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Overexpression of the repressor gene PvFRI-L from Phyllostachys
violascens delays flowering time in transgenic Arabidopsis thaliana
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Abstract

The gene FRIGIDA (FRI) is floral repressor and plays a key role in the timing of Arabidopsis flowering. To study the
function of FRI-like genes in bamboo, we isolated a FRI family gene from bamboo Phyllostachys violascens and named
it PvFRI-L. Sequence alignment and phylogenetic analysis show that the PvFRI-L protein belongs to the FRL3 (III)
subfamily from monocots and contains a conserved FRIGIDA domain. PvFRI-L was located in the nucleus of onion
epidermal cells. PvFRI-L was expressed in all tested organs of flowering and non-flowering bamboo plants with a
higher expression in non-flowering than in flowering plants. Overexpression of PvFRI-L in Arabidopsis caused late
flowering by downregulating flowering locus T and upregulating flowering locus C. A P-box, the binding site involved
in gibberellin response, was found only in the promoter region of PvFRI-L but not in that of FRI. Furthermore, PvFRI-L
expression in the leaves of Ph. violascens seedlings was downregulated with gibberellic acid treatment. Taking
together, our observation suggests that PvFRI-L may be flowering repressor and its delaying floral timing may be
regulated by gibberellic acid in bamboo.
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Introduction

Flowering bamboo differs from many other plants as it is
hard to predict flowering time. It may take up to
120 years to bloom but it could occur next month.
Moreover, bamboo dies after flowering (Janzen 1976).
Very often, bamboo has a long vegetative phase,
however, it can be induced to flower under stress
conditions such as a high irradiance or drought (Gielis
et al. 1997, Franklin 2004). Although it is poorly
understood what genes dominate bamboo flowering, it is
well known that in the model plant Arabidopsis thaliana
floral repressors play important roles in flowering time by
preventing reproductive development (Roux et al. 2006,
Yant et al. 2009). It is suspected that bamboo may have
homologous repressors to inhibit precocious flowering,
unless it is influenced by an environmental stress (Gielis

et al. 1997, Franklin 2004).

Arabidopsis contains at least 20 repressors, among
them FRIGIDA (FRI) has received a wide attention
(Yaron et al. 1998, Yant et al. 2009, Jarillo and Pineiro
2011). The FRI encodes a 609 amino acid protein with a
coiled-coil domain (Johanson et al. 2000, Michaels et al.
2004). It delays flowering time by increasing the
expression of flowering locus C (FLC), which acts as
floral repressor as well (Michaels and Amasino 1999,
Shindo et al. 2005). The FRIGIDA superfamily contains
plant proteins that are similar to the FRIGIDA protein
expressed in Arabidopsis. It has five distinct FRI
subfamilies including FRI (I), FRL1/2 (II), FRL3 (III),
FRL4/4a/4b (IV), and FRLS (V) (Risk et al. 2010). FRLI
and FRL2 have redundant roles in promoting FLC
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expression in the presence of FRI (Michaels et al. 2004).
FRL1 is functional in Arabidopsis cv. Columbia, and
FRL2 in cv. Landsberg erecta (Schlapi 2006). However,
the roles of other FR/ subfamilies remain unclear.

Studies of FRI family members have been focused on
dicotyledon plants, dominantly on Arabidopsis and with a
less attention on Thellungiella halophila, Brassica
oleracea, and Medicago sativa (Fang et al. 2008, Irwin
et al. 2012, Chao et al. 2013). These studies show that the
heterologous expression of FRI-like genes causes late
flowering in Arabidopsis, and these genes demonstrate a
conserved function as repressor of flowering time in
eudicots. However, the FRI family genes in monocots are
only annotated (in the NCBI database), and their actual

Materials and methods

Plants: Bamboo (Phyllostachys violascens Riviére,
Poaceae: Bambusoideae) plants were grown in the
Bamboo Garden of the Zhejiang A&F University.
Arabidopsis thaliana L. cv. Columbia (Col) was used for
plant transformation to investigate the function of
PvFRI-L. Wild type (WT) and transgenic plants were
cultivated under a 16-h photoperiod, an irradiance of
200 umol m™ s™, day/night temperatures of 22/18 °C, and
an air humidity of 60 %.

