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

Plant Transformation: Agrobacterium tumefaciens’a 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 (http://helios.bto.ed.ac.uk/bto/microbes/crown.htm). 
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 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 vacuum infiltration  could be achieved  simply by dipping the Arabidopsis thaliana plants into a solution containing Agrobacterium 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

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. (To ensure

that this phenotype was caused by the loss of FCA function,

the analysis was repeated with another strong mutant allele,

fca-6 (MacKnight, 2002).
· 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.

Far Western blot　
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 detected with an antibody.

Far-Western Blot

A method that is derived from western blotting (BLOTTING, WESTERN) and is used to detect protein-protein interactions. The blotted proteins are probed with a non-antibody protein which can then be tagged with a labeled antibody.

The FCA WW Domain Interacts with an 

Arabidopsis Protein in an 

FY-Dependent Manner 

Since the WW domain is essential for FCA function, we 

searched for proteins that it might interact with. A twostep 

affinity purification, Far Western procedure was 

developed initially using shaved cauliflower curd, but we 

also investigated the interaction in Arabidopsis directly. 

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 

(Figure 2A). When the affinity precipitation step was performed 

with recombinant FCA protein carrying the WF 

mutation, this interaction could not be detected (Figure 

2A).

Figure 2. Affinity Precipitation and Far Western Analysis of Proteins 

Interacting with the FCA WW Domain 

(A) Affinity precipitation with either FCA-WW-or FCA-WF-coupled 

agarose beads as indicated and cauliflower protein extract. The 

affinity-purified proteins were separated by SDS-PAGE, electroblotted, 

and probed with labeled recombinant FCA:HMK:WW protein 

as detailed in Experimental Procedures. When run alongside wide 

molecular weight markers (Sigma), this protein migrates with an 

apparent molecular weight of 84 kDa. 

(B) Affinity precipitation with FCA WW-coupled agarose beads from 

extracts of Arabidopsis Ler, fpa-2, fve-1, fwa-1, ap1, and fy-1, followed 

by Far Western analysis with FCA:HMK:WW reveals an interacting 

protein migrating with an apparent molecular weight of approximately 

84 kDa in all backgrounds except fy-1.

The consequence 

of this mutation (fy-1) is that any protein made from 

this mRNA would be truncated, consisting only of the 

WD-repeats, and it would lack the Pro-Pro-Leu-Pro sequences 

we predicted would interact with the FCA WW 

domain. This is consistent with our inability to detect 

an interaction between FCA and the 84 kDa protein 

in extracts of fy-1 (see Figure 2B). (simon et al. 2003)
http://mama.indstate.edu/users/stuart/rdna/reclec/mbch20b/tsld013.htm

Positional-Candidate Cloning

· Positional Approach first (mapping) 

· Candidate Approach second 

· search through cloned cDNA’s and EST’s 

· candidates? Clone genes and characterize 

· look for mutations in affected individuals 

· More likely as more genes cloned, sequenced 

http://www.brunel.ac.uk/depts/bio/GATC/positional_candidate_gene_cloning/positional_cloning.htm

Positional Cloning

Positional cloning is one of four main approaches to locate and clone inherited disease genes.

It has been used quite successfully 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 in the pathology observed. A classical example is the cloning of the CF-gene.
Positional cloning was widely used from the mid 1980 to the late 1990s 

The experimental steps involved are as follows

1. Approximate location of candidate genes (genome scan, linkage analysis, association studies ->generation of flanking markers delineating candidate region 

2. Establishing a clone-based contig 

3. Identification of coding regions - candidate genes (Zoo-blotting, exon trapping, cDNA selection) 

4. Gene expression studies (Northern, RT-PCR etc.) 

5. Mutational analysis 

6. Functional analysis 

In recent years positional cloning has evolved into positional candidate cloning, mainly due to the rapid advances made in Human Genetics, facilitated by the human Genome Project. It is a more directed approach bypassing several steps such as contig building and gene finding and uses a more 'in silico approach'.

The main steps are as follows:

1. Due to haplotype mapping the candidate region should locate the candidate gene within not more that 0.5 cM 

2. Retrieve the genomic data for that region from relevant database containing approx. 6 candidate genes (including the exon structure and any possible alternative splicing) 

3. Obtain gene expression data from SAGE or microarray database (1-2 genes) 

4. Consult gene mutation database whether any known mutations are described for this gene 

5. Consult protein motif and structure database whether anything is known about functional domain etc. 

6. Consult protein interaction database to analyse interacting proteins 

7. Analyse other animal database to identify orthologues 

8. Backup this information with a few experiments (mutational analysis of all exons via gene chip technology or direct automated sequencing of PCR amplified exons) 

This methodology will cut the time required for identifying disease genes by up to 90%.

This higher throughput is required since it needs to be pointed out that the time of cloning single gene disorders is over. The new frontier is now the study of polygenic diseases, which requires the identification of several different genes all of them making some contribution to the disease state.

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. 

http://www.tau.ac.il/~karena/docs/Gen_L3.pdf

Positional-candidate

cloning

Identifies candidate

genes by a combination

of their map position,

expression, function or

homology.
Conclusions
“Progress in understanding the molecular basis of processes that control flowering, especially in such systems as Arabidopsis … may also open up the possibility of manipulating genes involved in flower development to engineer crops with reduced risk of gene transfer(Daniell et al. 2002).”
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