PROJECT DESCRIPTION CISCODE PROJECT (max 2 A4)

PI: Gerco  Angenent
Other personnel: Marian Bemer
Start project: 1 November 2007
Introduction (max 1/3 A4)

Seed dispersal in Arabidopsis occurs via pod-shattering, in which the siliques open upon light mechanical pressure. This dispersal mechanism is dependent on the formation of a dehiscence zone from the valve-margin, which separates the valve and the replum. Differentiation of the valve-margin revealed to be guided by a transcriptional network that contains the genes REPLUMLESS (RPL), JAGGED (JAG), FRUITFULL (FUL), SHATTERPROOF1,2 (SHP1,2), ALCATRAS (ALC) and INDEHISCENT (IND). In this network, SHP1,2, ALC and IND are limited to the valve margin by negative regulation from FUL in the valves and RPL in the replum. 
In contrast to the Arabidopsis fruit, the tomato fruit is fleshy and seeds are dispersed by animals. Although a dehiscence zone is never formed in tomatoes, homologs of the key players in Arabidopsis fruit dehiscence are also conserved in tomato. Because the coding sequences of Arabidopsis key players are highly conserved in tomato, the differences between the fruits probably result from changes in the regulatory regions of the genes and their targets. To study the divergence and conservation of the cis-regulatory elements involved in fruit formation and ripening, we will focus on the regulatory genes FUL and SHP1,2 and their target genes. In Arabidopsis, FUL is responsible for the formation of the valves, whereas SHP1 and SHP2 are negatively regulated by FUL and important for the differentiation of the valve-margins. The functions of the tomato homologs LeFUL1, LeFUL2 and TAGL1 (SHP ortholog) are still unknown. 
Objectives

We aim to compare the gene regulatory network involved in fruit formation, ripening and dehiscence in Arabidopsis with the corresponding network evolved in tomato. We will focus on the Arabidopsis genes FUL and SHP1,2, and their uncharacterized homologs in tomato, LeFUL1, LeFUL2 and TAGL1, respectively. In the course of the project we may include the analysis of IND, IND and RPL in collaboration with Sablowski/Ostergaard labs. By comparison of the cis-regulatory elements in the promoter regions of the key genes and their target genes, we aim to contribute to the understanding how evolutionary variation in non-coding cDNA regions has led to the difference between the dry Arabidopsis pod shattering fruit and the fleshy tomato. 
Our specific objectives are:

· To identify the cis-regulatory elements important for the differentiation of the fruit tissues and the formation of the dehiscence zone in Arabidopsis.

· To unravel the role of the tomato genes LeFUL1, LeFUL2 and TAGL1 in fruit formation and compare their expression pattern, function and binding to target genes with the Arabidopsis homologs.
· To analyze the conservation and divergence of the cis-regulatory code in Arabidopsis and tomato carpel and fruit differentiation.

Approaches and planning (time table)

Wp1 Target gene identification in Arabidopsis:
· FUL-GR constructs will be made and transformed to a ful-1  mutant background. Using induced expression and micro arrays, target genes will be identified. We expect that during the early phase of pistil development FUL has only a few targets (SHP, ALC, IND?). More targets can be expected at later stages when siliques are formed. (year 1)
· Targets of FUL and SHP by ChIP. We have lines with gFUL-GFP in a ful-1 background. Using antibodies against GFP, we will immunoprecipitate candidate targets. For SHP we are planning to make SHP:GFP constructs (collaboration with Sablowski/Ostergaard?). Initially, we will follow a targeted approach to identify the target sequences of FUL and SHP. This will be done by selective PCR amplifications of promoter fragments from: SHP1,2, FUL, RPL, AG, IND. (year 1) 

· We will also follow a similar targeted ChIP approach of the tomato orthologs in tomato. For this approach, we will transform tomato with GFP tagged LeFUL1,2 and TAGL1 proteins. ChIP with GFP antibodies. Possibly we will follow ChIP-seq depending on the progress of tomato genome sequencing (year2)
· Identify and confirm cis elements by other approaches. (year 1+2)
WP2 Conservation across species:

· We will isolate the tomato genes LeFUL1 and LeFUL2 (FUL) and TAGL1 (SHP1,2) including their regulatory regions. The comparison of the TAGL1 genomic region shows that it is the ortholog of SHP (+PLE).  (year 1)
· We will isolate tomato homologs of Arabidopsis targets of SHP and FUL. (year 2)
· Optional: Isolate the genomic sequences of tomato homologs of several other Arabidopsis TFs involved in carpel and fruit formation, for example REPLUMLESS (RPL) and INDEHISCENT (IND).(year 2)

WP3 Functional analysis

· Investigate the expression of the Arabidopsis FUL and SHP1,2 promoters in tomato by promoter-reporter fusions.(year 1-2)
· Investigate expression TAGL1 and LeFUL1,2 in Arabidopsis using reporter constructs. (year 1-2)
· Complementation assay 35S::LeFUL1,2 in ful-1 (in progress)
· Complementation of shp1,2 mutant by pSHP2::TAGL1 (year 2)
· RNAi or amiRNA with LeFUL1,2 and TAGL1 in tomato (year 3)
· Investigate the functional relevance and conservation of putative cis-elements by generating constructs that contain a reporter gene under control of regulatory sequences with modified cis-elements and transforming these constructs to Arabidopsis and tomato (year 3)
Indicate transformation capacity for ‘your’ crop/species.
We will use the tomato variety Micro-Tom for our analysis, which can be transformed efficiently. We plan to transform a maximum of  10 different constructs. 
Genes, gene constructs and analysis across species:
Complete the table of genes to be studied and available resources 
	Gene name
	species
	Atg number

or Arabidopsis

ortholog
	ORF in entry clone
	Promoter 

cloned (length)
	Construct
	Transgenics in species of origin
	Complementation 

In Arabidopsis
	Gene construct in heterologous species
	Species

(depends on capacity)