Isolation of PvFRI-L and its promoter: The total RNA
was isolated from leaves using the RNAiso plus kit
(TaKaRa, Dalian, China) according to the manufacturer’s
instructions. The first-strand cDNA was synthesized with
the use of reverse transcriptase M-MLV (TaKaRa). The
DNA was acquired by the cetyltrimethyl ammonium
bromide (CTAB) method (Doyle and Doyle 1987). The
full-length open reading frame (ORF) of the PvFRI-L
gene and its promoter were amplified by PCR with
primers (Table 1) designed by using the Ph. edulis
transcriptome database (Peng et al. 2013). The amplified
fragments were separated by electrophoresis on a 1 %
(m/v) agarose gel and stained with ethidium bromide.
Primers were designed by using Vector NTI and
Premier Primer 5. Related proteins were obtained by a
BLAST search of the NCBI database. Phylogenetic
analysis involved the neighbor-joinning method in MEGA
5.0 with bootstrap values from 1000 replications
(Tamura et al. 2011). The software ProtParam from
ExPASy (http: //exPasy. org) was used to analyze physical
and chemical properties of the protein. The subcellular
location of the protein was predicted by using WoLF
PSORT (http://www.genscript.com/psort/wolf psort.html).
The cis-acting regulatory elements in the promoter were
predicted by using PlantCARE data (Lescot et al. 2002).

Expression analysis of PvFRI-L: The total RNA was

extracted from different tissues of the flowering and non-
flowering plants. Real time qPCR primers were designed
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physiological functions largely remain to be evaluated.
Furthermore, it is unclear whether the FRI family
members are homologous between monocots and dicots
in the aspect of regulating flowering.

To explore a possible role of the bamboo FRI family
genes in flowering, we isolated a FR/ family gene from
Phyllostachys violascens named PvFRI-L. It belongs to
the FRL3 (III) subfamily. We characterized the gene and
determined its expression pattern in flowering and non-
flowering bamboo. Furthermore, the PvFRI-L function
was determined by overexpressing it into wild-type
Arabidopsis. All of our results would provide valuable
information for understanding the molecular mechanism
in bamboo flowering.

on the basis of the PvFRI-L full-length ORF, with
PheUBCI18 as internal control gene (Qi et al. 2013,
Table 1). Amplification by PCR was conducted using the
CFX96TM real-time PCR detection system (Bio-Rad,
Hercules, USA). A 2x ComSYBR qPCR mix was used as
reference. The amplification procedure was 95 °C for
3 min followed by 40 cycles of amplication (95 °C for
10 s, 55 °C for 20 s, and 72 °C for 20 s). The reactions
were performed in 0.02 cm’ of mixtures consisting of
0.01 cm’® of a 2x ComSYBR qPCR mix, 0.0005 cm® of
each forward or reverse primer (Table 1), 0.001 ¢cm® of a
cDNA template, and 0.008 cm® of double distilled H,O.
The data were analyzed by the 2*“* method (Livak and
Schmittgen 2001).

Subcellular location of PvFRI-L: The full-length
coding sequence of PvFRI-L was cloned into the CaMV
35S5-GFP vector. The PvFRI-L terminator codon (TAG)
was not included, allowing the system to generate a
PvFRI-L-GFP fusion protein for investigating subcellular
location in onion epidermal cells. The particle
bombardment method was adopted for transient
expression assays (Wang et al. 1988). The onion
epidermal cells were visualized and recorded by confocal
laser scanning microscopy (LSM510, Zeiss, Germany).

