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Chaque fleur est une ame a la Nature éclose.

Every flower is a soul blossoming in Nature.

Gérard de Nerval







CHAPTER

A DATABASE OF FLOWERING-
TIME GENES

2.1 « CONTEXT

A s extensively reviewed in Chapter 1, the control of flowering time is a very complex process
that involves hundreds of genes belonging to interconnected pathways. Currently, more
than 300 articles are published yearly on the topic, for the sole species Arabidopsis thaliana (Figure
2-1). This huge amount of data is difficult to deal with for young scientists starting a Ph.D. It is
also an issue for scientists only briefly interested in the control of flowering time for the purpose
of their research. Even the experts in the field are progressively specialized in the processes regu-
lating specific pathways. Besides, Arabidopsis is considered by many as the Rosetta stone of plant
molecular biology (Simpson and Dean, 2002), and is used as a source in translational research on
other species, such as crops. Several aspects of flowering are indeed conserved and may be used in
comparative genomic studies (Izawa ez al., 2003; Higgins ez al., 2010; Jung ez al., 2012). However, a
curated list of the flowering-time genes is necessary to standardize those comparative analyses, and

such a tool was lacking in Arabidopsis.

This issue came to light during the early stages of my thesis, as I wondered if we could perform a

comprehensive survey of the expression of flowering-time genes in the roots of Arabidopsis thaliana
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Figure 2-1. Articles published yearly on the flowering-time regulation of Arabidopsis thaliana.

Results obtained using the research query “Arabidopsis flowering”in PubMed (http://www.ncbi.
nim.nih.gov/pubmed).
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(Chapter 4). However, as stated above, such an approach required an accurate and comprehensive
list of flowering-time genes. Of course, many reviews were published and some of them provided
lists of key genes controlling the floral induction through specific inductive pathways (i.e. vernali-
zation, photoperiod, etc.). Unfortunately, none of them included an exhaustive and up-to-date list
of flowering-time genes. Therefore, I began to build my own inventory, starting from a document
published by the group of Prof. G. Coupland (Fornara ez al.,,2010).1 used different methods - des-
cribed in the following article - to create an accurate index of characterized flowering-time genes.
However, I wanted to be able to sort these data using different parameters, such as the role of the
genes in the regulation of flowering, the photoperiodic conditions in which corresponding mutants
and transgenic lines were characterized, etc. Hence, I added those pieces of information to my
personal list of genes, beginning the construction of a database. I produced a list of more than 300
genes, each of them being associated with relevant publications and complementary information

on biological functions and phenotypes.

In parallel, to build a clear picture of the different networks involved in the control of floral
induction, I started to draw schemes showing their connections/interactions. Starting from an
overview, shown in Figure 2-2, I drew more and more detailed networks depicting the different
pathways. To keep track of the references showing the functional links between genes, I also built
a table to associate the relevant publications. The next challenge was to display those data in a
convenient way. I used an existing tool that allows the mapping of data on custom schemes using
R programming. Nevertheless, for several reasons, this workflow was not convenient and did not
allow the realization of rapid updates and modifications. At this point, I had neither a structured

database - only several very large Excel files - nor a web interface to display the data.

I discussed my project with Guillaume Lobet, a postdoc researcher interested in both the mo-
deling of complex biological processes and the development of computer tools for the analysis of
phenotypic traits; in short, a bioinformatician. He found elegant solutions to transform the Excel
data into a proper database. Together, we set up a convenient workflow to build and update the
interactive schemes. Finally, he designed a website providing online tools and formats that can be

either used by “traditional” users or by bioinformaticians (XML format).

About a year later, our FLOWERING INTERACTIVE DATABASE (FLOR-ID) was re-
leased. The following article, published in Nucleic Acids Journal, explains the purposes and the
methodology used to create the interactive database. To see the actual content of the database, I

invite you to visit http://www.flor-id.org.
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Figure 2-2. Overview of the genetic control of flowering time [adapted from www.flor-id.org].
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2.2 « ARTICLE

FLOR-ID: an interactive database of flowering-time gene networks in

Arabidopsis thaliana.
Nucleic Acids Research, 2015. doi: 10.1093/nar/gkv1054

Bouché, F.', Lobet, G.", Tocquin, P., and Périlleux, C.