	FUL
	A.th.
	At5g60910
	Yes
	2000 bp
	gFUL:GFP
	gFUL::GFP
	-done- 
	gFUL::GFP
	T

	FUL
	A.th.
	At5g60910
	Yes
	-
	35S::FUL-GR
	35S::FUL-GR
	Planned (ful)
	-
	-

	SHP2
	A.th
	AT3G58780
	Yes
	
	pSHP2::GUS:GFP
	pSHP2::GUS:GFP
	
	pSHP2::GUS:GFP
	T,

	SHP2
	Ath.
	AT3G58780
	Yes
	-
	35S::SHP2-GR
	35S::SHP2-GR
	Planned (shp1, shp2)
	-
	-

	TAGL1
	tom
	SGN-U319185 (SHP1)
	-
	planned
	pTAGL1::GUS:GFP
	pTAGL1::GUS:GFP
	-
	pTAG1::GUS:GFP
	Ath, 

	LeFUL1
	tom
	SGN-U313465

(FUL)
	-
	planned
	pLeFUL1::GUS:GFP
	pLeFUL1::GUS:GFP
	-
	pLeFUL1::GUS:GFP
	Ath, 

	LeFUL2
	tom
	SGN-U315161
	-
	planned
	pLeFUL2::GFP:GUS
	pLeFUL2::GFP:GUS
	-
	pLeFUL2::GFP:GUS
	Ath,

	TAGL1
	tom
	SGN-U319185 (SHP1)
	yes
	-
	35S::TAGL1
	-
	Planned (shp1,shp2)
	-
	

	LeFUL1
	tom
	SGN-U313465

(FUL)
	yes
	-
	35S::LeFUL1
	-
	In progress (ful)
	-
	

	LeFUL2
	tom
	SGN-U315161 (FUL)
	planned
	-
	35S::LeFUL2
	-
	In progress (ful)
	-
	

	TAGL1
	tom
	SGN-U319185 (SHP1)
	yes
	-
	35S::RNAi-TAGL1
	35S::RNAi-TAGL1
	-
	-
	

	LeFUL1
	tom
	SGN-U313465

(FUL)
	yes
	-
	35S::RNAi-LeFUL1
	35S::RNAi-LeFUL1
	-
	-
	

	LeFUL2
	tom
	SGN-U315161 (FUL)
	planned
	-
	35S::RNAi-LeFUL2
	35S::RNAi-LeFUL2
	-
	-
	

	SlRPL
	tom
	-
	planned
	
	35S::SlRPL
	-
	Planned (rpl)
	-
	

	SlIND
	tom
	-
	planned
	
	35S::SlIND
	-
	Planned (ind)
	-
	


PROJECT DESCRIPTION CISCODE PROJECT (max 2 A4)

PI:Lucia Colombo

Other personnel: Alice Bianchi Ph.D student,, Stefano Bencivenga Ph. Student

Start project:

Introduction (max 1/3 A4)

SEEDSTICK (STK) encodes for a MADS-box transcription factor which plays a redundant function with SHP1 and SHP2  in the determination of ovule integuments identity in Arabidopsis. In the stk shp1shp2 triple mutant integuments are converted into carpel-like structures, whereas the ectopic expression of STK, SHP1 or SHP2 determine the conversion of sepals into carpel-like structures.

STK is expressed in placental tissue and in the developing ovule. By a Laser Capture Microscope, microarray and bioinformatics analysis, some putative STK target genes have been identified. Some of these putative targets were confirmed by ChIP analysis.

OsMADS13 a gene orthologous to STK seems to play a similar function in rice. In the osmads13 mutant ovules are converted into carpels and a loss in flower meristem determinacy is observed.  
Objectives

The objective of this project is the identification of all the genes that have cis-regulatory elements that bind STK and  to contribute to the comprehension of the regulatory network controlled by STK in Arabidopsis. 

Furthermore, we will investigate the conservation of these cis-regulatory elements across other species, especially rice, and analyse to which extent there is conservation of the regulatory interactions between STK  and OsMADS13 and their targets.
Approaches and planning (time table)

WP1.1 Target gene identification by induced expression of transcription factors (03/2008)

· Some STK targets have been identified by a microgenomics (microdissection-microarray analysis) approach combined with ChIP analysis (Inducible expression approach did not work, see Brambilla et al., 2006)

· Some other putative targets belonging to the NF-Y and MYB families have been selected (ChIP will be performed in collaboration with Chiara Tonelli).
WP1.2:  Identification of direct targets by Chromatin Immuno Precipitation (ChIP
· We have in program to use deep sequencing technology to sequence the fragments that are enriched by ChIP to identify all STK targets  (12/2008)
WP1.4:  Confirmation of cis-sequence motifs by TF-DNA binding assays

· Some of the targets will be confirmed by gel shift or one hybrid assay in yeast if necessary. 
Workpackage 2: Conservation of regulatory elements across species
WP2.1: Isolation of orthologous genes (12/09)

The orthologous gene of STK in rice has been identified and characterized.

