FY is an RNA 3’ End-Processing Factor that Interacts with FCA to Control the Arabidopsis Floral Transition

Thaila Riden
100269602
Background On Arabidopsis thaliana:

Arabidopsis thaliana is a small flowering plant that is widely used as a model organism in plant biology (NSF. 2003, TAIR. 2003). Discoveries with Arabidopsis can play an important part in research (NSF. 2003, TAIR. 2003). Once a gene has been discovered in Arabidopsis thaliana, 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 thaliana homologues (NSF. 2003, TAIR. 2003). Although it is a non-commercial member of the mustard (Brassicaceae) family, which includes cultivated species such as cabbage and radish, Arabidopsis thaliana does offer important advantages for basic research in genetics and molecular biology and has become universally recognized as a model plant for such studies(NSF. 2003, TAIR. 2003).
Arabidopsis thaliana  has a small genome of which approximately   91.2% (114.5 Mb/125 Mb total)has been sequenced as of the year 2000. Having a comparatively small genome simplifies and facilitates genetic analysis greatly and compared to other plants, Arabidopsis thaliana lacks the repeated, less-informative DNA sequences that complicate genome analysis (TAIR. 2003). There has been extensive genetic and physical maps of all 5 chromosomes of Arabidopsis thaliana that have been created as well as a large number of mutant lines and other genomic resources (TAIR. 2003). Arabidopsis thaliana also has a rapid life cycle of about 6 weeks from germination to mature seed. This coupled with a prolific seed production and easy cultivation in restricted space, allows for extensive genetic experiments, often involving tens of thousands of plants (TAIR. 2003). Efficient transformation methods utilizing Agrobacterium tumefaciens. have also made Arabidopsis thaliana a model organism for studies of the cellular and molecular biology of flowering plants (TAIR. 2003). 

Principal research of the article centered the transcriptional regulation and the control of flowering time in Arabidopsis thaliana via the autonomous pathway being one of the three major pathways in Arabidopsis thaliana that operate in response to different environmental and/or internal variables (Simpson et al., 2003). Transcriptional factors are critical regulatory components of the pathways that maintain many aspects of plant growth, development, and physiology (Simpson et al., 2003). 
Pathway Overview:

“Arabidopsis thaliana 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 (Simpson et al., 2003).”
The first is the  photoperiod promotion pathway, by which the plant senses seasonal changes via changes in daylight or photoperiod length (Simpson et al., 2003). Mutations that delay flowering in long- but not short-day photoperiods have been classified in the photoperiod promotion pathway (Simpson et al., 2003).
Second, the phytohormone gibberellin biosynthesis pathway is associated with plant growth and stature determination (Simon et al., 2003). 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 (Simpson et al., 2003).
Third, the autonomous pathway, promotes flowering in long- and short-day photoperiods and controls the expression of the floral repressor, FLOWERING LOCUS C (FLC), which regulates the activity of the other two pathways(Simpson et al., 2003). Six late-flowering recessive mutants, fca, fy, fpa, fve, ld, and fld have been used to characterize this pathway (Simpson et al., 2003). 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 (Simpson et al., 2003).
How FY interacts with FCA to control Floral transition via the repression of FLC (Simon et al., 2003):
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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.




Autonomous Pathway Proteins

The study of FCA is necessary in order to understand the role and regulation of the autonomous pathway in flowering time control:
The nuclear RNA binding protein encodes an RNA-binding protein that promotes reproductive development (promotes flowering a.k.a the growth of sexual organs) and its expression is regulated through alternative splicing of its pre-mRNA (Simpson et al., 2003).. It contains two RNA recognition motif (RRM) binding domains and a WW protein interaction domain that is essential for FY interaction.
The two RNA recognition motif (RRM)- type RNA binding domains can bind FCA to its own pre-mRNA which is required for its auto-regulation of gene expression at the post-translattional level (Simpson et al., 2003).
The WW domain is a protein-protein interaction module composed of 35-40 amino acids (WW, 2003). The major features of the WW domain primary structure are that is has two conserved tryptophans (abbreviated "W") spaced 20-22 amino acids apart. It has a block of two or three aromatic amino acids located centrally between the two signature tryptophans and a conserved proline located three amino acids carboxyterminal to the second conserved tryptophan (WW, 2003). The purpose of the WW domain is to bind to proline-rich ligands (WW, 2003). The primary sequence of the FCA WW domain most closely resembles that of FBP11, a group II WW domain containing a protein sequence that binds Pro-Pro-Leu-Pro (PPLP) which is present in FY (Simpson et al., 2003).
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figure from (Simpson et al., 2003).
FCA expression is autoregulated through the use of different polyadenylation sites within the FCA pre-mRNA through which alternative processing results in the formation of four different transcripts, α, β, γ, and δ (Simpson et al., 2003). Full-length FCA protein (FCA- γ) promotes premature cleavage and polyadenylation at a promoter-proximal site within intron 3 of its own pre-mRNA via negative feedback (Simpson et al., 2003). FCA/FY interaction is required for efficient selection of the promoter-proximal polyadenylation site (Simpson et al., 2003). This results in the production of a nonfunctional truncated transcript, known as FCA- β at the expense of the fully spliced transcript, FCA- γ (Simpson et al., 2003). FCA autoregulation presets the level of active FCA which in turn controls the level of the floral transition repressor FLC’s (Flowering Locus C) mRNA. When the negative regulation of FCA expression is bypassed, the balance of the pathways controlling FLC is perturbed and flowering time is accelerated (Simpson et al., 2003).