PhytoSYSTEMS, Laboratory of Plant Physiology, University of Liége, Quartier Vallée 1 Sart Tilman
Campus, 4 Chemin de la Vallée, 4000 Liége, Belgium.

"The authors wish it to be known that, in their opinion, the first 2 authors should be regarded as joint First Authors.

FB performed the literature mining, built the data tables and drew the interactive schemes. GL built
the MySQL database, the website and the related online tools. CP, PT, GL and FB participated in the
amelioration of the database and the writing of the manuscript.

2.2.1 « ABSTRACT

Flowering is a hot topic in Plant Biology and important progress has been made in
Arabidopsis thaliana toward unravelling the genetic networks involved. The increasing
complexity and the explosion of literature however require development of new tools for
information management and update. We therefore created an evolutive and interactive
database of flowering-time genes, named FLOR-ID (Flowering-Interactive Database),
that is available freely at http://www.flor-id.org. The hand-curated database contains in-
formation on 306 genes and links to 1595 publications gathering the work of more than
4500 authors. Gene/protein functions and interactions within the flowering pathways
were inferred from the analysis of related publications, included in the database and trans-

lated into interactive manually drawn snapshots.

Keywords : Flowering, Arabidopsis, Photoperiod, Vernalization.
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2.2.2 - INTRODUCTION

The timing of flowering significantly affects plant fitness and crop yield so that the unders-
tanding of the underlying mechanisms is a primary source for further improvement of agri-
cultural productivity. Reproductive success requires synchronization with seasonal cycling,
thus plants have evolved a complex network of regulatory pathways to sense and integrate
external and endogenous signals. Among the environmental cues, daylength and tempera-
ture are the main determinants of flowering time (Bernier and Périlleux, 2005). As a result,
pioneering forward genetic studies focused on the model plant Arabidopsis thalianaled to the
categorization of flowering-time mutants according to their altered sensitivity to photoperiod
(“photoperiodic pathway”) and to winter cold (“vernalization pathway”) (Koornneef ez al,
1991; Martinez-Zapater and Salinas, 1998). Mutants that were late flowering but remained
sensitive to both environmental factors were classified in an “autonomous pathway” whereas
the limiting effect of gibberellins, a group of phytohormones, gave its name to the the “gibbe-
rellin pathway” (Koornneef ¢z al., 1998; Levy and Dean, 1998; Reeves and Coupland, 2001).
Until recently, the convergence of these four flowering pathways towards a few transcription
factors, called “integrators”, was still the most visible crosstalk reflecting the fine-tuning of

flowering time by known stimuli (Putterill ez aZ., 2004).

'The view of flowering time control has however exploded over the last years and a picture
of great complexity is emerging (Bliimel ez a/.,2015). First, dissection of the genetic networks
underlying the pathways revealed multiple links between their components, such as light
signalling and circadian timing in the photoperiodic pathway (Song e al., 2015), which
explained the pleiotropic phenotypes of some flowering-time mutants (Mishra and Pani-
grahi, 2015; Shim and Imaizumi, 2015). Second, the identification of RNA processing and
epigenetic regulation as major mechanisms of the autonomous and vernalization pathways
revealed actors with rather generic roles and even became instrumental in unraveling new
layers of gene regulation in plants (Marquardt ez a/., 2006; Berry and Dean, 2015). Third,
additional pathways were uncovered after the investigation of the mechanisms promoting
flowering in the absence of photoperiodic cues, as the plant ages or as the surrounding tem-
perature rises (Wang, 2014; Verhage ez al., 2014; Capovilla ez al., 2015). MicroRNAs were
shown to have an important role (Teotia and Tang, 2015), as well as sugar status and signal-
ling (Wahl ez al.,, 2013; Yu et al., 2013; Yang et al., 2013) or other phytohormones (Davis,
2009; D’Aloia ef al.,2011).

