
CRES-T is a recently developed powerful technology
that induces a loss-of-function phenotype of plant TFs by
expression of a chimeric repressor in which a TF is fused
with the strong transcriptional repression domain, SRDX
(Hiratsu et al. 2003). The chimeric repressor dominantly
represses the expression of target genes even in the
presence of endogenous and functionally redundant TFs

(Hiratsu et al. 2003; Mitsuda and Ohme-Takagi 2009 and
references therein). We have shown that a chimeric
repressor, constructed with a TF derived from the model
plant Arabidopsis thaliana, often worked efficiently in
other plant species without any modification (Gion et al.
2011; Tanaka et al. 2011; Shikata et al. 2011). These
advantages have prompted us to apply CRES-T to
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Abstract FioreDB (http://www.cres-t.org/fiore/public_db/) is a database of phenotypes induced by Chimeric REpressor
gene-Silencing Technology (CRES-T) in ornamental and model plants. CRES-T induces a loss-of-function phenotype of a
transcription factor (TF) gene by expression of a chimeric repressor produced by fusion of a TF to the strong transcriptional
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the new FioreDB that provides more than 300 phenotypic information of various plants, linked to more than 100 TFs.
FioreDB also provides information about classification of TFs, putative repression motifs found in TFs and other proteins,
and incorporates publicly available gene information such as sequences and microarray data for all Arabidopsis genes. The
new FioreDB described here, will be a valuable resource for basic research of TFs and for the manipulation of traits of
agronomically important plants by CRES-T, especially from the point of view of horticulture.
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agronomically important crops and ornamental plants
with high chromosome ploidy and limited gene
information that often hamper us from generating loss-
of-function mutants. FioreDB is a database that was
created to provide phenotypic information induced 
by CRES-T in various ornamental plants including
torenia, chrysanthemum, cyclamen, gentian, morning
glory, lisianthus and a model plant Arabidopsis (Mitsuda 
et al. 2008, http://www.cres-t.org/fiore/public_db/). The
phenotypic information was accumulated from more
than 100 kinds of transgenic plants that express chimeric
repressors of different Arabidopsis TFs (Mitsuda et al.
2008). However, the link between gene information and
phenotypic information was not provided in the earlier
version of FioreDB. We have now developed a new
FioreDB database that provides information on more
than 300 phenotypes, which newly include that of rose
and carnation, by application of CRES-T for more than
100 TFs. The new FioreDB is available through a simple
web-based interface that provides easy access to
information about TFs that induce phenotype of interest
by applying CRES-T. FioreDB also provides information
on TF classification based on our original criteria along
with details of the transcriptional repression domain
found in Arabidopsis proteins including proteins that are
not TFs. In addition, FioreDB contains information on
all Arabidopsis genes, including sequences and microarray
data from the Arabidopsis Information Resource (TAIR)
(http://www.arabidopsis.org/, Swarbreck et al. 2008) and
other web sites. The new FioreDB will contribute to
basic research of plant TFs and to the manipulation of
traits of agronomically important plants using CRES-T,
especially from the point of view of horticulture.

Materials and methods
The data and software implemented in FioreDB
All sequence data (coding sequences and genomic sequences)
for Arabidopsis thaliana that is stored in FioreDB was
downloaded from TAIR (TAIR9) (http://www.arabidopsis.org/,
Swarbreck et al. 2008). Gene sequences and their flanking
regions were excised from the genome sequence using an
original Perl script (http://www.perl.org/). We redefined 1,906
genes and classified them into 48 different TF families based
on our analysis of how they were represented in four different
TF databases (RARTF, Iida et al. 2005; AtTFDB, Davuluri et
al. 2003; PlnTFDB, Riano-Pachon et al. 2007; DATF, Guo et al.
2005) (Table S1). The conserved domain of each family was
identified by HMMER3 (http://hmmer.org/) and manual curation.
The amino-acid sequences were aligned using MAFFT (Katoh
et al. 2002; Katoh and Toh 2008) with the default settings and
modified for clarity using BOXSHADE software (http://www.
ch.embnet.org/software/BOX_doc.html). Phylogenetic trees were
constructed by the Neighbor-Joining method (Saitou and Nei
1987) and the reliability of clusters was measured by the
bootstrap test (1000 replicates) (Felsenstein 1985) with

