-box genes

To reveal CFL functions in gloxinia, we isolated partial
cDNA fragments of three CFL-targeted genes from glox-
inia, using primers designed based on API, AP3, AG of
Arabidopsis, respectively. These gloxinia cDNAs referred
as to SsAPI-1, SsAP3-1 and SsAG-1, respectively shared a
high similarity with their homologs in tobacco and Ara-
bidopsis (supplemental Fig. 1). Semi-quantitative RT-PCR
showed that these three genes were expressed in the
reproductive organ of wild-type gloxinia with different
spatial and temporal patterns (Fig. 6a). The expression of
SsAP1-1, SsAP3-1 and SsAG-1 was determined in different
stages of flower development ranging from 1 to 55 days
after flower buds emerged. In wild-type, SsAPI-1 was
expressed in young flower buds (day 1-15), but no
expression was observed during later flower development
day 35-55 (Fig. 6a). SsAP3-1 expression was basically
restricted to day 5-15, which was related to the develop-
ment of petals and stamens. SsAG-I was expressed
between day 5 and 45, which suggested that it was related
to the development of stamens and carpels (day 25-35).
The expression of three gloxinia MADS-box genes as
well as CFL was also determined in the flower buds and
sepals of both wild-type and 35S::CFL gloxinia, which
were treated with either GA;, ABA or IAA. CFL was

@ Springer



424

Plant Mol Biol (2008) 67:419-427

flower buds

358::CFL

Control

GA;

ABA

IAA

Fig. 4 Effects of three hormones on development of flower buds and
regeneration of floral buds from sepals. The flower buds of wild-type
expanded and became red after 8-day culture in the flower induction
(FI) medium without either of three hormones, GA;, ABA or IAA (a),
whereas the flower buds of 35S::CFL gloxinia enlarged and became
pinkish-red (b). The sepals of wild-type turned brown and senesced
after 17-day culture in FI medium (c), but floral buds were
regenerated, and expanded from the sepals of 35S::CFL gloxinia
(d). When 1 mg 17" GA; was added to FI medium, flower buds
expanded and turned red in both wild-type (e) and 35S::CFL gloxinia
(f) after 12-day culture. Floral buds were regenerated from the sepals
in both wild-type (g) and 35S::CFL gloxinia (h) in the FI medium
supplemented with 1 mg 17" GA; after 17 day culture. When 20 pM
ABA was added to FI medium, the flower buds of wild-type exhibited

expressed constitutively at a high level in transgenic flower
buds and sepals as expected (Fig. 6b—e). When there was
no hormone supplement in the culture media, the MADS-
box genes (SsAPI-1, SsAP3-1 and SsAG-I) were highly
expressed in the 35S::CFL gloxinia line compared to the
wild type (Fig. 6b). The low transcript levels of three
gloxinia MADS-box genes were observed in the wild-type,
which may be due to the low expression of the endogenous
gloxinia LFY gene (Fig. 6b—e). The treatment of GAj
(1 mg 1”") supplement gradually enhanced the expression
of SsAPI-1 in the flower buds and sepals of wild-type, with
its peak expression at day 8 and then declining from day
12-17 (Fig. 6¢c). However, the level of SsAPI-1 in the
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wild-type

senescence symptoms (i), but the flower buds of 35S::CFL gloxinia
developed normally with red and bright color (j) in 12-day culture.
Floral buds could not be regenerated from the sepals of either wild-
type (k) or 35S::CFL gloxinia (1) in the FI medium supplemented with
20 uM ABA, and showed brown in colour in 17-day culture. When
0.5 mg 1"! TAA was added in FI medium, the flower buds of wild-
type remained tightly closed in 8-day culture in FI medium (m),
whereas the flower buds of 35S::CFL gloxinia enlarged and opened
partly without appearance of red color (n). The sepals of wild-type
showed brown in colour and senescenced in the FI medium
supplemented with 0.5 mg 17" TAA despite of the bottom half of
the sepal remaining green after 20-day culture (0), whereas the floral
buds were regenerated from the sepals of 35S::CFL gloxinia, and
developed with red color in 20-day culture (p)

flower buds and sepals of 35S::CFL gloxinia was sustained
regardless of whether GA; was added or not (Fig. 6¢).
When ABA was added to the culture medium, SsAPI-1
expression in the wild type fell gradually to undetectable
levels in both flower buds and sepals (Fig. 6d). SsAPI-1
expression was inhibited in the flower buds and sepals of
35S::CFL gloxinia, and the inhibition was more in wild-
type (Fig. 6d). The effect of GA; and ABA on the
expression of SsAP3-1 and SsAG-1 in the flower buds and
sepals was similar to SsAPI-1 (Fig. 6¢c, d). IAA had little
impact on the expression of three gloxinia MADS-box
genes in the flower buds and sepals of both wild-type and
35S::CFL gloxinia (Fig. 6e).
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Fig. 5 Effects of GA; and IAA on the regeneration of floral buds
from the sepals of wild-type and 35S::CFL. Different concentrations
of GA; (a) or IAA (b) were supplemented in FI medium. The flower
frequency was calculated based on the numbers of sepals cultured.
The experiments were repeated 3 times