81



SECTION I |

82

'This fast progress clearly demonstrates that the genetic dissection of flowering time control
was greatly facilitated by the focus on Arabidopsis. As the view of the process evolved from
a set of discrete pathways towards a complex network of interconnected hubs, the number of
genes involved increased from 80 (Putterill, 2001) to 180 (Fornara ez 4/, 2010). The highly
intricate nature of these genetic networks, together with the diversity of the experimental
evidence supporting their building, create a need to have a consolidated basis on which new
players will be added. The question is even more challenging as new -omics high-throughput
technologies are being used. We therefore undertook the construction of a core database na-
med FLOR-ID (Flowering-Interactive Database) that could be progressively and regularly
updated on the basis of new knowledge. We performed a careful literature survey and created
a curated database of 306 flowering-time genes in Arabidopsis. We developed this tool as a
website, meeting its dynamic and evolutive aims. A collection of manually drawn snapshots

provides an interactive user interface.

2.2.3 - DATABASE CREATION

Identification of flowering-time associated genes

The FLOR-ID database aims at gathering information about genes involved in the regulation
of flowering time. We defined “flowering-time genes” as genes whose mutation and/or overex-
pression alters flowering time in any Arabidopsis accession. We allocated those genes among
seven pathways whereby flowering is regulated by: photoperiod, vernalization, aging, ambient
temperature, hormones, sugar, or autonomously. Genes under the control of several converging

pathways were defined as “flowering-time integrators”.

To draw up an exhaustive list of flowering-time genes in Arabidopsis, we merged the results
of four complementary approaches: [1] we started with a gene list published by Fornara and
colleagues (2010); [2] we searched the UniProt database (http://www.uniprot.org) (UniProt
Consortium, 2015) for all the Arabidopsis proteins associated with the keyword “fowering”,
excluding those isolated from pleiotropic mutants; [3] we performed a literature search in NCBI
PubMed (http://www.ncbi.nlm.nih.gov/pubmed), limited to the publications of the last 10 years;
[4] we analysed recent reviews on the topic. More details are provided as Supplementary Material

(Table S4-1, page S55), including the full list of the reviews (supplementary references S1-S87).
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Gene information retrieval

For each identified flowering-time gene, we retrieved the relevant publications by querying
TAIR10 (http://www.arabidopsis.org) (Lamesch ez al, 2012), PubMed and Google Scholar
(http://scholar.google.com) with the AGI locus identifier or the gene name(s). We narrowed
these publication collections to the most representative and informative articles by primarily re-
taining those describing the cloning of the gene(s) or specifically dedicated to flowering time.
When necessary, a further round of selection followed to keep most recent articles and/or those

having a high number of citations.

The resulting compilation of more than 3000 full-text PDF files was then analysed to find in-
formation about the phenotypes of the mutants, overexpressors, and other transgenic lines. This
was performed by contextual searches using FoxTrot Professional Search (CTM Development).
Each phenotype was associated with the corresponding publication(s) and, when available, com-
plementary information was added such as the growth conditions used for mutant phenotyping
and functional data on the encoded protein. Genes were further sorted according to the flowering

pathway in which they are primarily involved.

1..n
gene

- TAIR identifier T
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- Nowomics identifier
- pathway

phenotype

- effect on flowering time

- condition for effect

- phenotype observed in each condition

- reference associated with each phenotype

1...n
1...n
publication

- PubMed identifier
- journal, volume, pages, year

1...n
1...n
author —» interacts with
- first name —> describes
- last name — is part of

Figure 2-3. Simplified representation of the relational structure of the FLOR-ID database.
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Database structure

All collected information about the flowering-time genes was incorporated into a normalized
MySQL relational database: FLOR-ID (Figure 2-3). In addition to the information gathered
from our literature survey, we used the AGI locus identifier and the reference PubMed ID to

link FLOR-ID to external databases: TAIR, PubMed, Uniprot and Nowomics (https://nowomics.

com/).