This gene has been named OsMADS13.
· To identify target genes we will use the same approach used for STK: LCM-microarray approach combined with ChIP technology

· Furthermore we are going to test if the rice homologues of the STK target genes are also targets of OsMADS13 in rice.

Workpackage 3: Functional analysis of conserved and divergent elements (12/09)
We will generate DNA constructs with reporter genes (GUS/GFP) controlled by regulatory target sequences of OsMADS13 and STK and introduce them in the species of origin, to analyze the conservation of transcription factors and cis-elements across species.

Genes, gene constructs and analysis across species:

Complete the table of genes to be studied and available resources (some examples included)
	Gene name
	species
	Atg number

or Arabidopsis

ortholog
	ORF in entry clone
	Promoter 

cloned (length)
	Reporter construct
	Transgenics in species of origin
	Complementation 

In Arabidopsis
	Gene construct in heterologous species
	Species

(depends on capacity)

	STK
	A.th.
	AT4G09960.3
	Yes
	2800 bp
	pSTK:GUS
	Arabidopsis
	
	
	

	OsMADS13
	rice
	
	Yes
	
	pOsMADS13:GUS
	rice
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


Yellow: available

Blue planned
PROJECT DESCRIPTION CISCODE PROJECT (max 2 A4)

PI: Chiara Tonelli
Other personnel:

Katia Petroni (researcher)

Eleonora Cominelli (young researcher)

Valentina Calvenzani (Post-Doc)

Monica Fornari (PhD student)

Start project: 8 August 2007
Introduction (max 1/3 A4)

MYB proteins are transcription factors with a specific DNA-binding domain comprising up to three imperfect tandem repeats (R1, R2, R3), each of about 52 residues, that fold into a helix-turn-helix motif. In vertebrates, the MYB gene family is small and includes c-MYB, A-MYB and B-MYB; the products of these genes are involved in the control of cell proliferation, differentiation and apoptosis. In plants the MYB family is much more extensive: at least 198 MYB genes have been identified in Arabidopsis. Plant MYB proteins are classified according to the number of MYB repeats. The plant MYB genes characterised so far are involved in a wide range of processes including cell cycle progression, cell differentiation, lateral organ polarity, flower and seed development, secondary metabolism; and also defence and stress responses, light and hormone signal transduction, and the circadian clock. No MYB genes specifically involved in specification of ovule identity have been identified so far.

In yeast and mammals, the CCAAT box is recognized by NF-Y, a trimer composed of distinct subunits: NF-YA, NF-YB and NF-YC, all required for DNA-binding and encoded by single copy genes (1). In vertebrates, NF-Y promotes and/or stabilises the DNA-binding of many classes of neighbouring transcription factors, sited on adjacent DNA elements, but it has been also proposed a role for NF-Y in chromatin remodelling and nucleosome displacement. Thus, the NF-Y complex could be a key factor in the regulation of the eukaryotic genome during development and differentiation. A systematic screening of the Arabidopsis thaliana NF-Y homologues led to the identification and cloning of the complete NF-Y family in Arabidopsis, composed of 29 genes: 10 NF-YAs, 10 NF-YBs and 9 NF-YCs, sharing a degree of homology higher than 75% at aminoacidic level with the corresponding yeast and mammal genes (2,3). Their role in plants is largely unknown, except for some Arabidopsis NF-Y genes involved in embryo development (LEC1 and L1L), in drought stress (NF-YB1), in flowering time (NF-YB2), in blue light and abscissic acid signalling, in chloroplast biogenesis (OsHAP3) and pollen development (BnCBF-B).

Objectives

Using microdissection in combination with a microarray analysis, the Colombo group has identified a relatively small set of putative target genes of STK and SHP including genes that encode MYB and NF-Y transcription factors. 
Objective 1. The Tonelli group will analyze these target genes and their cis regulatory elements in Arabidopsis and rice, focusing on genes verified as direct targets of STK.
Objective 2. The Tonelli group will also focus on the study of the functional role of NF-YA3 and NF-YA8, which are phylogenetically related genes involved in ovule/seed development.
Approaches and planning (time table)

WP1

WP1.2 Identification of direct targets by Chromatin Immuno Precipitation (ChIP).
Using microdissection in combination with a microarray analysis, the Colombo group has identified MYB and NF-Y genes expressed in ovule primordia. Among these, the Colombo group will perform a bioinformatic analysis in order to find genes containing two adjacent consensus binding sites of STK (month 6). The Tonelli group will determine whether these genes are direct targets of STK by ChIP analysis on flower primordia of shp1 shp2 plants (month 12) and will analyse their functional role in ovule development (month 36).
A precise characterization of the functional role of NF-YA3 and NF-YA8, which are phylogenetically related genes involved in ovule/seed development, is already underway. Double mutants atnf-ya3 atnf-ya8 lethal and plants nfy-a3 NF-YA8/nf-ya8 show a 1:1 segregation between aborted and normal seeds, indicating a possible redundant role in ovule/seed development. A detailed analysis of ovule/embryo and pollen development of single mutants and nfy-a3 NF-YA8/nf-ya8 plants will be performed compared to wild-type. Reciprocal crosses will be performed in order to understand whether female or male gametophyte is affected (month 12).

