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

The transcription factor FY belongs to a highly conserved group of eukaryotic proteins theRNA3’ end-processing factors.

FY regulates RNA 3’ end processing in FCA regulation in Arabidopsis thaliana.

Introduction

Advantages of Arabidopsis thaliana 


Arabidopsis thaliana is a small flowering plant that is widely used as a model organism in plant biology.  Arabidopsis offers important advantages for basic research in genetics and molecular biology and has become universally recognized as a model plant for such studies:

· Small fully sequenced genome (114.5 Mb/125 Mb total).

· Extensive genetic and physical maps of all 5 chromosomes of Arabidopsis. 

· A rapid life cycle (about 6 weeks). 

· Prolific seed production and easy cultivation.

· Efficient transformation methods. 

· A large number of mutant lines and genomic resources. 

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


The transcriptional regulation and the control of flowering time in Arabidopsis via the autonomous pathway were examined in this article. Transcriptional factors are critical regulatory components of the pathways that maintain many aspects of plant growth, development, and physiology.

Pathway Overview

Genes required for the promotion of flowering have been identified through the characterization of late-flowering mutants that comprise the three genetically separable pathways:

· The photoperiod promotion pathway (e.g. changes in daylight or photoperiod length). 

· The phytohormone gibberellin (associated with plant growth).

· The autonomous pathway controls the expression of a floral repressor, FLOWERING LOCUS C (FLC), which regulates the activity of the other two pathways.  Six late-flowering recessive mutants, fca, fy, fpa, fve, ld, and fld have been used to characterize this pathway. The level of FLC mRNA was found to be increased in these mutants, indicating that the autonomous pathway normally functions to prevent FLC mRNA accumulation.
Autonomous Pathway Proteins

FCA

· encodes an RNA-binding protein that promotes flowering, and its expression is regulated through alternative splicing of its pre-mRNA.
· two RNA recognition motif (RRM) binding domains.

· contains a WW protein interaction domain that is essential for FY interaction.

FLC (Flowering Locus C)

· acts as the repressor of the floral transition.

FY

· encodes a protein required for the negative autoregulation of FCA expression. 

WW Domain


The WW domain is a protein-protein interaction module composed of 35-40 amino acids. The major features of the WW domain primary structure are: 

· two conserved tryptophans (abbreviated "W") spaced 20-22 amino acids apart

· a block of two or three aromatic amino acids located centrally between the two signature tryptophans

· a conserved proline located three amino acids carboxyterminal to the second conserved tryptophan. 

FCA Domain Structure

· The WW domain binds proline-rich ligands. The primary sequence of the FCA WW domain most closely resembles that of FBP11, a group II WW domain containing protein sequence that binds Pro-Pro-Leu-Pro (PPLP). 

·  This sequence is present in FY.

FCA Regulation

· FCA expression is autoregulated through the use of different polyadenylation FCA pre-mRNA is alternatively processed, resulting in the formation of four different transcripts, α, β, γ, and δ.

· 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.

· This results in the production of a nonfunctional truncated transcript, known as FCA- β at the expense of the fully spliced transcript, FCA- γ.  

· FCA/FY interaction is required for efficient selection of the promoter-proximal polyadenylation site.

· FCA autoregulation presets the level of active FCA 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.

Methods and Results

Plant Transformation

· To determine whether the FCA WW domain was required for the function of FCA, the second tryptophan (W) was mutated to phenylalanine (F).  This was accomplished through the use of a U.S.E. (Unique site elimination) Mutagenesis Kit (Pharmacia Biotech) and a mutated oligonucleotide.

· Oligo-directed mutagenesis uses a mutagenic oligo which, after hybridization to a gene on a plasmid, provides a template for heteroduplex production. The heteroduplexes, containing one normal and one mutant strand, are used to transform bacteria directly. Because of semiconservative replication, best one can hope for is 50% recovery of mutants.

· The individual techniques employed in the kits allow either for negative selection against the parental, non-mutated plasmid or positive selection for the mutated plasmid, both of which significantly raise the efficiency of mutant isolation. Most of the oligo-directed mutagenesis kits allow for variety of types of mutations-point mutations, deletions or insertions. 

Plant Transformation using Agrobacterium
· Transgenes (WW and WF complementation) were introduced into Agrobacterium strain C58C1 and transformed into either Arabidopsis thaliana  fca-1 or Ler by floral dip.

· Agrobacterium is a naturally occurring soil bacterium that infects plants and transfers a segment of its Ti plasmid to the plants genome.  The genes transferred are expressed with the plants own genes and cause cell proliferation.  For the purpose of transformation, the genes that cause proliferation are replaced with the insert of interest.  A strong promoter, such as the 35S CaMV promoter is often included in the construct to increase expression of the protein.
Transformation of A. thaliana by Floral Dip

· Floral organs are dipped into a culture containing transformed Agrobacterium.  Female reproductive cells are transformed.