Binary plasmid construction and analysis of
transgenic plants: For transgenic expression experi-
ments, the full-length ORF of the PvFRI-L gene was
linked with the pC7301 vector to form a binary plasmid
358::PvFRI-L. To generate transgenic Arabidopsis plants,
the Agrobacterium tumefaciens L. strain GV3101
transformed with the plasmid 35S::PvFRI-L was used to
infect Arabidopsis by the floral dip method (Clough and
Bent 1998). The transformed Arabidopsis seeds were
selected on a half strength Murashige and Skoog solid
medium containing 50 pg cm” kanamycin. Positive
transgenic plants were confirmed by genomic PCR. The
total number of rosette leaves from 70 plants was



measured in the T, generation to determine flowering
time. The expressions of flowering locus T (FT) and
flowering locus C (FLC) genes in the transgenic plants in
three T, lines and WT plants were analyzed by real time
qPCR with gene-specific primers (Table 1). A SAND
family gene (including Spl00, AIRE-1, NucP41/75, and
DEAF-1 genes) (TAIR ID: AT2G28390) was used as
control (Udvardi et al. 2008, Hong et al. 2010). A
2x ComSYBR qPCR mix was used for amplification
under the following steps of 95 °C for 3 min followed by
40 cycles of amplification (95 °C for 10 s, 60 °C for 20 s,
and 72 °C for 20 s). The reaction products were analyzed
and used as the indicator of PvFRI-L expression.

Prokaryotic expression and purification of PvFRI-L:
A pair of primers was designed according to the
sequences of the PvFRI-L gene and the pMal-c2X vector
that is tagged with the maltose binding protein (MBP)
sequence (Table 1). The plasmid was used as template for
PCR reaction and the amplified fragment was purified
using a DNA gel extraction kit. The purified PCR product
was digested with restriction enzymes BamHI and Sall
for 6 h, then ligated into the pMal-c2X vector with T4
DNA ligase to construct a recombinant plasmid PvFRI-L-
MBP. The positive PvFRI-L-MBP plasmid was trans-
formed into Transetta (DE3) Escherichia coli cells.

The positive transformation colonies were cultured
overnight at 37 °C in Luria-Bertani (LB) media
containing 50 pg cm” ampicillin. The bacteria were
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further inoculated into 20 cm’ of the fresh LB with a
100 fold dilution. When absorbance at 600 nm reached
04 - 0.6, the culture was divided into four parts.
Isopropyl-thiogalactoside (IPTG) was then added to each
of the three parts with a final concentration of 400 puM,
leaving one part as control. To optimize expression
conditions, the bacteria were induced under 37 and 20 °C
for 5 and 12 h, respectively. The cells were collected by
centrifugation, and then lysed by sonication (on/off 8/6 s
with a 20 % of power). All samples were detected by
12 % (m/v) SDS-PAGE.

Next, the PvFRI-L-MBP fusion protein was purified
from the supernatant by using a dextrin sepharose high
performance medium according to the manufacturer’s
instructions, and the eluent was collected and analyzed by
SDS-PAGE.

Treatment with gibberellic acid: Ph. violascens
seedlings were produced by asexual reproduction and
grown in a greenhouse. A gibberellic acid stock was
prepared in 95 % ethanol with a final concentration of
0.4 g dm™. Treatments with GA included spraying leaves
of the seedlings with a GA solution [0.04 g dm™ GA,
0.02 % (v/v) Silwett-77] once a day for 10 consecutive
days. Water was used as mock solution. The treatment was
performed with two biological replicates. After completion
of the assays, the total RNA was extracted from leaves and
used for detection of PvFRI-L expression.

Table 1. Oligonucleotide sequences used for expression analysis and cloning in this study.

Genes encoding Sequence (5°—3’) Purpose

PvFRI-L F: ATGGCGACGGAAGCTACTGTT cloning
R: CTATGGTTGCTGGGAAGGGTGGTGA

PvFRI-L F: GGATCCATGGCGACGGAAGCTACTGTT prokaryotic expression
R: GTCGACCTATGGTTGCTGGGAAGGGTGGTGA

