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From Tair page

Arabidopsis thaliana is a small flowering plant that is widely used as a model organism in plant biology. Arabidopsis is a member of the mustard (Brassicaceae) family, which includes cultivated species such as cabbage and radish. Arabidopsis is not of major agronomic significance, but it offers important advantages for basic research in genetics and molecular biology. Click on the link to NCBI's Taxonomy Browser to view Arabidopsis taxonomy or view the Brassicaceae 

· Small genome (114.5 Mb/125 Mb total) [ 91.2%] has been sequenced in the year 2000 (SequenceViewer, AGI). 

· Extensive genetic and physical maps of all 5 chromosomes (MapViewer). 

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

· Prolific seed production and easy cultivation in restricted space. 

· Efficient transformation methods utilizing Agrobacterium tumefaciens. [floral dip] 

· A large number of mutant lines and genomic resources (Stock Centers). 

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

From: http://www.nsf.gov/bio/pubs/arabid/chap1.htm#p1
During the last 8 to 10 years, Arabidopsis thaliana has become universally recognized as a model plant for such studies. Although it is a non-commercial member of the mustard family, it is favored among basic scientists because it develops, reproduces, and responds to stress and disease in much the same way as many crop plants. What's more, Arabidopsis is easy and inexpensive to grow, and produces many seeds; this allows extensive genetic experiments, often involving tens of thousands of plants. Also, Arabidopsis has a comparatively small genome, thereby simplifying and facilitating genetic analysis. Compared to other plants, it lacks the repeated, less-informative DNA sequences that complicate genome analysis.

But how can discoveries with Arabidopsis contribute to the development of improved crops? Simply put, 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 crop plants can be better understood via study of their Arabidopsis homologues. So knowledge gained from Arabidopsis on the defense mechanisms against pathogens, for example, can be used directly to develop disease-resistant plants in other species. 

Such advantages have made Arabidopsis a model organism for studies of the cellular and molecular biology of flowering plants. TAIR collects and makes available the information arising from these efforts. 
Then mention what the focus of this lab is…. Want to know how FY interacts with FCA to control Floral transition.
The nuclearRNAbinding protein, FCA, promotes Arabidopsis reproductive development. FCA contains a WW protein interaction domain that is essential for FCA function. We have identified FY as a protein partner for this domain. 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 regulates RNA 3_ end processing in Arabidopsis as evidenced through its role in FCA regulation. 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. The FCA/FY interaction is also required for the downregulation of the floral repressor FLC. We propose that FCA controls 3_ end formation of specific transcripts and that in higher eukaryotes, proteins homologous to FY may have evolved as sites of association for regulators of RNA 3_ end processing.

From previous research know of 3 pathways



1. photoperiod promotion pathway



2. phytohormone gibberellin


3. autonomous pathway (for all of these see p.777) The genetically defined autonomous pathway currently comprises six mutants, fca, fy, fpa, fve, ld, and

fld

Illustrate the pathway and the mentioned transcription factors (FLC very important and mention how positional cloning was used)

Go over FCA (ww domains) what it is responsible for (and its 4 forms)

From: http://www.cc.ndsu.nodak.edu/instruct/mcclean/plsc431/genomic/genomic6.htm
Map-based or Positional Cloning of Genes 

If you have identified markers that is flank your gene and identified a clone to which the markers reside, you are on your way to determining where that gene resides. What you are going to do is a procedure termed chromosomal walking. This involves identifying the clone to which your markers reside and mapping the STS sites on that clone in your populaton. If the linkage distance does not improve, you next go to STS sites located on adjacent clones. Your repeat this process until you have a markers associated with a clone that co-segregate with your gene. What this means is that whenever one allele of your geneis expressed, the markers associated with that allele is also present, that isthe population does not show recombination. To speed the cloning process, it is best to have a marker that is tightly linked to the gene with which your are working. Therefore you will not have to do alot of additional screening. 

Because you have your gene flanked on a single clone between two markers, you now know that the gene must be between those two markers. If the clone has been sequenced, you look for possible genes in that region. A gene would be recognized by looking for open reading frames (ORFs), sequences that most likely will encode a gene product. In the best situation, only a single ORF is found, but this often is not the case. Usually several possible ORFs are found. 

What is next done depends upon your species. For plants, a direct proof is possible. The candidate gene is introduced into a genotype that is mutant for the gene by a genetic engineering technique called plant transformation. The transgenic plant (the product of plant transformation) is analyzed, and if the gene that is introduced confers the wild type phenotype then you know you have cloned the gene. 