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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figure from (Simpson et al. 2003).
Plant Transformation: Agrobacterium tumefaciens’ novel pathogenic strategy
Agrobacterium tumefaciens is a naturally occurring Gram-negative, non-sporing, motile, rod-shaped soil bacterium. It causes crown gall disease in a wide range of dicotyledonous (broad-leaved) plants. Agrobacterium tumefaciens confers the disease through the introduction of its T-DNA (transferred DNA) into to the host plant via its Ti (tumour-inducing) plasmid insertion into the plant genome. The genes transferred are expressed with the plants own genes and cause cell proliferation.  As a result of this ingenious strategim, Agrobacterium tumefaciens has been used extensively for genetic engineering of plants, and the purpose of Arabidopsis thaliana transformation, the genes that cause proliferation are replaced with the insert of interest (Deacon et al., 2003). 
Agrobacterium tumefaciens-mediated transformation of Arabidopsis thaliana 

The entire process this method plant transformation can be broken down into three steps. Firstly the gene must be inserted into Agrobacterium tumefaciens. In the present experiment the transgenes for WW and WF complementation as well as  the 35S CaMV promoter, to increase expression, were introduced into the  Agrobacterium tumefaciens strain C58C1 via triparental mating (Simpson et al. 2003).
Second, the Agrobacterium tumefaciens genes must be integrated into the plant genome. This was done by dipping the floral sex organs of Arabidopsis thaliana  into a sucrose/Silwet L-77 solution containing the transformed Agrobacterium tumefaciens, thus transforming the female reproductive cells of either Arabidopsis thaliana  fca-1 or Ler (Simpson et al. 2003).

In a previous research article, Clough and Bent found that improvement to transformation protocol of Arabidopsis thaliana via Agrobacterium tumefaciens vacuum infiltration  could be achieved  simply by dipping the Arabidopsis thaliana plants into a solution containing Agrobacterium tumefaciens suspended in sucrose and the surfactant Silwet L-77 (which acts as a penetrant) yielding a high rate of transformants; thus removing the need for vacuum infiltration for successful transformation if a suitable surfactant was used making an already convenient protocol easier and even more convenient (Clough and Bent, 1998).

Thirdly, regenerate the plants to select which have acquired the transgenes. The resulting seeds are collected and plated on a ampicillin resistance selective media, and plantlets are transferred to soil and grown. The T1 plants are selfed, T2 seeds are collected, plated, and grown and T3 seeds are collected and plated to identify homozygous T2 plants (Simpson et al. 2003).
Expression Analysis: Affinity Precipitation and Far Western
Far Western blot　
It is a form of Western blot in which protein/protein interactions are studied. Proteins are run on a gel and transferred to a membrane as in a normal Western blot. The proteins are then allowed to renature, incubated with a candidate protein, and the blot washed. Areas of the blot where the protein has adhered are then determined with a probe which is not an antibody as it would be in classical Western blot detection, the term “far” was adopted to make this distinction (Profound, 2003).
In the article, to isolate any proteins that interact with FCA, affinity purification was carried out using FCA-6, a strong late-flowering FCA mutant allele, to ensure that this phenotype was caused by the loss of FCA function, coupled to N-hydroxy-succimidyl chloroformate activated agarose (MacKnight, 2002). The extracted proteins were run on SDS-PAGE then probed with labeled FCA-WW (Simpson et al. 2003). Using this approach, an interaction was detected between FCA and a protein from cauliflower extract that migrated with an apparent molecular weight of 84 kDa (Simpson et al. 2003). When the affinity precipitation step was performed with recombinant FCA protein carrying the WF mutation, this interaction could not be detected (Simpson et al. 2003).