2.2.4 - USER INTERFACE

A freely accessible website was designed as a user frontend of FLOR-ID (http://www.flor-id.
org). The database can be consulted by two ways: pre-compiled tabulated views and interactive

schemes featuring flowering pathways and gene interactions.

Tabulated data

'The raw content of the database is available through three thematic tables focused respectively on
Genes, Publications and Authors. Data can be further filtered by any textual variable and thereafter
exported as text (CSV), Excel or PDF files. On a gene-by-gene basis, the “Gene Details” pages of
FLOR-ID give access to phenotypes of mutants and overexpressors, publications, protein function
and interactors of the selected gene. “Interactors” here refers to genes that have been shown to
act upstream or downstream of the selected gene, whether their interaction is direct or not, or to
proteins if protein-protein interactions were demonstrated (Figure 2-4). FLOR-ID also supports
programmatic extraction of information for meta-analysis purposes. Custom URL addresses are
used to access the gene information as eXtended Markup Language (XIML) or JavaScript Ob-
ject Notation (JSON) files. For instance, retrieving information about FLOWERING LOCUS
T, (AT1G65480) in an XML format is done with the URL http://www.phytosystems.ulg.ac.be/
florid/details/?gene=AT1G65480&type=xml.

Interactive schemes

To give a visual structure to the FLOR-ID database, we produced snapshots illustrating diffe-
rent levels of complexity and enabling interactive access to the data. The snapshots are based on
a careful analysis of the literature and supported by experimental evidence. One overview level, 7
flowering pathways and 2 complementary pictures on circadian clock and flower development are
connected to detailed nested schemes (37 in total). In each scheme, interactions between genes

or proteins are shown by different line types and ending styles. From a technical point of view,
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Genes [306]

UNIPROT:® Q9LILSO
NOWOMICS:@ View List

Publications

Koornneef Metal, 1991, ra Genet.
Kardailsky | et al,, 1999, Science
Kobayashi Y et al.,, 1999, Science

Hanzawa Y et al., 2005, Proc. Natl. Acad. Sci. USA.
Yoo S Ket al., 2005, Plant Physiol.
Teper-Bamnolker P et al,, 2005, Plant Cell
Helliwell C Aet al, 2006, Plant J.

Corbesier L et al., 2007, Science

Jaeger KE et al.,, 2007, Curr. Biol

Mathieu J et al.,, 2007, Curr. Biol.

Franks S J et al., 2007, Proc. Natl. Acad. Sci. USA.
Notaguchi M et al., 2008, Plant Cell Physiol.
Niwa M et al,, 2013, Plant Cell

Appears in the following schemes

Overview
Temperature pathway

Hormone pathway

Aging pathway

Circadian clock overview
Photoperiod pathway
Time-course regulation of photoperiodic pathway
Sugar pathway

Flower development

Specification of flower mersitems
Vernalization

FT
FLOWERINGLOCUS T B
TAIR:© AT1G65480

Protein function

Encodes a transcription factor of the phosphatidylethanolamine-binding protein (PEBP) family which is sufficient to
induce flowering

Phenotype
Remarks:

FTis expressed in phloem companion cells and its protein moves to the shoot apical meristem through the phioem.
[Corbesier et al, 2007)

Overexpressor:
FT overexpressor is early flowering under both SD and LD conditions. [Kobayashi et al., 1999][Kardailsky et al., 1999]

Single mutant:
ft single mutant late flowering-time phenotype is much stronger under LD than SD conditions. ) [Kobayashi et al., 1999]
(Yamaguchi et al., 2005][Koornneef et al., 1991)

Multiple mutant:

The mutation of FT has a stronger effect on flowering time than TSF mutation) [Jang et al,, 2009][Michaels et al, 2005]
[Yamaguchi et al.,, 2005]

Interactions
Downstream actor

FD - [Kawamoto et al, 2015][Ho et al, 2014][Wigge et al, 2005][Abe et al, 2005]

BRC1, TCP18 -- [Niwa etal, 2013]

AP1 - [Teper-Bamnolker et al,, 2005][Wigge et al,, 2005][Abe et al., 2005]

SPL4-- [Junget al, 2012)

FTIP1 - [Livetal, 2012

SOC1 - [Wang et al., 2009][Moon et al., 2005][Searle et al,, 2006][Michaels et al,, 2005][Yoo et al, 2005)

SPL3 - [Jungetal, 2012]

FT interaction network
Downstream and upstream genes

Physical Interactions

FDP, BZIP27

CLF, SDG1

FTIP1

Figure 2-4. Gene-details window displayed in FLOR-ID.