WP1.4 Confirmation of cis-sequence motifs by TF-DNA binding sites.

MYB and NF-Y genes will be further analysed using promoter:GUS fusion constructs and deletion analyses of the promoters will be performed in order to verify the promoter sequences which drive the expression of the NF-Y and MYB genes in ovule development. In situ analyses will be performed for a number of genes, such as NF-YA3 and NF-YA8 (month 18).
In collaboration with Colombo lab, a subset of these constructs will be useful to study transcription factors, particularly MADS proteins (STK, SHP1 and SHP2), able to bind to the NF-Y and MYB promoters under study in a yeast one-hybrid system. Gel retardation assays will be performed with the identified purified proteins to confirm yeast one-hybrid data (month 24).
WP3

WP3.1 Activity of cis-elements in the homologous species.
For the identification of the exact cis-regulatory sequences of interest, analysis of mutated versions will be performed using one-hybrid and verified in vivo with selected promoter::GUS fusions in transgenic Arabidopsis plants (month 36).

WP3.2 Activity of regulatory sequences in heterologous species.

In collaboration with Colombo lab, wild-type and mutated versions of these sequences will be also tested in transgenic rice (month 36).

Genes, gene constructs and analysis across species:

Complete the table of genes to be studied and available resources (some examples included)

	Gene name
	species
	Atg number

or Arabidopsis

ortholog
	ORF in entry clone
	Promoter 

cloned (length)
	Reporter construct
	Transgenics in species of origin
	Complementation 

In Arabidopsis
	Gene construct in heterologous species
	Species

(depends on capacity)

	NFYA3
	A.th.
	At1g72830
	Yes
	-1000/ATG
	pNFYA3::GUS
	pNFYA3::GUS
	Planned 

(nfya3 nfya8)
	pNFYA3::GUS
	T, R, B

	NFYA8
	A.th.
	At1g17590
	Yes
	-1000/ATG
	pNFYA8::GUS
	pNFYA8::GUS
	Planned 

(nfya3 nfya8)
	pNFYA8::GUS
	T, R, B


Yellow: available

Blue planned

PROJECT DESCRIPTION CISCODE PROJECT (max 2 A4)

PI: Robert Sablowski/co-PI: LarsOstergaard

Other personnel: Nicolas Arnaud

Start project: 15 November 2007

Introduction (max 1/3 A4)

The Sablowski/Ostergaard labs will focus on genes and interactions that are relevant for fruit dehiscence. One of the key genes are REPLUMLESS, which is required for the development of a specialized structure, the replum, where the dried fruit eventually opens to release the seeds. RPL functions in part by restricting the expression of SHATTERPROOF (SHP1,2) genes, which specify the valve margins, another specialized tissue type that surrounds the replum; if SHP genes are not restricted to their correct expression domain, the replum does not form correctly. Although closely related, Brassica and Arabidopsis fruits show differences in replum development. Whereas the Arabidopsis replum is ~10 cell files wide, Brassica repla often only consists of 1-2 cell files. This phenotype mimicks weak rpl mutant phenotype, and it is therefore possible that by further reducing the replum size in Brassica can give rise to shatter-resistant fruit with benefits for the oilseed rape production industry. 
Our broad goals are to understand the regulation of regulatory changes in RPL and SHP may explain the differences in fruit development between Arabidopsis and Brassica, and how these changes could be used to prevent seed loss due to premature fruit opening in Brassica. The main activities will be to compare the regulatory sequences of these genes in different species, define cis-elements that mediate the interaction between RPL and SHP and between RPL and its upstream regulators, test the functional significance of these cis-elements in transgenic plants, then use TILLING to screen for desired regulatory changes in Brassica. More details of these activities are given below.  
Specific objectives

1. Understand the regulation of RPL during fruit development in Arabidopsis and in Brassica

2. Understand the repression of AG/SHP by RPL in Arabidopsis and in Brassica

3. Use knowledge from 1 and 2 to screen for regulatory mutants in Brassica that prevent premature pod shattering

Approaches and planning (time table)

WP1: Defining regulatory interactions in Arabidopsis

In vivo footprinting: 

Check occupancy of RPL promoter in cells marked with RPL:HIS4-GFP, using cells marked with AG:HIS4-GFP as the negative control. Check occupancy of AG and SHP promoters with same material (revert control/treatment)

Chromatin immunoprecipitation (ChIP):

We will use ChIP to check whether SHP1,2 are direct targets of RPL and whether RPL is a direct target of AG (a presumed upstream regulator) (ref). Either polyclonal antibodies to RPL will be tried, or in vivo biotinylation will be used (ref). 

WP2: Conservation of regulatory elements

We will use available sequence data and genomic libraries to identify the likely orthologs of SHP1,2 and RPL in Brassica, Capsella, Arabidopsis lyrata and in more distant relatives such as tomato and rice. Phylogenetic footprinting (ref) will the be used to define conserved elements on RPL and SHP1,2.