PvFRI-L F: CTCCTCGTCTCCTTCCCGAA real time gPCR
R: GTCCGTTGCTGTAAATGTGTGG

FLC F: GAGAATAATCATCATGTGGGAGC real time gPCR
R: CAACCGCCGATTTAAGGTGG

FT F: AGGCCTTCTCAGGTTCAAAACAAGC real time gPCR
R: TGCCAAAGGTTGTTCCAGTTGTAGC

PheUBC18 F: CTCCTCGTCTCCTTCCCGAA real time qPCR
R: GTCCGTTGCTGTAAATGTGTGG

SAND family protein F: CAGACAAGGCGATGGCGATA real time gPCR
R: GCTTTCTCTCAAGGGTTTCTGGGT

Results

The full length of PvFRI-L contained 1842 bp that
encoded a protein of 613 amino acids with a theoretical
pl value of 6.51, and a molecular mass of 67.3 kDa.
Sequence comparison of the putative PvFRI-L protein
with these obtained from the NCBI database revealed a

conserved FRIGIDA domain between 165 and 467 amino
acids (Fig. 1 Suppl.). Phylogenetic analysis of the
PvFRI-L protein and its orthologs shows that it was
highly homologous to FRI-like proteins from the grass
family such as Brachypodium distachyon, Setaria italica,
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and Oryza brachyantha (Fig. 1). This classifies PvFRI-L
as member of the FRL3 (III) subfamily as other FRI-like
proteins belong to the group.

The transcripts of PvFRI-L were detected in all
examined tissues including leaves (young and mature),
culms, flowers, shoots, and rhizomes of flowering and
non-flowering Ph. violascens (Fig. 2). PvFRI-L
expression was significantly lower in leaves (young and

mature), shoots, and rhizomes of flowering than of non-
flowering plants, with no difference in culms. In the
flowering plants, PvFRI-L expression was highest in
flowers and lowest in young leaves. In the non-flowering
plants, PvFRI-L expression was highest in shoot and
lowest in young leaves and rhizome.

To characterize the expression pattern of PvFRI-L, its
promoter sequence was analyzed and compared with that

oo hypothetical protein / Aegilops tauschii (EMT11233)

1
97 [ hypothetical protein / Triticum urartu (EMS51150)

511 L FRIGIDA-like protein 3 / Brachypodium distachyon (XP 003562780)

35 PvERI-L / Phyllostachys violascens

100

100

FRIGIDA-like protein 3 / Setaria italica (XP 004958191)
100 uncharacterized protein / Zea mays (NP 001130881)
FRIGIDA-like protein 3-like / Oryza brachyantha (XP 006657905)
FRIGIDA-like protein 3 / Elaeis guineensis (XP 010939086)
4100(_— FRIGIDA-like protein 3 / Phoenix dactylifera (XP 008790629)
FRIGIDA-like protein 3 / Amborella trichopoda (XP 006829297)

100 FRIGIDA-like protein 3 / Malus domestica (XP 008343464)
FRIGIDA-like protein 3 / Prunus mume (XP 008238516)

100 FRIGIDA-like protein 3 / Vitis vinifera (XP 002283922)

43 _|:FRIGIDA-er protein 3 / Jatropha curcas (XP 012079338)
99

FRIGIDA-like protein 3 / Populus euphratica (XP 011008572)

0.1

Fig. 1. The phylogenetic analysis of the PvFRI-L protein. A phylogenetic tree was generated by using MEGAS5.0. Bootstrap values

are provided to indicate reliability at each node.
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Fig. 2. The relative expression levels of PvFRI-L in different tissues of flowering and non-flowering Phyllostachys violascens. Data