A. Users can select any gene from the database (here FLOWERING LOCUS T) and find information
displayed either in an HTML or XML format (for automated data retrieval). B. Gene information, with
links to TAIR, UniProt and Nowomics. C. Relevant publications, with direct links to full-length ar-
ticles D. FLOR-ID schemes providing network information for the gene. E. Protein function. F. Known
flowering-time phenotype(s) of the corresponding mutant(s), associated with the original publica-
tion(s). G. Known interactors, based on stated publications. H. Graphical representation of the gene
interaction network.

FLOR-ID houses the schemes as Scalable Vector Graphics (SVG). SVG’s are natively supported
in every modern browser (Chrome 43, Firefox 38, Safari 8, Internet Explorer 11). Their vectorial
nature ensures a minimal loading time. It also enables the tagging of each individual element (gene
or line) which, combined with modern web technologies (JavaScript), makes the schemes fully inte-
ractive (Figure 2-5). As a result, users can access the information stored in the underlying database
by clicking on any element: gene names direct to mutant phenotypes, locus information and key
publications, while lines and arrows lead to the papers that provided evidence for the interactions
shown. This chain of information is displayed in a dynamic lateral panel. This panel also contains
links to external resources (TAIR10, UniProt, and direct links to the publications). All snapshots
can be downloaded as PDF files.
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Figure 2-5. Interactive snapshots of FLOR-ID.

A. SVG scheme in which each element (gene, line) is clickable. B. Database connected to the
scheme. C. Web panel opened after clicking on an element of the scheme. Information is
retrieved from the database and displayed in a human-reading form.

DATABASE

2.2.5 - DATA CURATION

'The curation of the FLOR-ID database is manual by design and was performed by the authors.
Manual curation filters the information contained in the database with strong, peer-reviewed
experimental data and ensures its quality. Most importantly, all gene and protein interactions
shown in the interactive snapshots are supported by experimental data whereas gene interactions

inferred from -omics approaches are mainly predictive.

'The flowering community is large and active. In order to leverage its assets, we created a user
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form allowing to suggest modifications and submit new genes, connections or publications. In a
first step, this information will be displayed in a provisional table. In a second step, the database
curators will validate the new item. Finally, the update will be incorporated to the public version

of the database.

2.2.6 - CONCLUSIONS AND PROSPECTS

Information management is a challenge as new biology approaches disclose increasing levels
of complexity and regulatory networks. Evolutive databases provide a mean to cope with the in-
creasing amount of data and to gather information from the scientific community. Tools exist to
manage raw experimental data sets, but literature is similarly exploding. The core of FLOR-ID
is build around the flowering-time gene networks and contains hand-curated data. It therefore
offers a reliable tool to define flowering-time genes in comparative genomic studies or transcrip-
tomic analyses. Complementary plugins can be created to extend its functionality even further, e.g.

for mapping raw gene expression data onto the flowering pathways.

'The content of the FLOR-ID database could be easily incremented with modules expanding
beyond flowering time, for example to gametophyte development. The curation of the database
could then be shared between different laboratories in order to provide expert updates and ensure
content accuracy. We thus hope that FLOR-ID will give the impetus to a collective, shared and
structuring approach of literature and knowledge recording. Such initiative will logically contri-

bute to community resources like Araport (Krishnakumar ez a/., 2015).
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2.3 -« GENERAL DISCUSSION

