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The Dean lab is investigating the molecular control of flowering time. We are focusing specifically on the acceleration of flowering by a long period of cold temperature, a process known as vernalization. In nature, vernalization ensures that plants overwinter vegetatively and flower in the favourable conditions of spring. The majority of crops grown in northern Europe and Canada (wheat, barley, oilseed rape and sugarbeet) have been bred with a strong vernalization requirement to extend geographical range or prevent bolting. Using Arabidopsis thaliana as a model system in which to study vernalization we are analysing genes conferring a vernalization requirement and are identifying and characterising genes that mediate a vernalization response. 
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There is a steady increase in the cultivated area of transgenic crops all over the world. The new traits that are incorporated in these crops include resistance to herbicides, insect pests and viral diseases. 

I don’t know what the fuck these guys were hoping to accomplish but I’ll look at their discussion. Talk about the importance of transgenic plants in research (use the paper from the 4301 paper as an example). Mention the floral dip (plant transformation) and positional cloning (candidate).

“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).”
Background
Novel methods: the prof expressly mention candidate cloning, plant transformation and expression ananlysis!
Gst pull down, floral dip, dCAPS, 

Methods and Results

Plant Transformation

Plant Transformation using Agrobacterium

Agrobacterium
1. Insert gene into Agrobacterium.
2. Add Agrobacterium to plant cells in culture. Agrobacterium integrates gene into plant chromosome. 
3. Regenerate plants.

Transformation of Arabidopsis thaliana by Floral Dip
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 if a suitable surfactant was used making an already convenient protocol easier and even more convenient (Clough and Bent, 1998).
Affinity Purification and Far Western: 
The search for the interacting protein

Candidate cloning:
 The search for the interacting protein continues (dCAPs, GST-pull down used)
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 :
First, the fy-1 mutation had been genetically mapped to 0.6 cM north of tt4 (Genetic Marker from http://www.arabidopsis.org/servlets/TairObject?type=marker&name=tt4 ) on Arabidopsis chromosome V (Koornneef et al., 1994).

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) :
Second, the size of the predicted open reading frame (ORF) would be approximately 84 kDa.

An annotated but previously uncharacterized gene (At5g13480) north of tt4 on Chromosome V (Figure 3A) predicted to encode a WD-repeat protein with Pro-Pro-Leu-Pro sequences in the C-terminal region was identified. The sequence of FY cDNA was completed and found to differ from the predicted annotation. The gene comprises 18 exons and 17 introns and encodes a protein with 7 WD-repeats and Pro-Pro-Leu-Pro sequences in the C-terminal region (Figure 3C). 

3. Obtain gene expression data from SAGE or microarray database (1-2 genes) :
Third, WW domains typically interact with proline-rich sequences, so these would likely be present in the ligand.
4. Consult gene mutation database whether any known mutations are described for this gene :
Fy-1 is the mutant form!! (      

5. Consult protein motif and structure database whether anything is known about functional domain etc. :
Since WW domains can be classified on the basis of their ligand specificity .… we examined the sequence of the FCA WW domain and found …. the primary sequence of the FCA WW domain most closely resembles that of FBP11 (Macknight et al., 1997), a group II WW domain containing protein that binds the consensus Pro-Pro-Leu-Pro (Sudol and Hunter, 2000). 

6. Consult protein interaction database to analyse interacting proteins 

7. Analyse other animal database to identify homologues. :

FY is a highly conserved plant protein. The full-length sequence of related expressed sequence tags (ESTs) from Sorghum bicolor and Medicago truncatulata was determined. The alignment of these sequences with Arabidopsis FY reveals that the WD repeat region is particularly highly conserved, exhibiting 84% and 85% identity with the Sorghum and Medicago sequences, respectively. The C-terminal region of Arabidopsis FY is less well conserved, exhibiting only 42% and 43%

Our work raises general questions about the composition 

of complexes regulating RNA 3. end formation in all 

eukaryotes. Pfs2p/FY are highly conserved eukaryotic 

proteins (Figure 7A). The function of Pfs2p in S. cerevisiae 

3. end formation has been clearly demonstrated (Ohnacker 

et al., 2000), and we have shown here that FY is 

required for the regulated 3. end formation of FCA premRNA. 

It therefore seems likely that all these Pfs2p/FY-

like proteins will turn out to function in 3. end formation. 