are means + SDs from three biological replicates.
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ATGACTCCATTTTTTTTTGGGACTGATGACTCCATCTACATCACCATCACAAGCTCTTGCACGGGCC
TATA-box CAAT-box
GATTCTATAGGGCACATGCACCGTCACCTCCCAAATAAGGACCAACTTCACTGCAACTGGTCTGTC
CTGCGTAGACGGTCTGGGCCGTCTCGCAAGGCTCGAATTATCCTTGTTGGGCTGGGCCGAAGTGA
TATA-box CAAT-box
ACGTGGCACCATCACTATCAGTCTTTACCACACGATTCCCCACTATACGACCGTTCGATGACAATC
CAACGGCGAGGATCCCTCGTGACCTTTGCCCCCAAGAGGATTAGGGTCCATCCGAGCCTGTCCCT
GCCCTAATCCCCCACCTCTCTGATCTCTCCGCTCCCACCGTCTAGCCTCGCCTCGCCTCGCCTCG
ACGCGCCCCGTTCGCCGCCGCCTGCCGGCGAGGATTCCTCTCCGCCGTAGCCTCCGCACGGTAT
TATA-box
CCTCTTGCGCGCTACCCCCTCAACCGCCTTTAGCGATTAATATTCTAGTCGGATTCGCTGCTGTTCC
GC-motif
TTCTACTACGTTCTGGATTAACTCGTGGTATCTAGAGAGTGCATCCCCCGATCCTCGTAGTTTTAGA
TATA-box CAAT-box
TGGCTAGTTTGGATAAAGTTCGGGTCTTTATCTAGCACAATTTCGTGCCCTCGAGTGACTGAGAATT
TATA-box
CGAGTTTTTGTGTATAAAGATAGAAGGATGGCATCACTGGCAGCGTATGATTGTTTGCATCGAATTG
TATA-box
GATTTATCTTCGTTGGTGTGGCAGTATAGGATTAATTTGGGTATCCTCAGAGGTGCCGTTTGTATGAT
CAAT-box
TTAACTGATTGTGTTTGGATTGGGGGGGGGGGGTGTTGCGGATCTTGCTGCCATTTAGAACAATCG
CAAT-box
GCTTGCCCGCAATGGAAGAAATTTAAGATGCCTAATTTGGTCCCTGCACTCGTACTGCTATGTCTG
GA-motif
GATGAAAAATAGATAATTTTGCAAACTTTCTTAGCATCAGCCTTTTCCTCTTTGTTCTTAGCGGGTGA
TGCTGAATTAACTCTAAAATGCCACCACAGTTCGGTAAAAGGGGGAATATGTTATTTTCCTCCACTG
CAAT-box TATA-box
CCAAAACCTGAAATTATGAAGAGTGAACAATATCAAGGGGGGTTGGTGTGATTGTCACCTTTTATT
CAAT-box
ATTGTGATTACCATCTGCTCTGCTAGGATTTATCACACGATTTTTCCAATGGATACTCAGTACGATTA
CATCTCGGAGAAGCCGAACAGGATCTTAGTGTTTTCTTTTGGGTACCATATTCGTTCTGAACTTTTC

P-box G-box
CTCTTTTTTTTTTTTCCCCGTCTTCACTGGACCTTTTGTTTGTACTTTGTCATGTGGTATTTGTGACTT
CAAT-box CAAT-box
CTTTATTTGTTATCGCTTTCTATTTCGAACTGACAATACATTCTGCAGACAGCAATACAGCATACTAC
TATA-box
TTATGCATGATTAATTCCTCTGCCATAATTCATAAAACTTAGGGCATTTTAGATGCTCGGATCTAATC
Start codon

CTGTATCTCTTACAGGTTGTCGTT TGTCGTTGTTTTGGTTGCAAAATG

Fig. 3. A partial sequence of the promoter from PvFRI-L. The gray colour indicates specific elements of the promoter.

of FRI from Arabidopsis. A 1 500-bp fragment upstream
of the start codon of the PvFRI-L gene was amplified, and
a 1 500-bp promoter sequence of FRI was obtained from
the NCBI database. Sequence alignment reveals that the
two promoters shared a 36.06 % similarity. To investigate
potential regulatory cis-acting elements, we characterized
the promoter sequences using PlantCARE (Fig. 3). Both
the promoters exhibited typical TATA-box and CAAT-
box core elements. Other elements were also found such
as those associated with a light response and hormones:

Box4, G-Box, GAG- motif, TCA-motif, or TGA-motif
(Table S1). However, P-box, 4cl-CMA2b, AC-I, AC-II,
ATCT-motif, AUXRR-core, L-box, MNF1, MSA-like,
and Spl were found to exist only in the PvFRI-L
promoter (Table 1 Suppl.).