ClustalW software (Chenna et al. 2003). Sequence data for rice
(Itoh et al. 2007; Tanaka et al. 2008) was downloaded from the
Rice Annotation Project Database (RAP-DB) (http://rapdb.dna.
affrc.go.jp/), and the data for poplar (Tuskan et al. 2006),
sorghum (Paterson et al. 2009), soybean (Schmutz et al. 2010)
and Physcomitrella (Rensing et al. 2008) was obtained from
Phytozome (http://www.phytozome.net/). Putative orthologs of
the Arabidopsis genes in these plants were identified by a
BLAST-based method. Using the Arabidopsis gene as the
original query for the BLAST search against the data set of
each plant, the top-hit gene for each plant that reversely top-hit
the original query gene (mutual top-hit) was defined as a class I
ortholog. A class I ortholog with a BLAST Score Ratio (BSR)
(Rasko et al. 2005) �0.4 was defined as class Ia and the
remaining class I orthologs (BSR �0.4) were defined as class
Ib. The top-hit genes in each plant that did not reversely top-hit
to the original query or non top-hit genes which top-hit back to
the original query with BSRs �0.4 were defined as class II
orthologs. Other genes with BSRs �0.4 were defined as class
III orthologs. Putative repression domains represented by
“(F/L/I/M)DL(D/E/N/Q/R)X1-3P”, “(non-hydrophobic)L(non-
hydrophobic)L(non-hydrophobic)L”, “(K/R)LFGV”, “LLLFR”
or “TLXLF(P/R)” were searched for using an original Perl
script (Hiratsu et al. 2004; Ikeda et al. 2009; Ikeda and Ohme-
Takagi 2009; Matsui et al. 2008; Mitsuda and Ohme-Takagi
2009). X1-3 represents 1 to 3 residues of any amino acid and
non-hydrophobic represents an A, R, N, D, C, Q, E, G, H, K,
M, S or T residue. Development series (Schmid et al. 2005),
abiotic-stress series (Kilian et al. 2007), light series, pathogen
series and tiling array series (Laubinger et al. 2008; Zeller et al.
2009) microarray data were downloaded from the Weigel World
web site (http://www.weigelworld.org/). Diurnal microarray data
(Michael et al. 2008; Mockler et al. 2007) was downloaded
from ArrayExpress (Accession Number: E-MEXP-1304, http://
www.ebi.ac.uk/arrayexpress/, Parkinson et al. 2009). All other
microarray data were downloaded from the AtGenExpressJPN
web site (http://igrt0.psc.riken.jp/, Goda et al. 2008). All CGIs
for FioreDB were written in Perl and run on an Apache web
server (http://www.apache.org/) with the MySQL database
system (http://www.mysql.com/).

Results and discussion

The new home page of FioreDB
The home page of the new FioreDB (http://www.cres-
t.org/fiore/public_db/) has been updated in three main
ways. First, a keyword search box has been provided
(Figure 1A). Users can, for example, search for
Arabidopsis genes using a keyword such as a common
gene name (e.g. AGAMOUS or AG) or an AGI gene
code (e.g. AT4G18960). The detailed gene information is
displayed on a new page with phenotype if the data exists
(see later section). Gene information were not provided
by “Search by Phenotype” and “Browse Constructs” in
the older version of FioreDB, but the new FioreDB
provides actual information regarding the precise gene
name that induces the phenotype of interest (see later
section). Second, newly classified TF families are shown
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at the bottom of the home page (Figure 1A) and
hyperlinked so that users can browse the phylogenetic
tree of each of the TF families by clicking the TF family
name (see later section). The new FioreDB also has a
role of TF database. Third, the top banner shows a
randomly selected photograph of a plant with a
phenotype induced by CRES-T instead of the wild-type
flowers of various plants shown in the previous version
of FioreDB (Figure 1A). This banner appears on every
page of the FioreDB and by clicking on it, the user can
browse detailed information about the gene that induces
the phenotype on the linked page.