However, the human homolog, WDC146, has not been 

identified in complexes that carry out cleavage and polyadenylation in vitro (Zhao et al., 1999).
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) 

Analysis:


Research strategies

In order to determine whether the FCAWWprotein interaction

domain was required for the function FCA performs

in flowering time control, we mutated the second

signature tryptophan (W) to phenylalanine (F). The same

mutation has previously been reported to maintain the

folded state of theWWdomain of p53 binding protein-2,

while perturbing its ability to interact with its target ligand

(Koepf et al., 1999).
Leaf number is closely correlated

with flowering time (Koornneef et al., 1991) and was

used to quantify the time of the floral transition.
First, the fy-1 mutation had

been genetically mapped to 0.6 cM north of tt4 on Arabi-
dopsis chromosome V (Koornneef et al., 1994).
A G-A mutation at a predicted 3_ splice acceptor site was detected in fy-1 genomic DNA (Figure 3B). The

existence of this mutation was confirmed through use of a derived cleaved amplified polymorphisms (dCAPs) marker.


Novel methods

Experimental Procedures 

Plant Material, Growth Conditions, and Flowering 

Time Analyses 

The Ler, fca-1, fpa -2, fwa-1, fve-1, and fy-1 lines were originally 

obtained from M. Koornneef (Wageningen University), fy-2 was obtained 

from Syngenta, and gi-3 was from George Coupland (Max-

Planck Institute, Cologne). Flowering time measurements were performed 

as previously described (Macknight et al., 2002). 

Plasmid Construction 

The WF mutation was introduced into pFCAcDNA (Macknight et al., 

2002) with oligo W23F (5
-cctcaggtttttcgaacttgctttcacc) by using 

the U.S.E. Mutagenesis kit (Pharmacia Biotech) to create pFCAcD-

NAWF. An EcoRI, XhoI fragment of pFCAcDNAWF was subcloned 

into pSLJ755I5 (Jones et al., 1992). GST-HMK-FCA was prepared 

by amplifying pFCAcDNA (Macknight et al., 2002) by PCR with 

FCA_E2 (5
-ctgccaccacaggaattcatcagccgtgc) and FCA3
a(5
-aggc 

cattgtttggcagctc). Amplified DNA was cut with EcoRI and EcoRV 

and cloned into pGTK (Stone et al., 1994) to make pGTK-A1. A 

BamHI, XhoI fragment was subcloned from this vector into pGex-

6P-1 (Pharmacia Biotech) to create pGex6P-A1. The W-F mutation 

was introduced into pGex6p-A1 using oligo W23F as described 

above. GST:FCA-WW was prepared by mutating pFCAcDNA (Macknight 

et al., 2002) with the Kunkel procedure (Kunkel, 1985) to introduce 

an EcoRI site with GSO213 (5
-gagccaaagaggcctaaatctaga 

gaattccctggcgagtcaagggac) and a SalI site with GSO210 (5
-atgtg 

gaagaataaaacttgacgtcgacctggtacatgagacgaggag) to create 

pGGS214. An EcoRI, SalI fragment was subcloned from pGGS214 

into pGEX-6p-1 to make GST:FCA-WW. GST:FCA-WF was prepared 

by subcloning an EcoNI fragment from pFCAcDNA-WF into 

pGGS214 to create pGGS214WF and an EcoRI, SalI fragment was 

then subcloned from here into pGEX-6p-1. A 5. fragment of FY 

was obtained by performing RT-PCR on Arabidopsis (Col) RNA with 

GSO365 (5
-gtaatctgcagctgtatgatataagg) and GSO395 (5
-cattg 

gaagcatttgctgggg). The amplified product was cloned into pGEM-

Teasy (Promega), creating pGGS322. FY coding sequence was amplified 

by PCR with GSO445 (5
-cggaattcatgtacgccggcggcg) and 

GSO385 (5
-cctccatcatcaccagaaacc). Amplified product was cut 

with EcoRI and HindIII and subcloned into FY EST (BG459222) to 

create full-length FY, pGGS338. 35S::FY was prepared by amplifying 

pGGS338 by PCR with GSO446b (5
-ggaattcaattcaataaaccatg 

tacgccggcggcg) and 35SR (5
-cgggatccctactgatgttgctgattgtt). Amplified 

product was cleaved with EcoRI and BamHI and cloned into 

pSOV (Mylne and Botella, 1998). 

Expression Analysis 

Protein and total RNA extractions were made with TRIZOL (Invitrogen), 

while poly(A). RNA was purified as described (Quesada 

et al., 2003). Western and Northern analyses were performed as 

previously described (Quesada et al., 2003). Northern analysis of FY 

expression was performed with a probe prepared by amplifying the 

FY cDNA with FY1F (5
-aatcccgaattcgttcttatgcagaacc) and FY1R 

(5
-cgcggatccctactgatgttgctgattg). 

Plant Transformation 

Transgenes were introduced into Agrobacterium strain C58C1 

pGV2260 by triparental mating and transformed into either Arabidopsis 

thaliana Ler or fca-1 by floral dip (Clough and Bent, 1998). 

