FY Is an RNA 3_ End-Processing Factor that Interacts with FCA to Control the Arabidopsis Floral Transition
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Background On Arabidopsis:
Following info from * http://www.arabidopsis.org/info/aboutarabidopsis.jsp


       ** http://www.nsf.gov/bio/pubs/arabid/chap1.htm#p1
Arabidopsis thaliana is a small flowering plant that is widely used as a model organism in plant biology. Discoveries with Arabidopsis can play an important part in research. Once a gene has been discovered in Arabidopsis, the equivalent gene may be found more easily in other plants. Thus, the function of many genes isolated from plants can be better understood via study of their Arabidopsis homologues. Although it is a non-commercial member of the mustard (Brassicaceae) family, which includes cultivated species such as cabbage and radish, Arabidopsis does offer important advantages for basic research in genetics and molecular biology and has become universally recognized as a model plant for such studies:

*Small genome (114.5 Mb/125 Mb total) [ 91.2%] has been sequenced in the year 2000. Having a comparatively small genome simplifies and facilitates genetic analysis. Compared to other plants, Arabidopsis lacks the repeated, less-informative DNA sequences that complicate genome analysis.
*Extensive genetic and physical maps of all 5 chromosomes of Arabidopsis. 

*A rapid life cycle (about 6 weeks from germination to mature seed). 

*Prolific seed production and easy cultivation in restricted space, this allows for extensive genetic experiments, often involving tens of thousands of plants.
*Efficient transformation methods utilizing Agrobacterium tumefaciens. [floral dip] 

*A large number of mutant lines and genomic resources. 

*Multinational research community of academic, government and industry laboratories. 

The Authors of this article, because of these advantages, have made Arabidopsis a model organism for their studies of the cellular and molecular biology of flowering plants. 
In this presentation we will focus on discussing the transcriptional regulation and the control of flowering time in Arabidopsis. Transcriptional factors are critical regulatory components of the pathways that maintain many aspects of plant growth, development, and physiology. We will be focussing our principally discussion on the autonomous pathway, which is one of the three major pathways that operate in response to different environmental or internal variables.

Pathway Overview:
“Arabidopsis flowering time is regulated by the quantitative integration of environmental

signals with an endogenous program of development. Genes required for the promotion of flowering have been identified through the characterization of late-flowering mutants that comprise the three genetically separable pathways”:


1.The photoperiod promotion pathway, by which the plant senses seasonal changes(e.g. changes in daylight or photoperiod length). Mutations that delay flowering in long- but not short-day photoperiods have been classified in the photoperiod promotion pathway.


2. The phytohormone gibberellin (associated with plant growth and stature determination) biosynthesis pathway. Independent of photoperiod length, Mutations affecting biosynthesis of, or response to, the phytohormone gibberellin  have a minor effect on flowering in long-day photoperiods but can drastically delay flowering in short-day photoperiods.


3. The autonomous pathway, promotes flowering in long- and short-day photoperiods and controls the expression of a floral repressor, FLOWERING LOCUS C (FLC), which modulates the activity of the other two pathways. The pathway comprises of six late-flowering recessive mutants, fca, fy, fpa, fve, ld, and fld. The level of FLC mRNA was found in other studies as well as this one to be increased in these mutants, indicating that the autonomous pathway normally functions to prevent FLC mRNA accumulation.
How FY interacts with FCA to control Floral transition via the repression of FLC:
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Figurs 7. Model for FCA and FY Function

We propose that FCA (red) binds target ANA through ts two N-terminal RRMs and tethers the 3 end-processing machinery (pale blus) to
this RNA via an interaction between the FCA WW domain and the PPLP domain of the 3’ end-pracessing factor, FY (blue). One target of this
interaction is FCA pre-mRNA (r=d). Autorsaulation of FCA expression presets the level of active FCA protein available to regulate the floral
repressor, FLC (areen), which is executed by FCA again interacting with FY. It is not yet known whether the rsqulation of FLC pre-mRNA is
direct o if an intermediate RNA is involved. The activity of other regulators of FLC (such as FPA and FVE) is not controlled by FCA (at the
RNA level, at least] and converssly, they do not reulats FLC by controlling FCA expression.




FCA encodes an RNA-binding protein that promotes flowering, and its expression is regulated through alternative splicing of its pre-mRNA.

FLC (Flowering Locus C) acts as the repressor of the floral transition.

FY encodes a protein required for the negative autoregulation of FCA expression. FCA and FY interact a complex function to regulate RNA 3’ end formation and control the floral transition. 

FCA, FY and FLC; what they are and do:

The study of FCA in order to understand the role and regulation of the autonomous pathway in flowering time control:
1.The nuclear RNA binding protein, FCA, promotes Arabidopsis reproductive development (eg. Promotes flowering=growth of sexual organs).