Finding a TF that induces a phenotype of 
interest
Users can search for the TF that induces a phenotype
caused by CRES-T by clicking on the “Search by
Phenotype” hyperlink in the home page. Users can select
phenotypes of interest from the list containing 80 kinds
of phenotypes (Figure 1B) (Mitsuda et al. 2008). We
adopted two strategies to generate transgenic plants; the
individual project and the bulk project. In the individual
project, we made multiple transgenic plants by
transforming each gene construct one by one. In the bulk
project, mixtures of 40 to 60 gene constructs were
transformed into Arabidopsis and torenia and several
hundred transgenic plants were cultivated to identify, in
an efficient manner, TFs that induce intriguing
phenotypes (Mitsuda et al. 2008; Shikata et al. 2011). In
Arabidopsis, mixtures of T1 transgenic seeds for the
more than 1,500 TFs that were prepared one by one in
the individual project, were grown on a large scale (more
than 10,000 plants) (Mitsuda et al. 2008). In torenia, two
different mixtures of gene constructs for around 50 TF
genes that were expected to induce, with high efficiency,
phenotypic changes in flower were transformed (Shikata
et al. 2011). Search results contain data from both
projects that is provided independently as three lists of
TF genes: TFs that induce the selected phenotypes in
ornamental plants in both projects; Arabidopsis TFs
identified in the individual project; and TFs of
Arabidopsis from the bulk project (Figures 1C-E). For
ornamental plants, the Arabidopsis gene is listed even if
the orthologous gene in the plant was used. If
photographic data exists, it is shown in the rightmost
column (Figures 1C-E). If the data are linked with gene
information, users can browse the gene information and
additional detailed phenotype information by clicking
the hyperlinked gene name in the leftmost column (see
later section). All the data on ornamental plants and part
of the data (50 of the 350 TFs that were individually
examined) on Arabidopsis is linked with gene
information. All the results of our CRES-T projects are
summarized in Table 1. In total, data for about 400
phenotypes with gene information is stored. More than

half the phenotypes are from Arabidopsis. The efficiency
of induction of abnormal phenotypes was high in
Arabidopsis (257 phenotypes by 50 TFs) and morning
glory (36 phenotypes by 11 TFs), while in gentian (4
phenotypes by 23 TFs) it was low, probably because of
gene silencing of the transgene (Mishiba et al. 2005;
Mishiba et al. 2010). In ornamental plants, flower
phenotypes, especially in the petals, were frequently
observed because the petals of ornamental plants are
conspicuous and modification of the petal is the main
focus of our project.

Browsing constructs
Users can browse all Arabidopsis TF genes used in our
project as a list, viewed by clicking the “Browse
Constructs” link on the home page. We made transgenic
ornamental plants that express more than 100 individual
TF genes. The list view provides a non-redundant gene
list that summarizes the experiments performed in each
plant (Figure 1F). A more detailed list view (Figure 1G)
showing all of the experiments in individual projects for
each or all of the plants can be obtained by clicking the
hyperlinked plant name or “here” at the top of the page
shown in Figure 1F. This detailed list view exhibits
photographic data, if it exists, in the rightmost column
(Figure 1G). Representative results are summarized in
Table 2. The TEOSINTE BRANCHED1, CYCLOIDEA
and PCF (TCP) TFs induced the expected phenotypes in
most examined species even when the Arabidopsis gene
was employed (Table 2) (Gion et al. 2011; Narumi et al.
2011; Tanaka et al. 2011), while the Arabidopsis MADS
box TFs, such as AGAMOUS (AG) and APETALA3
(AP3), did not induce the expected phenotypes in plants
other than Arabidopsis (Table 2). However, as shown for
morning glory, when orthologs of the MADS box TFs
from each species was employed, the expected
phenotypes were induced (Table 2) (Sage-Ono et al.
2011). A number of induced phenotypes remain to be
characterized in detail.