· The seeds are collected and plated on a selective media (ampr), and plantlets are transferred to soil and grown.

· T1 plants are selfed, T2 seeds are collected, plated, and grown.  T3 seeds are collected and plated to identify homozygous T2 plants.

Flowering time

· Flowering time was measured by counting the number of rosette leaves at flowering, the number of leaves present being inversely proportional to the amount of time required for flowering.

FCA and FLC Expression

· Western analysis of the transgenic plants shows that both the WW and WF constructs lead to expression of the full length FCA protein, which is not seen in the fca-1 mutant.

· Northern analysis of the same plants shows that plants not expressing the WW domain of FCA express elevated levels of FLC

Affinity Purification and Far Western: 
The search for the interacting protein

· To isolate any proteins that interact with FCA, affinity purification was carried out using FCA #6 coupled to N-hydroxy-succimidyl chloroformate activated agarose.

· The extracted proteins were run on SDS-PAGE then probed with labeled FCA-WW.

· The top gel shows the results from cauliflower protein extract, while the lower gel was from a number of species of A. thaliana.

Candidate cloning:
 The search for the interacting protein continues

· A:  The fy-1 mutation was previously determined by positional cloning to be located on Arabidopsis chromosome V.

· B:  Structure of the FY gene (exons shown as boxes) with a predicted ORF of 84 kDa.  The fy-1 mutation at the 3’ splice acceptor of exon 16 is shown, as is the insertion causing the elongated FY protein seen in fy-2 mutants.

· C:  Domain sequences of FY with repeating WD sequences and the pro-pro-leu-pro sequence predicted to interact with the WW domain of FCA.

dCAPs

· The G – A point mutation of FY to give fy-1 was confirmed through the use of derived cleaved amplified polymorphisms (dCAPs).  This mutation leads to an early termination codon which is thought to create an unstable mRNA seen only at very low levels.  The protein translated from this transcript would not contain the pro-pro-leu-pro sequence essential for FCA interaction.

· In CAPs, gene specific primers are used to amplify template DNA and the polymorphic nucleotides are detected by the loss of gain of a restriction enzyme recognition site.  

· (dCAPs)-Eliminates the need for single nucleotide polymorphism to fall within the recognition site for restriction enzyme. 

· SNP recognition site is introduced into PCR product by primer containing mismatches to DNA  template.  

· The PCR product is then subjected to r.e. digestion and the presence or absence of the SNP is determined by the resulting restriction pattern. 

Northern Analysis

· Northern of FY from wild-type and mutant species of Arabidopsis.  fy-2 shows abnormally sized FY protein.  

(Probed with FY specific probe).

· Northern of FLC showing elevated levels in fy-2.

GST-pull down:
Confirmation that FY interacts with FCA-WW

GST-pull down:
Confirmation that FY interacts with FCA-WW

GST-pull down:
Confirmation that FY interacts with FCA-WW

· GST:FCA-WW pulled down FY and this interaction was impaired when GST:FCA-WF was tested

· Therefore, recombinant FCA and FY proteins do interact in vitro in a manner that is dependent on an intact FCA WW domain

FCA-FY Control of Flowering Time

· FCA was over expressed in Arabidopsis by driving expression with the CaMV 35S promoter (35S) and removing regulatory sequences such as the introns and 5’ region. 

· FCA protein produced from this transgene is shorter than wild type, but plants expressing 35S::FCA flower early and can accelerate the floral transition of certain late-flowering mutants.

· When this transgene was introduced from fca-1 into an fy-1 mutant background (by crossing), fy-1 was found to be epistatic to the early flowering of 35S::FCA.
Expression of FY is Required for 3’ End  Processing

· Northern: Over-expressed FCA-γ promoted alternative splicing of its own mRNA leading to higher expression of FCA-β.

· This increased expression of FCA-β was not seen in fy-1 mutants.

· Western: Over-expression of FCA-γ protein was seen in the plants expressing the 35S promoter transgene. The continued expression of FCA-γ+ (wt) is seen in the fy-1 mutants. 

Discussion and Conclusions

· FCA autoregulation is dependent on FCA/FY interaction, which is dependent on an intact FCA-WW domain.

· Fy interaction is required for proximal site polyadenylation of the FCA mRNA, indicating that FY acts as a 3’ RNA end-processing factor.

· FY shares a high amount of homology with a number of eukaryotic proteins previously identified as 3’ RNA end-processing factors.

· fy-1 mutation results from a G-A mutation at the 3’ splice acceptor site of the 16th exon, leading to a premature stop codon and mRNA degradation.

· fy-2 mutation is caused by an insertion into the 16th exon, leading to a disrupted WW domain.

· fca-1 mutant leads to a premature stop codon and encodes a protein lacking the WW-domain.
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