Discussion

Overexpression of CFL promotes early flowering
in gloxinia

CFL was previously suggested to strongly express in pri-
mordia and floral primordia, implying its potential role in
control of flower development (Wang et al. 2004). Here,
we show in gloxinia plants that transgenic 35S::CFL can
result in bushy growth habits as well as fewer branches,
and promote early flowering (approximately 30 days ear-
lier than that of wild type). This observation is quite similar
to the constitutive expression of LFY in Arabidopsis
(Weigel and Nilsson 1995). LFY mutants delay inflores-
cence development and prevent flower production in
Arabidopsis (Schultz and Haughn 1991; Huala and Sussex
1992; Weigel et al. 1992). Constitutive expression of LFY
driven by the CaM V35S promoter attenuates development
of both vegetative and inflorescence phases, leading to the
production of a terminal flower in the primary shoot of
Arabidopsis (Weigel and Nilsson 1995). Our results imply
that CFL acts as a functional homolog of LFY in gloxinia
despite being derived from a species which is distant from
gloxinia in the phylogenetic tree (Soltis et al. 1999).
Cucumber belongs to the order of Cucurbitales, but glox-
inia is in the order of Lamiales (Soltis et al. 1999). Our
results also provide evidence for a broad functional

conservation of LFY-like genes and the regulatory MADS-
box genes downstream of LFY in dicotyledonous plants
(Fig. 6).

Similar effects of both overexpression of CFL and GA;
supplement on flower development in gloxinia

Floral buds were regenerated directly from the sepals of
35S::CFL gloxinia (Fig. 4d), but not the wild type
(Fig. 4c), indicating that the overexpression of CFL is
sufficient for the formation of floral buds for the sepals.
Interestingly, GA; supplement can also lead to the regen-
eration of floral buds from the sepals of the wild type
(Fig. 4g), indicating that GA; treatment and CFL overex-
pression has a similar effect on the regeneration of floral
organs from sepals. In Arabidopsis, LFY expression with a
constitutive promoter induces flowering in a ga/-3 mutant
background (Blazquez et al. 1998), implying that LFY acts
downstream of GAj signaling pathway. LFY plays a role as
the central depot in flower morphogenesis, which posi-
tively or negatively regulates levels or activities of several
flowering-related genes (Parcy et al. 1998; Busch et al.
1999; Wagner et al. 1999; Lamb et al. 2002). Morpho-
logical alterations observed in flower development are not
solely due to the CFL gene, but also other genes such as
MADS-box genes. Our data imply that GAj; is by and large
as effective as CFL overexpression in the induction of
MADS-box genes such as SsAPI-1 in the wild type
(Fig. 6b, c¢). The overexpression of CFL in gloxinia
up-regulates SsAPI-1, SsAP3-1 and SsAG-1 (Fig. 6b), and
therefore leads to the formation of floral organs and early
flowering, suggesting that CFL promotes flowering by the
initiation of floral organs via the interactions of LFY and
MADS-box genes.

ABA inhibits the expression of MADS-box genes

The interplay in flower development between GA and the
expression of LFY as well as MADS-box genes has been
described in Arabidopsis (Cheng et al. 2004; Yu et al.
2004), but the effects of other hormones such as ABA and
TIAA and relevant gene expression on flower development
are still unclear. We investigated the effects of ABA and
IAA on flower development, and the expression of
SsAPI-1, SsAP3-1 and SsAG-1 during flower development
and regeneration of floral buds from sepals. ABA inhib-
ited the expression of three gloxinia MADS-box genes in
the flower buds of both wild-type and 35S::CFL, but had
a little effect on the expression of CFL (Fig. 6d). Con-
sequently, ABA induced senescence of flower buds, while
it inhibited the expansion of flowers and the regeneration
of floral buds from sepals (Fig. 4i-1). The results suggest
that the inhibition of ABA on flower development may be
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Fig. 6 Transcript levels of
SsAP1-1, SsAP3-1, SSAG—1 in
flower buds and sepals treated
with different hormones (a)
Expression of SsAPI-1, SsAP3-1,
SsAG-1 and SsActin-1 (control
gene) in the flower buds of
wild-type collected at different
days. The flower buds and sepals
of wild-type (W) and 35S::CFL
gloxinia (T) were cultured in the
FI medium supplemented with
either 1.0 mg 1! GA; (o),

20 pM ABA (d) or 0.5 mg 1!
TIAA (e). Total RNA was isolated
from different flower tissues, and
semi-quantitative RT-PCR were
performed and repeated for three
times. Representative results are
presented
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partly due to its down-regulation of three gloxinia
MADS-box genes. IAA has been shown to be active in
flower primordia at the early stage of flower buds and
promote outgrowth of flower buds (Benkova et al. 2003;
Reinhardt et al. 2003). However, our results showed that
IAA had a little effect on the expression CFL and three
MADS-box genes (Fig. 6e) and the regeneration of floral
buds from the sepals of wild-type (Figs. 40, 5b), but the
inhibition of formation of red color in the flower buds
(Fig. 4m, n). These results suggest that IAA is unlikely to
be directly involved in the regulation of LFY homologs
and their downstream genes in flower initiation.
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