WP3 Functional analysis of regulatory elements

After identifying candidate cis-elements, we will test their functional relevance initially in reporter genes. The reporter constructs and version with mutated cis-elements will be tested first in Arabidopsis, then in Brassica. We aim to produce at least five Brassica reporter lines (RPL:GUS and mutant versions; SHP1:GUS, SHP2:GUS and mutant versions). 

Additionally, we will test complementation of rpl and shp mutants with genomic fragments containing mutations in key cis-elements, along with wild-type controls. 

In the case of RPL, the candidate cis-elements will emerge from WP1 and WP2. In the case of SHP, however, we will also search for elements corresponding to the RPL-binding site in AG and start the functional characterisation even before WP1 and WP2 are completed. 

WP4 TILLING

Once functional elements have been identified, we will attempt to isolate Brassica lines with mutations in these elements by TILLING. The TILLING population will be ready for screening by the second year of the CISCODE project. 
Shared resources:

RPL:LhG4 driver line

Op:BirA line

RPL-Avitag

AtRPL:GUS

AtSHP1:GUS

BrRPL:GUS

BrSHP1:GUS

Transformation : We have a Brasica transformation facility ( as a paid service). Depending on demand, we can offer this to other participants (volume and price can be discussed in Venice).

Genes, gene constructs and analysis across species:
Complete the table of genes to be studied and available resources (some examples included)

	Gene name
	species
	Atg number

or Arabidopsis

ortholog
	ORF in entry clone
	Promoter 

cloned (length)
	Reporter construct
	Transgenics in species of origin
	Complementation 

In Arabidopsis
	Gene construct in heterologous species
	Species

(depends on capacity)

	RPL
	Arabidopsis
	
	no
	
	RPL:GUS
	planned
	NA
	RPL:GUS in Brassica
	At, Br, C.b-s, Tom.

	RPL
	Brassica
	
	no
	
	BrRPL:GUS
	planned
	NA
	BrRPL:GUS in Arabidopsis
	At, Br, C.b-s,

Tom

	SHP1
	Arabidopsis
	
	no
	
	SHP1:GUS
	planned
	NA
	SHP1:GUS in Brassica
	At, Br, C.b-s,

Tom

	SHP2
	Arabidopsis
	
	no
	
	SHP2:GUS
	done
	NA
	SHP2:GUS in Brassica
	At, Br, C.b-s, 

Tom

	SHP
	Brassica
	
	no
	
	BrSHP:GUS
	planned
	NA
	BrSHP:GUS in Arabidopsis
	At, Br, C.b-s, Tom

	
	
	
	
	
	
	
	
	
	


Yellow: available

Blue planned

PROJECT DESCRIPTION CISCODE PROJECT (max 2 A4)

PI: Brendan Davies
Other personnel: Barry Causier
Start project: June ‘07
Introduction (max 1/3 A4)

Antirrhinum has long been considered a model for flower development, although relatively little is known about the regulatory pathways that control reproductive organ and fruit development in this species. Here we plan to extend our knowledge on the evolution and subfunctionalization of the floral C-function: do the Antirrhinum genes function in the same way as their Arabidopsis counterparts, and is the regulation of these genes conserved between two species? Previous studies in our lab have shown that the evolutionary fate of the ancestrally duplicated C-function genes in Arabidopsis and Antirrhinum were different. Using the approaches described, we hope to be able to follow these evolutionary paths and to determine what led to the different functions of orthologous genes in the two species. We are also interested in learning more about the regulation of the Antirrhinum C-function. In particular, does the Antirrhinum orthologue of WUS regulate the C-domain, and what are the mechanisms of transcriptional activation and repression used by the WUS-family of proteins?

While aspects of reproductive organ identity are well understood in Antirrhinum, our knowledge of fruit development is poor. The CISCODE project will enable us to begin piecing together mechanisms underlying fruit development in Antirrhinum using the well-characterized pathways from Arabidopsis for comparison.

Objectives

· To isolate Antirrhinum genes involved in reproductive organ and fruit development.

· To identify regulatory sequences for these genes and determine whether they operate in Arabidopsis.
· To determine whether the Antirrhinum proteins can compensate for the loss of the orthologues in Arabidopsis mutants.

Using these approaches we will focus on the evolutionary paths that the C-function genes of both Antirrhinum and Arabidopsis have followed, and examine the role of WUS/ROA in the regulation of the C-function, and other genes.

Approaches and planning (time table)

Please describe your contribution to the Workpackages

Indicate transformation capacity for ‘your’ crop/species.

Indicate resources that you are willing to share with the partners

There is currently no capacity to transform Antirrhinum
All constructs generated in our lab will be available to all members of CISCODE. In addition, where required, training can be provided in the use of the yeast one-hybrid system.