Candidate Cloning: 
Traditionally, at least for most of the eighties and much of the nineties, positional cloning was at the forefront of gene study. Positional cloning is used in the cloning of genes where there is no prior information as to the location of the gene nor any clues as to the protein malfunction for any mutant markers observed (Keil, 2003). The experimental steps involved are as follows, first determine the approximate location of candidate and then establish a clone-based contig(Keil, 2003). From there, Identifiy the coding regions for the candidate genes and perform  some gene expression studies as well as mutational, and functional analyses(Keil, 2003).  

However in recent years positional cloning has evolved into positional candidate cloning, mainly due to the rapid advances made in Genomics, facilitated by the advent of several Genome Projects. It is a more directed approach bypassing several steps such as contig building and gene finding and uses a more 'in silico approach'(Keil, 2003). This methodology will cut the time required for identifying disease genes by up to 90%. This higher rate of efficiency is required since it needs to be pointed out that the time of cloning single gene systems is over. The new frontier is now the study of polygenic systems, which requires the identification of several different genes all of them making some contribution (Keil, 2003).  Candidate cloning identifies candidate genes by a combination of their map position, expression, function and/or homology.

The main steps are as follows. mapping the candidate region should locate the candidate gene and in the article an annotated but previously uncharacterized gene (At5g13480) was identified north of tt4 mutant marker on Chromosome V of Arabidopsis thaliana  (Simpson et al., 2003). The genomic data for that gene from relevant database was retrieved and the gene was determined to comprise of 18 exons and 17 introns encoding for a protein with 7 WD-repeats and Pro-Pro-Leu-Pro sequences in the C-terminal region (Simpson et al., 2003). The sequence of FY cDNA was completed and found to differ from the predicted annotation. The next step was to find whether any known mutations are described for this gene, from previous research the fy-1 mutation had already been genetically mapped to 0.6 cM north of the tt4 genetic marker on Arabidopsis chromosome V (Koornneef et al., 1994). The G – A point mutation of FY to give fy-1 was confirmed through the use of derived cleaved amplified polymorphisms (dCAPs) (Simpson et al., 2003).. This mutation leads to an early termination codon which is thought to create an unstable mRNA of the fy-1 seen only at very low levels (Simpson et al., 2003). The protein translated from this transcript does not contain the pro-pro-leu-pro sequence essential for FCA interaction (Simpson et al., 2003). Analysing the  interacting FCA protein size compared with the predicted size of the open reading frame (ORF) was approximately 84 kDa of the annotated gene, it was found to match the results of the unknown protein interacting with FCA in the Affinity Precipitation and Far Western analysis (Simon et al., 2003). Protein motif and structure were looked at about functional domains knowing that sinceWW domains typically interact with proline-rich sequences, so these would likely be present in the ligand (Simpson et al., 2003) Again 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 (Simpson et al., 2003).
Conclusions
The interaction between FCA and FY is the only clear example so far of genetic 

epistasis between autonomous pathway mutants (Simpson et al., 2003). It appears therefore, that the genetically defined autonomous pathway does not appear to function in a conventional linear manner typically controlled by an upstream input signal (Simpson et al., 2003). Instead, it suggested that it may in fact represent the evolution of multiple, divergent mechanisms that function in parallel  to control the level of the critical regulator of Arabidopsis thaliana  flowering time, FLC The research raises questions about the composition of complexes regulating RNA 3’ end formation in all eukaryotes (Simpson et al., 2003). Unlike yeast, in which Pfs2p is the only protein of this type in the core cleavage and polyadenylation machinery, Arabidopsis thaliana also has three genes encoding proteins similar to mammalian CstF50 which might have the same role as FY/Pfs2p (Simpson et al., 2003).  CstF50 is related to FY/Pfs2p in domain organization and has been proposed to be the functional equivalent of Pfs2p in mammals (Simpson et al., 2003). Moreover, the human homolog of Fy/Pfs2p, WDC146, has not been identified in cleavage and polyadenylation complexes (Simpson et al., 2003). Thus its suggested that in Arabidopsis thaliana and mammals perhaps CstF50-type proteins participate in most 3′mRNA end formation, whereas FY and WDC146 participate in regulated 3′ mRNA end formation (Simpson et al., 2003).These results suggest many future experiments.
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