2.3.1« ON THE IMPORTANCE OF DATABASES

'The number of publications on popular topics, such as the flowering-time regulation in Ara-
bidopsis, is constantly rising (e.g. Figure 2-1, page 77), making the management of literature
laborious. The database presented above has the aim to be accessible to either flowering time
experts, plant genetic students or any scientist interested for any reason in the control of flowe-
ring time. While navigating throughout the schemes provided by the database, the user can
notice that the information provided expand well beyond the flowering-time regulation, as we
also present figures showing the regulation of the circadian clock, the biogenesis of microR-
NAs, etc. The purpose was to create a self-standing website where all the information necessary
to interpret the scheme are available in a graphical form. To the best of our knowledge, such
curated database of literature associated with interactive schemes is an innovative way of gathe-
ring and summarizing research. As far as we know, the “enhanced snapshots” published by Cell,
which consist of PDF snapshots associated with multimedia resources, are the closest publica-
tion format to our database. However, these resources are restricted to the limited interactivity
allowed in PDF files. Besides, other databases provide literature related to specific processes
(e.g. microRNAs involved in human diseases; Jiang ez /., 2009), but the existence of databases
associating interactive snapshots with corresponding literature is uncommon. Although the
“wikipathway” website (Pico ez al., 2008; Kelder ez al., 2012; http://www.wikipathways.org)
provides such tool, it does not take full advantage of the modern interactivity features and relies
on erratic updates performed by anonymous users. For instance, the last update of the scheme
showing the flowering time control in Arabidopsis thaliana was performed in January 2012,
and some of the provided gene interactions are not documented. We believe that, due to the
exploding amount of big data analyses, the necessity for such literature-mining databases will

significantly increase during the following years.

Accordingly, we think that databases must be, as much as possible, free and in open access.
'The journals specialized in the publication of this type of resources (e.g. Database (Oxford); the
Database issue of “Nucleic Acids Research”; Giga Science) mostly follow this trend. We believe
that in the current context of research, in which most labs work on limited funds, making these
databases freely accessible to everyone is essential, although this is not always the case. For
small-sized databases like FLOR-ID, this question does not arise since the quantity of curated

data is relatively small. However, when considering much bigger manually curated databases,
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such as The Arabidopsis Information Resource (TAIR; http://www.arabidopsis.org; Lamesch ez
al., 2012), the question of a paid subscription is more pertinent: the curation of data represents
a tremendous amount of work, and data storage requires the use of costly servers. The yearly
budget to run, maintain and update TAIR is 1.6 million $ and its principal source of fundings,
the US National Science Foundation cut its financing in 2013. To maintain the database, a core
group of the TAIR staff created a non-profit organization with the hope provide sustainability
to the database. Since TAIR is responsible for the integration of a vast collection of information,
its role is essential in the landscape of Arabidopsis research. Therefore, preventing users from
the access of such a gathering of knowledge by adding a pay wall is ethically questionable. TATR
curators have chosen an intermediate solution, as they charge users for the early access to new
data: new annotations and phenotypes are subject to a 1-year embargo after the initial release on
the website. In our opinion, this economical solution is a good compromise, which ensures both
the sustainability of the database and the access to curated data, albeit with a 12-month delay, to

the laboratories that cannot afford a paid subscription.

'The problematic behind that cut in funding had several origins: (i) the TAIR project was
tunded exclusively by a US foundation but used worldwide by more than 40,000 unique users
a month; (ii) TAIR is a gene-centric database that covers only a part of Arabidopsis research as
large-scale molecular data are not implemented in this resource. This limitation led to a growing
decentralization of the data and, therefore, impaired its attractiveness for funding agencies that

wanted to invest in a comprehensive tool gathering all the knowledge about Arabidopsis.