Our main priority will be the examination of the evolution and subfunctionalization of the floral C-function in Arabidopsis and Antirrhinum. As part of Workpackages (WP) 2 and 3, we will concentrate on creating GUS reporter constructs driven by the regulatory elements of Antirrhinum PLE and FAR genes, to determine whether the regulation of the Antirrhinum C-genes are conserved between species (we will compare the expression patterns in Arabidopsis with those of AG, SHP and STK using the same vector backbones and genetic backgrounds). Further to this, we will examine the capacity of the Antirrhinum C-genes (PLE and FAR) to complement the Arabidopsis ag, shp and stk mutants. In Arabidopsis AG, SHP and STK are members of a monophyletic clade of MADS-box factors, with each gene having different, but sometimes overlapping functions: AG is the C-function gene, SHP is involved in fruit dehiscence, and STK is involved in ovule development. To examine the evolution of these functions, and those of the Antirrhinum genes, we will examine the capacity of each gene (both Arabidopsis and Antirrhinum) to complement the ag, shp and stk mutants. In this way we can answer questions such as: can PLE and/or FAR and/or AG complement the ag, shp and stk phenotypes – were the functions of SHP and STK originally a property of the C-function that were subsequently partitioned in Arabidopsis, or were these new functions adopted by SHP and STK following gene duplication? Using 35S promoters we intend to establish whether the differences in function are at the protein level, and by using native promoters (and/or the Arabidopsis equivalents, depending on the expression patterns from the Antirrhinum promoters in Arabidopsis) whether specific expression domains establish the functional differences. It is anticipated that this work will be completed within the first two years of the project.

The Antirrhinum roa mutant (the WUS orthologue) does not produce flowers, so while the regulation of the C-function by WUS is established, we are unable to assess the role ROA plays in the regulation of PLE. By complementing the wus mutant with ROA (35S::ROA, pWUS::ROA, or pROA::ROA) and monitoring the C-domain, we should be able to establish 1) whether the ROA protein has all the functionality of WUS, 2) whether it is regulated in the same way as WUS, and 3) whether it regulates the C-domain. An interesting aspect of WUS is that it can act as both a transcriptional activator (activates AG) and a repressor (inhibits function of ARR genes). Previous work in our lab has established that WUS interacts with a transcriptional repressor (TPL), and we will be interested to determine whether this interaction provides the mechanism for the WUS repression of the ARR genes.

In addition to the above, and as part of WP2 and 3, we will isolate the Antirrhinum orthologues of the Arabidopsis genes involved in reproductive organ and fruit development. We have access to an Antirrhinum EST collection and have already begun to identify putative orthologues of other Arabidopsis genes involved in this regulatory network. Where no EST is available, PCR and/or cDNA libraries will be used to isolate missing genes.

Using cDNA sequences as a starting point, GenomeWalker will be used to isolate promoter sequences for the Antirrhinum orthologues. We already have promoters available for ROA (although this sequence may need to be extended), PLE and FAR. In the case of PLE and FAR regulatory sequences will most likely include the second intron of these genes, which will also be included in any constructs.

Regulatory sequences from the various Antirrhinum orthologues will be cloned upstream of the GUS reporter using Gateway technology. These constructs will be transformed to WT Arabidopsis and GUS expression patterns analysed. For comparison, the promoters of the WT Arabidopsis genes will also be cloned into the same GUS vector and transformed to Arabidopsis plants.

Complementation of Arabidopsis mutants with the Antirrhinum orthologues will be tested in three ways. First, the orthologues will be cloned downstream of the 35S promoter. Second, the orthologous gene will be placed under the control of its own promoter (depending upon the results of the GUS reporter experiments). Finally, the orthologue will be placed under the control of the appropriate Arabidopsis promoter. The use of Multi-site Gateway technology will facilitate the preparation of the various promoter-ORF constructs.

We anticipate that this work will continue over the entire 3 years of the project.

The analysis of the cis-elements by TF-DNA binding assays (using yeast one-hybrid approaches), as described for WP1, will be undertaken towards the end of the project once the appropriate data and materials are made available from WP1-3. Similarly, we will use ChIP to identify target genes based on data obtained from the other workpackages. Our system of choice will be Arabidopsis (due to the problems with transforming Antirrhinum), and we will focus on subsets of the C-function and meristem maintenance, using both Arabidopsis and Antirrhinum proteins driven by native or heterologous promoters.

Genes, gene constructs and analysis across species:

Complete the table of genes to be studied and available resources (some examples included)

	Gene name
	species
	Atg number

or Arabidopsis

ortholog
	ORF in entry clone
	Promoter 

cloned (length)
	Reporter construct
	Transgenics in species of origin
	Complementation 

In Arabidopsis
	Gene construct in heterologous species
	Species

(depends on capacity)

	
	
	
	
	
	
	
	
	
	

	PLE
	majus
	AG/SHP
	
	5.6 kb*
	pPLE::GUS
	
	ag complemented with 35S::PLE
	pPLE::GUS
	

	FAR
	majus
	AG/SHP
	
	4.3 kb*
	pFAR::GUS
	
	ag complementation by 35S::FAR - in progress
	pFAR::GUS
	

	ROA
	majus
	WUS
	yes
	
	
	
	-in progress-
	
	

	
	
	
	
	
	
	
	
	
	

	AG
	A.th.
	
	
	4.3 kb*
	pAG::GUS
	pAG::GUS
	planned (ag, shp1/2, stk)
	
	

	SHP1
	A.th.
	
	
	2.2 kb*
	pSHP1::GUS
	pSHP1::GUS
	planned (ag, shp1/2, stk)
	
	

	WUS
	A.th.
	
	
	3.4 kb
	pWUS::GUS
	pWUS::GUS
	35S::WUS and 35S::WUS-GR complementation of wus
	
	

	FUL
	A.th.
	
	
	3.2 kb
	pFUL::GUS
	pFUL::GUS
	
	
	

	REV
	A.th.
	