Browsing gene information
The new FioreDB contains information, not only on TFs
but on all Arabidopsis genes, that was not provided in
previous version. The information from TAIR (Swarbreck
et al. 2008) includes the gene alias and description, the
gene ontology classification, the gene model, sequences
of the coding regions, the amino acid sequences, and the
genomic sequences around the genes. In addition,
information from the Arabidopsis Small RNA Project
(ASRP) (Backman et al. 2008) for miRNAs/tasiRNAs is
provided if the gene is targeted by them. An example of
the gene view is shown in Figure 1I. In the second panel
on the gene view page, the categorization of genes,
classified as TFs, in FioreDB and four other TF databases
(RARTF, Iida et al. 2005; AtTFDB, Davuluri et al. 2003;
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Figure 1. The new FioreDB. (A) Home page of the new FioreDB. A photograph of a plant with an impressive phenotype induced by CRES-T is
randomly selected from the database and is used as the top banner on each page. Detailed gene information can be obtained by clicking on the
photograph. (B) Phenotype list of “Search by Phenotype”. Users can select a phenotype of interest from 80 classified phenotypes. (C) Result of a
phenotype search in ornamental plants. The gene name is shown at the leftmost column. (D) Result of a phenotype search in the Arabidopsis
individual project. (E) Result of a phenotype search in the Arabidopsis bulk project. (F) Non-redundant list of genes introduced into various
ornamental plants shown by clicking “Browse Construct” on home page. (G) List of all experiments performed in our project. (H) Expression profile
from various microarray data. Two genes are comparatively shown.
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Figure 1. (I) (J) (K) Gene information displayed in FioreDB. (I) Detailed gene information sourced mainly from TAIR. (J) Information about the
putative orthologs and repression domain among them. (K) Information about the status of on-going CRES-T projects. Phenotypic information for
Arabidopsis and ornamental plants. (L) Phylogenetic tree of TF family. The phenotypes of CRES-T in Arabidopsis can be shown. The red and pink
“R”s represents genes with a putative repression domain in the coding region. (M) Phylogenetic tree of TFs displayed with microarray data. (N)
Phylogenetic tree of TFs with ortholog information from five plant species. The “R” column indicates the number of species with a putative
repression domain in the ortholog. The “O” column indicates the number of species with a putative ortholog of the gene. The “Total” column
indicates number of orthologs with a putative repression domain compared with the total number of orthologs found in the five displayed species. The
“Ia”, “Ib”, “II” and “III” columns indicate the number of each type of ortholog (see Materials and methods) with a putative repression domain
compared with the number of each type of the ortholog found in each of the species. (O) Ortholog information displayed by clicking the hyperlinks in
the “Ia”, “Ib”, “II” and “III” columns in (N) Relationship of hyperlink is shown by red arrows. Long arrows are shown by dashed lines and
abbreviated for clarity.



PlnTFDB, Riano-Pachon et al. 2007; DATF, Guo et al.
2005) is displayed. From this page, FioreDB provides a
number of useful direct link to external databases such as
TAIR, ASRP, T-DNA express (Alonso et al. 2003),
ATTED-II (Obayashi et al. 2009) and the SALAD
database (Mihara et al. 2010). If the gene has a potential
repression domain, its conservation among putative
orthologs of other plants is also displayed (Figure 1J). For
genes categorized as TFs by our original criteria,
additional information that includes the progress of the
projects for transgenic Arabidopsis CRES-T lines and their
phenotypes both in Arabidopsis and ornamental plants,
when it exists, is provided (Figure 1K). If the information
regarding phenotype of CRES-T is published elsewhere,
direct link to the publication is also provided (Figure 1K).
Users can also browse microarray data for, for example,
developmental and environmental stress sourced from a
number of web sites and can perform comparative analyses
on multiple genes of interest (Figure 1H).