For species such as humans, the development of transgenics is not possible. Therefore a mutational analysis is required. A library is made of individuals expressing the mutated gene. The ORFs are used as probes to select complementary sequences from the library containing mutant DNA. Next the ORFs are sequenced and compared with the ORFs from the normal DNA library. That ORF from the mutant library which is a different from its counterpart in the normal library is a strong candidate for the gene. Expression studies must be performed to further confirm the conclusion. That is, the clone should hybridize to mRNAs in tissues in which the gene is expressed, and it should show some different pattern of expression. Again, this is the simple scenariio. As you can imagine, much more complex analyses may be necessary to confirm that a gene has been cloned. 
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From: http://www.informatics.jax.org/silver/10.3.shtml
There are two stages in the process of positional cloning. The first stage is the focus of a major portion of this book: to use formal linkage analysis and other genetic approaches — as tools — to find flanking DNA markers that lie very close to the locus of interest. With these markers in hand, one can move to the second stage of this pathway: 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. 

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

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.
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.
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)

FY and what it does to interact w/ FCA

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 : 

(i) two conserved tryptophans (W) spaced 20-22 amino acids apart; 

(ii) a block of two or three aromatic amino acids located centrally between the two signature tryptophans, and 

(iii) a conserved proline located three amino acids carboxyterminal to the second conserved tryptophan. 

The WW domain binds proline-rich or proline-containing ligands with dissociation constants in the range of 1 to 50 microM. Based on the ligand binding specificity, the WW domains can be divided into five groups (see *Classification of WW domains). One of the groups, Group IV represented by Pin1 WW domain has been shown to function as a phosphoserine- or phosphothreonine-binding module, adding to the relatively wide range of motifs recognized by WW domains. Three-dimensional structures of WW domains derived from different proteins have been solved by NMR spectroscopy or by X-ray crystallography (see Molmol figures of WW domains and complexes with 'PDB' coordinates). The WW domain seems to be evolutionary well conserved. It is present in plants, yeast, worm, fly, and vertebrates. The WW domain is an intracellular module because it occurs in cytoplasmic and nuclear proteins. The WW domain has become a subject of general interest because several signaling complexes that the domain mediates have been implicated in human diseases including Muscular Dystrophy, Alzheimer's Disease, Huntington Disease, Liddle Syndrome of hypertension and recently in Cancer. 

From: D:\Media\My Documents\Carleton stuff\COURSES\BIO\4301\The Scripps Research Institute - News and Views.htm
The "WW" refers to the fact that there are two conserved tryptophan residues in the hundreds of sequences comprising this domain family (tryptophan is abbreviated "W").
Transcription factors: 
FCA. FCA encode RNA binding proteins; We have been studying FCA in order to understand the role and regulation of the autonomous pathway in flowering time control. 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)]; FCA contains a WW domain. ; The regulation of FCA expression is complex. 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) 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. The autoregulation of FCA expression is developmentally regulated and has a functional consequence for flowering time control;  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. 84kbp ; We have found that FCA interacts with FY, a previously uncharacterized component of the autonomous path- way. FY encodes a protein that is highly conserved in eukaryotes, and its homolog in S. cerevisiae functions in pre-mRNA 3_ end formation. We show that FY is required for the negative autoregulation of FCA expression, which involves alternative poly(A) site selection in the FCA pre-mRNA.
FLC. floral repressor, FLOWERING LOCUS C
Bring it on bitches.

Lets roll!!!

1.Arabidopsis flowering time is regulated by the quantitative integration of environmental

signals with an endogenous program of development (Mouradov et al., 2002; Simpson and Dean, 2002).

2. Genes required for the promotion of flowering have been identified through the characterization of late-flowering mutants that comprise genetically separable pathways (Mouradov et al., 2002; Simpson and Dean, 2002).

Mutations that delay flowering in long- but not short-day photoperiods have been classified in the photoperiod promotion pathway. 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. A third pathway, the autonomous pathway, promotes flowering in long- and short-day photoperiods and controls the expression of a floral repressor, FLOWERING LOCUS C (FLC) (Michaels and Amasino, 1999; Sheldon et al., 1999),

4. The genetically defined autonomous pathway currently comprises six mutants, fca, fy, fpa, fve, ld, and

fld (Simpson and Dean, 2002). 
5. FCA and FPA encode RNA binding proteins (Macknight et al., 1997; Schomburg et al., 2001), and LD encodes a homeodomain protein (Lee et al., 1994), while FVE, FY, and FLD have not yet been characterized. 

6. We have been studying FCA in order to understand the role and regulation of the autonomous pathway in flowering time control. FCA is a nuclear protein with two RNA recognition motif (RRM)- type RNA binding domains that can bind RNA in vitro (Macknight et al., 1997; Quesada et al., 2003). 

7. In addition, FCA contains a WW domain. This conserved protein interaction module is found in a range of eukaryotic proteins that function in diverse cellular processes (Sudol and Hunter, 2000). 