	
	3.0 kb
	pREV::GUS
	pREV::GUS
	
	
	

	
	
	
	
	
	
	
	
	
	


* includes sequence up to and including intron2 (translational fusions with GUS)

Yellow: available; Blue: planned

PI: GIORGIO MORELLI

Other personnel: ANDRES PEÑALOSA, SIMONA BAIMA, MARCO POSSENTI

Start project: NOVEMBER 2007
Introduction
Based on the demonstrated involvement in a number of key developmental processes, class III Homeodomain-Leucine-Zipper (HD-ZIP III) proteins have been proposed as partners in the basic plant patterning toolkit. In Arabidopsis, this gene family comprises five members: REVOLUTA (REV), PHABULOSA (PHB), PHAVOLUTA (PHV), CORONA (CNA), and ATHB-8. 

Except the latest, the other four genes have been shown to take part in the establishment and functioning of the shoot apical meristem (SAM) as well as the initiation of lateral meristems (LM).

Nevertheless, the complete understanding of the specific roles of these proteins is still far to be deciphered. The fact that a complex network of interactions (agonistic and antagonistic) exists among the different members of the family as well as their regulation by a number of miRNAs have made difficult to clarify the exact function of each protein.

The key point of the approach that will be developed is the involvement of the HD-ZIP III gene family in the organization and development of the Inflorescence (IM) and Floral Meristem (FM). More specifically, we will investigate the HD-ZIP–III target genes taking as a starting point the putative induction/repression of the SAM regulator WUSCHEL (WUS) by some member/s of this family. 

An 11 bp pseudopalindromic sequence has been proposed as the consensus sequence recognized by HD-ZIP III proteins (Sessa et al., 1998). In the WUS-promoter region, a putative HD-ZIP III binding site has been found to be essential for activity in the stem cell niche. This sequence is important for the activity of the WUS promoter in the IM (Baurle and Laux, 2005). 

In our lab, a systematic search for putative HD-ZIP III target sites in the Arabidopsis genome lead to the identification of 390 putative HD-ZIP III target genes. For one of them, the group has shown that the mutation in the HD-ZIP III binding site affects the expression pattern of the promoter implying that the cis-element is functional in vivo (unpublished). We will apply this approach to study the interactions between the HD-ZIP III proteins with the WUS promoter and study the evolutionary conservation of these interactions in tomato. 

Moreover, the bioinformatics analysis performed in Arabidopsis with the aim at identifying orthologous genes containing putative HD-ZIP III binding sites will be extended to rice and tomato (the latter when the genomic sequence will be available). Among the genes selected, those showing a floral expression pattern will be chosen for a more detailed molecular analysis. 
In Arabidopsis, we have chosen REVOLUTA as the main/primary subject of study, based on the following criteria:

· the WUS and REV expression domains in the SAM.

· the presence of a macroscopically observable phenotype in the single loss-of-function mutant;

· the availability of different type of mutants in several ecotypes.
Special attention will be given to the recently described interaction of HD-ZIP III proteins and DRN and DRNL in patterning and stamen emergence (Chandler et al., 2007; Nag et al., 2007), which might eventually emerge as a crosscutting issue in our approach.

Objectives
1.- The main primary objective is the identification of Arabidopsis HD-ZIP III target genes, following three parallel, complementary approaches:

· The establishment of a system that permits to understand the effects of REVOLUTA expression in Arabidopsis on the phenotype and gene expression. This will include the production of Arabidopsis transgenic lines with a promoter inducible system driving REV expression, as well as the assessment of transcriptome variations using Arabidopsis arrays;

· The identification and confirmation of direct REVOLUTA gene targets, by ChIP-on-CHIP methods;

· The identification and ascertainment of evolutively conserved cis-elements present in the REVOLUTA target genes, by a bioinformatic approach.

2.- The isolation of Lycopersicon esculentum orthologue genes corresponding to the transcription factors under study in the CISCODE project;

3.- The establishment of a bioinformatic protocol that allows the identification of putative cis-elements of orthologous and paralogous genes as well as the determination of conservation and diversity;

4.- Analysis of the expression patterns (by the means of reporter genes constructs) of the studied gene in L.esculentum, and release of the complete information into the central database;

5.- Evaluation of the extent of cis-element conservation by means of the analysis of patterns of the chimeric proteins in A.thaliana as well as the complementation of Arabidopsis mutants with the orthologous genes.

Approaches and planning 

Based on the background knowledge and hints, we intend to follow a two-way strategy. Thus, while objectives and time-schedule established in the project proposal are being accomplished, we will examine the hypothesis of the binding of HD-ZIP III proteins to the putative cis-element present in the WUS promoter region.

Since in our case we already have the hint of a putative cis-element, we plan -with the support of Dr. Van de Peer’s group- to start our search by the WP1.3 point, thus harnessing the combination of rice and Arabidopsis sequence data to establish conserved target genes. 
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By November 2009 we expect to have obtained certain confirmed REVOLUTA direct target genes. Likewise, by that time, the hypothesis of the direct binding of REV to the promoter region of WUSCHEL for its repression or activation will be ascertained.
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Furthermore. by this date, our group -in collaboration with Dr. Angenent’s lab- will have isolated the tomato orthologous genes of those Arabidopsis ones under study in this project. Moreover, during this period, our lab will support Dr. Van de Peer’s group in the development of the bioinformatic protocol to set the list of orthologous and paralogous cis-elements.
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The collaboration of our group and Dr, Angenent’s one is foreseen in the last workpackage for the production of tomato transgenic lines. Should our group be in charge of the transformations, agreements with the agrocompany Metapontum AGROBIOS will be established, as far as we do not have the possibility of carrying on that process. 