To determine the subcellular location of the PvFRI-L
protein, we adopted the particle bombardment method.
The green fluorescent protein (GFP) was used as marker
in the in vivo targeting experiment. As shown in Fig. 4,
the fusion protein PvFRI-L-GFP was localized in the
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nucleus of the onion epidermal cells, whereas the control
GFP was uniformly distributed in the whole onion cell.
We overexpressed PvFRI-L under the control of the
CaMV 358 promoter in Arabidopsis (WT) to determine
its function. A total of 70 independent transgenic lines
were generated and their phenotypes were analyzed in the
T, generation. The 35S::PvFRI-L Arabidopsis plants

A

UV radiation

visible radiation

showed a late flowering phenotype (Fig. 54,B.F). We
further investigated expression of the floral integrators FT'
and FLC in four independent T, plants and found an
increased transcription of FLC in the transgenic lines
(P < 0.05), with a significantly decreased F'T expression
as compared to WT Arabidopsis (Fig. 5C,D).

PvFRI-L protein solubility was analyzed using a

Fig. 4. The subcellular location of PvFRI-L in onion epidermal cells. 4 - Fluorescence of the control green fluorescent protein (GFP)
plasmid is distributed throughout the cell; B - Fluorescence of the PvFRI-L-GFP fusion plasmid is strongly detected in the nucleus.

Bar =100 pm.

prokaryotic expression system. Although the expressions
of PvFRI-L at 37 and 20 °C were equally high, the active
fusion protein could be obtained only in the culture
grown at 20 °C (Fig. 64). The fusion protein had a
molecular mass of 109.3 kDa and consitituted a 67.3 kDa

Discussion

In Arabidopsis, FRI acts as repressor and plays a key role
in regulating flowering time. We cloned a gene from Ph.
violascens named PvFRI-L. The protein was sorted into
the FRIGIDA family for containing a FRIGIDA core
domain. Phylogenetic analysis reveals that PvFRI-L is
closely related to the FRI-like protein from the grass
family and belongs to the FRL3 (III) subfamily. PvFRI-L
was located in the nucleus similarly as Arabidopsis FRI
(Hu et al. 2014). In Arabidopsis, FRI controls flowering
time by regulating FLC and FT, either directly or
indirectly. In the current study, the 35S::PvFRI-L
transgenic Arabidopsis showed a phenotype of a delayed
flowering time. Relative to the WT plants, expression of
FLC was upregulated, whereas FT expression was

406

PvFRI-L protein and 42 kDa tag protein. The soluble
PvFRI-L-MBP fusion protein was purified with a dextrin
sepharose high performance (Fig. 6B) medium. The
protein sequence was further verified by MALDI-
TOF/TOF (data not shown).

downregulated in the transgenic plants. These
observations agree with previous findings for many
FRI-like genes (Fang et al. 2008, Irwin ef al. 2012, Chao
et al. 2013). Therefore, we propose that PvFRI-L delays
flowering time by regulating F7 and FLC in transgenic
Arabidopsis, either directly or indirectly. Our data further
suggest that PvFRI-L is conserved in gene sequence,
tissue expression pattern, and physiological function with
many reported FRI-like genes in dicots. Thus, PvFRI-L
might also bean important repressor of bamboo
flowering.

The members of FR/ subfamilies I and II are found in
dicots but not in monocots (Risk et al. 2010). Our results
suggest that monocot PvFRI-L has a functional homolog



with FRI-like genes of the FRI (I) subfamily in dicots. It
is possible that the functions of FRL3 (III) subfamily
genes in monocots are similar to FRI (I) subfamily genes
in dicots. Although this remains to be evaluated, the
similarities and differences in FRI family members
between monocots and dicots might result from
evolutional divergence.