Facing this issue, several Arabidopsis committees from different continents decided to create
a new initiative, called the IAIC (International Arabidopsis Informatics Consortium, 2010;
2012), which has the aim to gather the current Arabidopsis informatics resources to rationa-
lize their funding. As the amount of “big-data” is exponentially increasing, centralizing the ac-
cess to this information is essential. Besides, the development of tools to visualize and quickly
sort these data is critical to make it accessible to every scientist. In addition, the IAIC wanted
to create a web resource that was also able to integrate smaller specialized databases, such as
FLOR-ID. These reflections led to the creation of a portal, called Araport (http://www.araport.
org; Krishnakumar ez a/., 2015). Its aim is to bring together multiple databases and provide the
tools required for their exploration and analysis. As the funding is key to the sustainability of
such initiative, the IAIC gathered grants from the National Science Foundation (US) and the
Biotechnology and Biological Sciences Research Council (UK), and their target is to further
increase the worldwide nature of Araport financial support. It is noteworthy that, if Araport is

a portal that centralizes the information, it does not replace TAIR, as its role is not to curate

89



SECTION I |

and manually annotate data. Therefore, the Arabidopsis gene annotations still rely on TAIR,
and one has to hope that its current funding strategy will be sustainable, albeit not optimal
(Chandras ez al., 2009).

Overall, as the number of databases and big-data analyses grows continuously, open access
portals such as Araport are essential. We are currently in discussion with Araport support to
implement our dataset on their portal. Albeit at a modest scale, we hope to integrate FLOR-

ID in the current growing set of online Arabidopsis research resources.

2.3.2 -« FURTHER DEVELOPMENTS

Although FLOR-ID already provides a valuable overview of the flowering-time regula-
tion in Arabidopsis thaliana, additional information and tools are already in preparation. For
instance, in addition to the gene categories mentioned in the paper, we added a data table
indexing the genes “pending” to be considered as flowering-time genes. This list contains the
genes that were either (i) displaying pleiotropic defects, including an altered flowering time,
but without any established link to known flowering-time genes or (ii) genes that were descri-
bed as flowering-related but for which additional information is required to determine their
role in the control of flowering time. Those genes may be later added to the main data tables if

further experiments confirm their involvement in the control of flowering time in Arabidopsis.

The interest of such a database relies on regular updates. The new key publications, the in-
teraction schemes, the list of flowering-time genes as well as phenotypes described are bound
to evolve over time. We intend to perform those updates — including scheme changes and the
addition of new genes to the database - on a regular basis (i.e. every six months). However,
smaller updates requested by users can be performed in a matter of hours, thanks to the robust
workflow we use to generate the database. Besides, we would like to implement new tools and

functions to the current database structure:

(i) 'The first major change will be the addition of the type of functional relationship
connecting two genes. Currently, the causality link does not indicate the nature
of the interaction (protein-protein, protein-DNA, chromatin modifications, etc.),
and we intend to add those data in future versions of FLOR-ID.

(i1) The interactions database will be updated through the addition of the techniques
that were used to show the functional relationship between genes and/or proteins.

This information is valuable, as some methods do not prove that the interaction oc-
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curs in vivoe. For instance, many yeast two-hybrid screenings result in several false-po-
sitive or false-negative results. Therefore, adding those pieces of information may add
clues to determine the level of confidence we may give to specific genetic links.

(iii) For each technique, a descriptive scheme will summarize the corresponding methods
while links will redirect the users to relevant publications (e.g. Nature protocols). This
new feature intends to increase further the interest of the database as a teaching tool.

(iv) Given the vectorial nature of the schemes (SVG format), it is relatively easy to add
any custom information. One of the major updates of the database will be to take ad-
vantage of this flexibility to map custom data on the pathway schemes. The purpose is
to allow the user to either browse a database of existing experiments or map his own
transcriptomic data on the schemes to see whether specific pathways are affected in
their analysis. This mapping would be accompanied by several statistics, such as the
number of flowering-time genes detected/absent from the study, the proportion of
differentially expressed genes with a positive/negative effect on flowering, etc.

Of course, those updates may be accompanied by other add-ons suggested by users. Hence, we
hope that the Arabidopsis flowering time community will participate in the amelioration of the

database by providing constructive feedbacks and remarks.

In the following chapters, the list of flowering-time genes indexed the FLOR-ID database are

used to filter transcriptomic analyses, thus providing concrete examples of the exploitation of the

FLOR-ID list of genes.
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