FCA encode RNA binding proteins; FCA is a nuclear protein with two RNA recognition motif (RRM)- type RNA binding domains that can bind RNA in vitro [Regulation of gene expression at the post-transcriptional level is mainly achieved by proteins containing well-defined sequence motifs involved in RNA binding. The most widely spread motifs are the RNA recognition motif (RRM)]

2.FCA contains a WW protein interaction domain that is essential for FCA function, with FY as a protein partner for this domain (FY has a PPLP (pro-pro-leu-pro) domain with which it interacts with FCA’s WW domain).
Definition of the WW domain and a brief summary of its function:
The WW domain is a protein-protein interaction module composed of 35-40 amino acids. It is the smallest, monomeric, triple-stranded, anti-parallel beta-sheet protein domain that is stable in the absence of disulfide bonds, cofactors or ligands. The major features of the WW domain primary structure are : 

1. two conserved tryptophans (abbreviated "W") spaced 20-22 amino acids apart; 

2. a block of two or three aromatic amino acids located centrally between the two signature tryptophans, and 

3. a conserved proline located three amino acids carboxyterminal (The end of a peptide or protein having a free carboxyl (-COOH) group.) to the second conserved tryptophan. 

The WW domain binds proline-rich or proline-containing ligands. Based on the ligand binding specificity, the WW domains can be classified into five groups on the basis of their ligand prespecificity. The primary sequence of the FCA WW domain most closely resembles that of FBP11, a group II WW domain containing protein that binds the consensus Pro-Pro-Leu-Pro (PPLP) which is present in FY.
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What is a ligand? A molecule that binds to another molecule, used especially to refer to a small molecule that binds specifically to a larger molecule, e.g., an antigen binding to an antibody, a hormone or neurotransmitter binding to a receptor, or a substrate or allosteric effector binding to an enzyme. Ligands are also molecules that donate or accept a pair of electrons to form a coordinate covalent bond with the central metal atom of a coordination complex.

3. FY belongs to a highly conserved group of eukaryotic proteins represented in Saccharomyces cerevisiae [commonly known as baker's or budding yeast.] by theRNA3_ end-processing factor, Pfs2p (FY’s Homolog in yeast). FY regulates RNA 3_ end processing in Arabidopsis as evidenced through its role in FCA regulation.
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4. FCA expression is autoregulated through the use of different polyadenylation sites within the FCA prespecificity mRNA, and the FCA/FY interaction is required for efficient selection of the promoter-proximal polyadenylation site.



FCA pre-mRNA is alternatively processed, resulting in the formation of four different transcripts, alpha, beta, gamma, and delta ; Full-length FCA protein (FCA-gamma) via negative feedback promotes premature cleavage and polyadenylation at a promoter-proximal site within intron 3 of its own pre-mRNA. This results in the production of a nonfunctional truncated transcript, known as FCA -beta, at the expense of the fully spliced transcript, FCA -gamma, which encodes the active protein. (alpha, gamma and delta are cleaved at the distal site in the UTR of the pre-mRNA, while beta is cleave via the gamma form of FCA at the proximal site (intron 3)  of the pre-mRNA.)
The auto-regulation of FCA expression is developmentally regulated and has a functional consequence for flowering time control, don’t want to have FCA promote flowering precociously.

5. The FCA/FY interaction is also required for the downregulation of the floral repressor FLC.


FCA autoregulation presets the level of active FCA expression (which is typically limiting, which in turn controls the level of FLC mRNA. When the negative regulation of FCA expression is bypassed, the balance of the pathways controlling FLC is perturbed and flowering time is accelerated
FY on chromosome V and FLC isolated via Positional Cloning:

The absolute first step in the process of positional cloning is the high resolution mapping of the locus of interest relative to closely linked DNA markers. Use formal linkage analysis and other genetic approaches as tools to find flanking DNA markers that lie very close to the locus of interest.
Once the phenotypically defined gene has been closely linked to one or more DNA markers, it becomes possible to consider the complete cloning of the region that must contain the gene. Obtaining clones that cover the critical region, then identifying the gene of interest apart from all other genes and non-genic sequences within this region. 

With the availability of one or more closely linked DNA markers from a genomic region of interest, one can begin to develop a contig of overlapping clones that spans the region. A cloned contig not only provides information on physical distances but can also be used as the raw material from which positional cloning of a phenotypically defined locus can proceed. (in Michaels and Amasino, 1999 the YAC Contig was used)
From our notes: Positional cloning sept 25


1.High resolution of genetic and physical maps


2. Build Clone “contig”


3.Transcript Map


4. Correlate Mutations in candidate genes to phenotype

From: http://www.informatics.jax.org/silver/10.3.shtml
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