Affinity Precipitation and Far Western 

FCA#6 protein (Macknight et al., 2002) was coupled to N-hydroxy-

succimidyl chloroformate activated agarose (Sigma) as described 

(Harlow and Lane, 1988). The coupling reaction was buffered in 0.1 

M NaPO4 (pH 7.6), and the agarose beads were blocked with 0.1 M 

ethanolamine throughout the coupling reaction in order to reach 

approximately 80% coupling efficiency. Beads with FCA protein 

bound in the range of 0.6 to 1.0 
g protein per 
l beads were used 

in affinity precipitation experiments. 

400 mg fresh-weight of Arabidopsis seedlings (harvested 12 days 

after germination) were crushed in liquid N2 and resuspended in 

12.5 mM Tris (pH 7.5), 150 mM NaCl, 1% SDS. Following incubation 

at 100
C for 5 min, cell debris was removed by centrifugation at 

13,000 . g for 3 min. SDS was precipitated from the supernatant 

by incubation in an ice/water bath. 1 ml of the supernatant was 

then transferred to a fresh microfuge tube containing 20 
l FCA#6 

protein-coupled beads. The beads and extract were mixed by endover 

rotation for 2 hr at 4
C and then washed three times with 500 


l TBST (25 mM Tris [pH 8.0], 137 mM NaCl, 2.7 mM KCl, 0.1% v/v 

Tween-20). After the last wash, 20 
l SDS-PAGE loading buffer 

was added and the sample was incubated at 100
C for 3 min and 

centrifuged, and the supernatant was separated by SDS-PAGE. Proteins 

were electroblotted to PVDF membrane (Millipore). The membrane 

was blocked in TBST plus 1.1% w/v dried milk powder for 

90 min. Fresh blocking buffer was added with 0.5 . 106 cpm of 

labeled WW domain protein (1 
g purified HMK target sequence 

tagged-FCA protein was phosphorylated as described [Braun et al., 

1997]) in 15 
l using 25 
Ci [
-32P]ATP and incubated with gentle 

agitation for 6 hr at 4
C. The membrane was washed four times with 

cold TBST at 4
C and the filter was exposed to a phosphoimaging 

screen. 

GST In Vitro Pull-Down Assay 

FY was translated in vitro with TnT T3/T7 coupled reticulocyte lysate 

(Promega). 10 
l bed volume of washed GST, GST-WW, and GST-

WF bound Sepharose was blocked for 30 min at 4
C in 1.5 mg·ml

1 

BSA, 0.1 mg·ml

1 glycogen. After blocking, the GST-coupled Sepharose 

was washed three times with IP buffer (12.5 mM Tris-HCl [pH 

7.5], 150 mM NaCl, 0.01% v/v NP-40). TnT translation products (15 


l) were added to the blocked and washed GST fusion Sepharose, 

mixed by end-over rotation at 4
C for 2 hr, and washed three times 

with IP buffer. The Sepharose beads were then resuspended in 20 


l SDS-PAGE loading buffer and incubated for 5 min at 100
C, and 

released proteins were separated by SDS-PAGE. Following electrophoresis, 

gels were fixed, dried, and exposed to a phosphoimaging 

screen for detection of labeled proteins. 

Cell 

Identification of fy-1 and fy-2 Mutations 

DNA was isolated from fy-1 and amplified by PCR and sequenced. 

The fy-1 mutation was confirmed by dCAPs: DNA was amplified by 

PCR with GSO420 (5
-gcgaccaaaaccttgttcactaaagc) and GSO421 

(5
-aactcagacccaagtactcgg). PCR product was cleaved with HindIII. 

DNA amplified from fy-1 is cut in this reaction, while DNA amplified 

from wild-type plants is not. 

fy-2 was identified by searching the Syngenta T-DNA insert collection 

for insertions in FY. Line GARLIC 657D4 has an insertion within 

FY exon 16. The insertion site was confirmed by sequencing and 

monitored by PCR amplification with FY4 (5
-ctgttggaaagggttgttg 

tagcctggaatc) and LB3 (5
-tagcatctgaatttcataaccaatctcgatacac). 

Complementation of fy 

Despite exhaustive attempts, we were unable to transform fy-1 directly 

by conventional procedures (Clough and Bent, 1998). Therefore, 

a transgene designed to express FY from the CaMV 35S promoter 

was introduced into wild-type Ler. Transgenic plants carrying 

single locus insertions were identified and a 35S::FY line was 

crossed to fy-1. The resulting segregating F2 populations were analyzed 

for flowering time. All homozygous fy-1 plants that expressed 

35S::FY flowered as early as wild-type.
Discussion of major findings
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