EXPRESSION OF FRI GENE DELAYS FLOWERING TIME

PvFRI-L was widely expressed in different tissues of
Ph. violascens, similarly to reported FRI-like genes in
dicots (Risk et al. 2010, Irwin 2012; Fig. 2). In the
flowering plants, PvFRI-L expression was highest in
flowers, whereas other FRI-like genes were expressed at
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Fig. 5. Differences between transgenic plants and wild type (WT) Arabidopsis thaliana. A - Days to flowering for T, 35S::PvFRI-L
transgenic Arabidopsis plants and WT plants grown under long-day conditions (n = 70); B - the number of rosette leaves in

T, 358::PvFRI-L transgenic and WT plants (n = 70); C,D - the relative expressions of FLC and FT genes

in 358::PvFRI-L

transgenic and WT plants (n = 3); E - a delayed flowering phenotype of PvFRI-L transgenic plants in comparison with WT plants.
Means + SDs, * and ** indicate significant differences at P < 0.05 and P < 0.01, respectively.

a low level in flowers. To elucidate whether the
differential expression patterns of PvFRI-L and FRI were
associated with regulation of their promoters, we
analyzed the promoter sequences of PvFRI-L and FRI. It
is known that cis-acting regulatory elements are
important molecular switches and are involved in
transcriptional regulation of gene activities controlling
various biological processes in response to environmental
stresses (Yamaguchi and Shinozaki 2006). There are
many cis-acting elements in the promoter sequences of
PvFRI-L and FRI (Table 1 Suppl.). Notably, the P-box, a
gibberellin-responsive element, was found only in the
promoter of PvFRI-L (Table 1 Suppl.). To determine
whether GA affected PvFRI-L expression, the

Ph. violascens plants were treated with GA. The mRNA
level of PvFRI-L in leaves was significantly lower under
the GA than mock treatment (Fig. 2 Suppl.). This result
suggests that GA downregulated PvFRI-L expression via
its promoter. Since a low concentration of GA is
beneficial for flower bud differentiation of Ph. violascens
(Lu et al. 2012), it may affect bamboo flowering by
regulating PvFRI-L expression.

As important repressor in Arabidopsis, FRI responses
to vernalization via regulating FLC (Clarke and Dean
1994, Michaels and Amasino 1999). Ectopic expression
of PvFRI-L led to late flowering by mediating FLC
expression in Arabidopsis. However, no FLC orthologs
were found in monocots (Martin 2005), and bamboo
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flowering may not have a vernalization requirement (Lin
et al. 2010). PvFRI-L may play a role in regulating
bamboo flowering through a specific pathway such as the
GA pathway. This could explain in part why bamboo
flowering is different from many other plants.

The full-length FRI and FRL1 proteins are insoluble
when expressed in the E.coli system. However, a soluble
protein can be expressed when the N- or C- terminal
residues are deleted (Risk et al. 2010). But, this may

Pl 0 P,
el E

o

impact subsequent functional and structural studies. Here,
we report a strategy for expression of the soluble full-
length protein. The protein was first fused with an MBP-
tag in its N-terminus by using the prokaryotic expression
vector pMAL-c2X and then expressed in E. coli Transetta
(DE3) cells. Further successful purification of PvFRI-L
would allow an in vitro functional and structural analyses
possible.
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Fig. 6. The prokaryotic expression and purification of PvFRI-L. 4 - SDS-PAGE of the PvFRI-L-pHTT fusion protein in Transetta
(DE3) E. coli cells. M: marker; lanes 1, 3, 5, 7: supernatant; lanes 2, 4, 6, 8: precipitation; lanes 1, 2: induced at 37 °C with
isopropyl-thiogalactoside (IPTG); lanes 3, 4: cells grown at 37 °C without IPTG; lanes 5, 6: induced with IPTG at 20 °C; lanes 7, 8:
cells grown at 20 °C without IPTG; B - lane 1: uninduced; /ane 2: supernantant after induction; lane 3: pellet after induction; lane 4:
purified PvFRI-L-MBP fusion protein by a dextrin sepharose high performance medium. The arrows indicate the location of the

PvFRI-L-MBP fusion protein.

In summary, our results indicate that the structure,
expression, and function of PvFRI-L are evolutionarily
conserved between bamboo and eudicots. PvFRI-L may
be important floral repressor in regulating bamboo
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