8. WW domains have recently been classified into four groups on the basis of their ligand specificity (Bedford et al., 2000; Sudol and Hunter, 2000).

9. The resolution of cocrystal structures of WW domains complexed with their ligands has led to a clearer under- standing of the mechanism by which specificity in these interactions is determined (Bedford et al., 2000; Huang et al., 2000; Verdecia et al., 2000; Zarrinpar and Lim, 2000). This classification therefore provides a predictive tool for identifying WW domain ligands.

10. The regulation of FCA expression is complex. FCA pre-mRNA is alternatively processed, resulting in the formation of four different transcripts, alpha, beta, gamma, and delta (Macknight et al., 1997). 

11.We have discovered that a principal level of control involves negative feedback of expression mediated by FCA itself (Quesada et al., 2003).

12. Full-length FCA protein (FCA-gamma) 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. The autoregulation of FCA expression is developmentally regulated and has a functional consequence for flowering time control (Quesada et al., 2003). 

13. FCA autoregulation presets the level of active FCA expression (which is typically limiting; Macknight et al., 2002), 
14.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 (Quesada et al., 2003).

In order to determine the mechanism by which FCA controls the floral transition, we searched for proteins that interacted with FCA through its WW domain. We have found that FCA interacts with FY, a previously uncharacterized component of the autonomous path- way. FY encodes a protein that is highly conserved in eukaryotes, and its homolog in S. cerevisiae functions in pre-mRNA 3_ end formation. We show that FY is required for the negative autoregulation of FCA expression, which involves alternative poly(A) site selection in the FCA pre-mRNA. Our results suggest that FCA and FY function together in a molecular complex to regulate RNA 3_ end formation and control the floral transition.

mal 3_ end (Quesada et al., 2003). Our data therefore

supports a model in which FCA would promote proximal

poly(A) site selection by binding RNA close to this site

with its N-terminal RNA binding domains), while simultaneously

interacting with FY and the 3_ end-processing

machinery through its WW domain. In this way, FCA

would act as a regulator of 3_ end formation by tethering

or stabilizing the 3_ end-processing machinery to an

otherwise weak poly(A) site and thereby actively promot-

ing its selection (Figure 7). No precedent exists for a

regulatory factor interacting directly with the 3_ end-

processing machinery in order to modulate the site of

3_ end formation (Zhao et al., 1999).

We propose that FCA is a regulator of 3_ end forma-

tion, while FY (by sequence similarity) is a conserved

component of the 3_ end-processing machinery. It

seems unlikely that FCA is involved in constitutive 3_

end formation. First, since the early flowering flc-3 null

allele is epistatic to fca loss-of-function mutants, the

late-flowering phenotype of fca can be explained exclu-

sively by its role in regulating one gene, FLC, as opposed

to the accumulated misregulation of multiple transcripts

Michaels and Amasino, 2001). Second, consistent with

a regulatory role, the level of FCA expression is normally

limiting for flowering, since elevated levels of FCA protein

promote precocious flowering (Macknight et al.,

2002; Quesada et al., 2003). Third, the role of FCA and

FY can be genetically separated: fy-1fpa-1 double mutants are lethal, but fca-1fy-1 or fca-1fpa-1 double mutants

are not (Koornneef et al., 1998). Therefore, FY must

perform an additional essential function separate from

its interaction with FCA. Although the hypomorphic na-

ture of fy-1 and fy-2 means that we cannot as yet distinguish whether FY acts in constitutive or regulated 3_
end formation, these genetic data reveal that FCA plays

a more limited regulatory role in plant development than

FY. The further examination of this model will require

the characterization of null fca and fy alleles and the

identification of FY protein partners.

The known downstream target for FCA and FY in flow-

ering time control is FLC (Michaels and Amasino, 1999,

2001; Sheldon et al., 1999). Through genetic analysis,

we have shown here that FY and an intact WW domain

are necessary both for FCA to autoregulate its expression and for the function FCA performs in regulating FLC
mRNA accumulation. This indicates that the molecular

mechanisms involved in both these processes may be

similar (Figure 7). FCA and FY could therefore regulate

3_ end formation of either FLC pre-mRNA directly or

of an unidentified intermediate. Molecular and genetic

approaches are now being undertaken to distinguish

between these possibilities. So far, we have not detected alternatively polyadenylated transcripts of FLC
through Northern analysis of wild-type, fca-1, or fy-1

mutant backgrounds. This may be because such transcripts are not stable: transcripts that are cleaved and
polyadenylated at sites that do not include in-frame upstream

stop codons are subject to nonstop decay

(Frischmeyer et al., 2002). It is conceivable that this RNA

decay pathway could be deliberately exploited through

regulated 3_ end formation as a means to control gene

expression.
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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.