Our group will work in continuous collaboration with Dr. Angenent’s lab in the production of Arabidopsis and tomato GUS/GFP lines and the expression pattern analysis, as well as in the performance of Arabidopsis mutants with tomato sequence-based constructs.

Genes, gene constructs and analysis across species:
Complete the table of genes to be studied and available resources (some examples included)

	Gene name
	species
	Atg number

or Arabidopsis

ortholog
	ORF in entry clone
	Promoter 

cloned (length)
	Reporter construct
	Transgenics in species of origin
	Complementation 

In Arabidopsis
	Gene construct in heterologous species
	Species

(depends on capacity)

	REV
	A.t.
	At5g60690
	NO
	3000
	gREV:GFP
	gREV:GFP
	Ongoing 

(rev-5 ; Col)

(rev-6 ; Ler)
	
	

	REV
	A.t.
	At5g60690
	NO
	3000
	gREV:HA
	gREV:HA
	Ongoing (rev-9)
	
	

	REV
	A.t.
	At5g60690
	NO
	3000
	gREV:FLAG
	gREV:FLAG
	Ongoing (rev-9)
	
	

	REV
	A.t.
	At5g60690
	NO
	3000
	pREV:REV:Myc
	gREV:Myc
	Ongoing (rev-9)
	
	

	REV
	A.t.
	At5g60690
	NO
	3000
	gREV:AcV5
	gREV:AcV5
	Ongoing (rev-9)
	
	

	REV
	A.t.
	At5g60690
	YES
	35S
	35S:REV
	35S:REV
	
	
	

	WUS
	A.t.
	At2g17950
	NO
	3000 HDboxwt
	gWUS:GFP
	gWUS:GFP
	Ongoing (wus-1)
	
	

	WUS
	A.t.
	At2g17950
	NO
	3000 HDbox*
	gWUS:GFP
	gWUS:GFP
	Ongoing (wus-1)
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


Yellow: available, Blue planned

NOTE: Among HD-ZIP III based constructs, only REVOLUTA-related are listed. A larger roaster of constructs and transgenic lines is available for the rest of HD-ZIP III members. Additionally, a wide range of single and multiple mutants is also accessible.
PROJECT DESCRIPTION CISCODE PROJECT (max 2 A4)

PI: Yves Van de Peer
Other personnel: Klaas Vandepoele and Elisabeth Wischnitzki
Start project: Oktober 1st
Introduction (max 1/3 A4)

Objectives

To discover novel cis-elements within the sets of target genes identified in WP1.1 and WP1.2, we will apply both comparative footprinting approaches and classical motif-detection methods in conserved and co-regulated genes. 

‘Phylogenetic footprinting’ takes advantage from the existing cross-species sequence conservation to identify regulatory elements. Orthologous sequences for several plant species with divergence times between 10 and >150 million years are available in our databases (e.g. Capsella – Arabidopsis 10MY, Medicago-Lotus 46MY, Arabidopsis-poplar 100MY and Arabidopsis-rice 150MY). They will be used for the first detection of cis-element using comparative footprinting. After orthologous sequences will be obtained experimentally in WP 2.1, the experimentally verified sequences will be compared to the in silico results. Orthologous sequences are often present in several copies due to gene or genome duplications in one or more species. Aligned promoter sequences and the experimental data from this project will be used to study the evolution of regulatory elements within and between different species. 

Phylogenetic footprinting is also a powerful tool to study the evolution of regulatory sequences in paralogous leading to redundancy, neo- and subfunctionalization, for instance in gene families that derived through gene or genome duplication. 

To identify cis- regulatory elements for co-expressed genes we will apply a classical Gibbs-sampling approach and/or methods combining both strategies. Those results will be filtered based on global conservation of cis- elements in related species.

The presence/absence of elements combined with expression data will be used to identify additional new cis-elements. The Gene Ontology (GO) vocabulary combined with the original expression data will then be used to functionally annotate sets of genes containing particular regulatory elements or modules. 

The experimental data concerning TF-DNA interactions will be used for cross validation with the predicted elements. 

The bioinformatics partners have extensive experience in building and maintaining databases with information about /cis/-regulatory elements and regulatory modules. These databases will be revised and expanded with novel information from this project. Both ‘in silico’ predicted and experimentally validated /cis/-elements will be stored in this database, and flagged accordingly. The knowledge generated in the consortium will be made freely available to the plant scientific community through web-based interfaces that link to the /cis/-regulatory elements database and linked databases. Furthermore, results will be disseminated by publication in international peer-reviewed journals, presented at scientific meetings and conferences, and during specific workshops organized between the members of the consortium.

Information will also be exchanged through our web site that will be established at the beginning of the project. This web site will also contain the (protected) data base for experimental data.
Approaches and planning (time table)

Please describe your contribution to the Workpackages

Indicate transformation capacity for ‘your’ crop/species. NA

Indicate resources that you are willing to share with the partners.  
Details about the database should be discussed at the meeting.