Using FioreDB as a TF database
In addition to provide phenotypic information of CRES-
T, we have developed the new FioreDB as a TF database.
We compared four representative TF database described
above (Mitsuda and Ohme-Takagi 2009) and redefined
1,906 Arabidopsis genes, classifying them into 48 TF
families based on our analysis of their representation in

the four databases (Table S1). The 48 families are listed
on the home page of the new FioreDB (Figure 1A).
Users can browse the phylogenetic tree of each TF
family, prepared by aligning the full-length or conserved-
domain (putative DNA-binding domain) amino acid
sequences of members of the family, by clicking the
hyperlinked family name on the home page (Figure 1L).
If a gene has a possible repression domain in the coding
region it is marked with a pink “R” in the tree. If, in
addition, the domain is conserved in at least two other
species, then the gene is marked with a red “R” in the
tree (Figure 1L). Users can browse phenotypes that were
induced in our Arabidopsis project (Figure 1L) or
microarray data beside the tree like the SALAD on
ARRAY database (Figure 1M) (Mihara et al. 2010). The
new FioreDB also provides ortholog information on the
trees for rice, poplar, sorghum, soybean and moss,
Physcomitrella (Figure 1N). Information regarding
sequence conservation, especially of possible repression
domains, among these species can easily be obtained
(Figure 1O).

Conclusion

Here we report the development of FioreDB which,
compared with the previous version (Mitsuda et al.
2008), has two new features; (i) most of the phenotypic
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Table 1. Summary of flower CRES-T project by phenotype

Phenotype At Tf Cm Pn Gt Cp Rh Dc Eg Total

abnormal seedling 24 (+93) 24 (+93)

hyponastic leaf (+24) 4 3 4 11 (+24)
rough surface leaf 10 (+27) 2 2 14 (+27)
serrated leaf 3 (+24) 1 2 1 4 1 12 (+24)
other leaf abnormality 42 (+212) 5 6 8 2 1 64 (+212)

early flowering 11 (+12) 2 1 1 15 (+12)
late flowering 2 (+11) 2 2 (+11)
dwarf 6 (+63) 3 1 10 (+63)
other growth abnormality 14 (+81) 14 (+81)

abnormal stem 16 (+21) 16 (+21)

abnormal branching 14 (+51) 14 (+51)

abnormal petal 17 (+37) 24 6 1 4 3 1 2 58 (+37)
abnormal stamen 10 (+13) 1 11 (+13)
abnormal carpel 5 (+3) 1 3 1 10 (+3)
other flower abnormality 38 (+117) 18 4 8 1 1 70 (+117)

low fertility 22 (+103) 7 29 (+103)
other fruit abnormality 20 (+118) 20 (+118)

abnormal root 1 (+28) 1 (+28)

Total 255 (+1038) 56 20 36 4 12 8 1 5 397 (+1038)

Number of constructs 50 (+299) 102 36 11 23 13 4 1 7

Except for the Arabidopsis bulk project, the results of all of our projects are summarized. The top heading represents the abbreviations used for the
transformed plants. The numbers in the table indicate the number of constructs with gene information and the numbers in parentheses indicate the
number of constructs without gene information that induce the indicated phenotype in each plant. At, Arabidopsis thaliana; Tf, Torenia fournieri;
Cm, Chrysanthemum x morifolium; Pn, Pharbitis nil (Japanese morning glory); Gt, Gentiana triflora x Gentiana scabra; Cp, Cyclamen persicum; Rh,
Rosa x hybrida; Dc, Dianthus caryophyllus (carnation); Eg, Eustoma grandiflorum.



data are linked with gene information, and (ii) FioreDB
can now be used as a TF database. The systematic
application of CRES-T in other plants is now in progress
and the data will be added to FioreDB in the future. The
new FioreDB will play a central role in basic research of
plant TFs and in the genetic manipulation, using CRES-
T, of traits of agronomically important plants, especially
from the point of view of horticulture.
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