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Figure 7. The FT locus. 
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4.4. Impact of T-DNA insertions in FT regulatory sequences 

Since both conserved sequence regions in the promoter and the chromatin context seem to 

play a role in FT regulation, one may assume that insertions of foreign DNA into FT 

regulatory sequences might influence gene expression. Therefore, flowering time of plants 

with T-DNA insertions in different regions of the FT promoter were analysed (Figure 8). 

While most lines were not affected in timing of flowering, line #5 (SALK_038707) flowered 

after forming around 10 leaves more than wild type plants. Line #5 carries a T-DNA insertion 

around 3550 bp upstream of the start codon. Since the insertion site is not highly conserved 

(Figure 7C), further work will be directed towards the analysis if the T-DNA has an impact on 

H3K27me3 distribution and TFL2 binding. Interestingly, line #4 has apparently no effect on 

flowering although it is inserted in a similar chromatin environment and also separates the 

proximal promoter from the distal regulative region. The T-DNA flanking sequence on both 

sides of the insertions and the size of the insertion will be confirmed. It is possible that 

multiple T-DNA insertions in line #5 affect the spacing of important cis-regulatory elements. 

 

 
Figure 8. T-DNA insertion lines at the FT locus. 
(A) Schematic diagram of the FT locus and the locus of T-DNA insertions in plants from different T-DNA plant 
collections. Exons of FT and the flanking gene FAS1 are represented as dark blue boxes, untranslated regions in 
light blue. Arrows indicate the direction of transcription. Promoter constructs used for analyses are represented by 
turquoise boxes; T-DNA insertions are represented as red triangles.  
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Figure 8. See previous page. 
(B) Flowering time of plants carrying a homozygous T-DNA insertion in the FT locus. Plants were grown in 
climate controlled glasshouses under LD conditions. Number of rosette and cauline leaves are depicted as the 
mean ± SE from a varying number of homozygous lines (n). 
 

4.5. Impact of FLC levels on FT expression 

Based on studies showing that negative regulators like FLC and SVP bind to regions of the 

intron 1 of FT (Helliwell et al., 2006; Searle et al., 2006; Lee et al., 2007), it might be likely, 

that at least the first intron has regulatory functions. To study the impact of intron 1 on FT 

regulation the proximal part of FT, from the ATG to the middle of the second exon, was fused 

with the GUS gene (FTE1I1E2:GUS). The FTE1I1E2:GUS fusion under the control of the 8.1 kb 

FT promoter was introduced into low FLC expressing Col plants as well into FRI plants (Col 

ecotype) which contain high levels of FLC as they contain a functional FRI allele introduced 

from a winter-annual accession (Michaels et al., 2005; Helliwell et al., 2006; Searle et al., 

2006). After four weeks of vernalization under non-inductive SD conditions, plants were 

grown for 10 days in LD conditions. The non-vernalized samples were taken from 10-day-old 

seedlings grown in LDs without cold treatment. Expression was analysed by histochemical 

localisation of GUS activity (Figure 9A) and quantitative real-time PCR of GUS transcripts 

(Figure 9B). 

As expected, FLC levels were low in Col wild type plants, but nonetheless vernalization led to 

further reduction. FT mRNA accumulation was slightly increased in the vernalized sample.  

This accumulation might be an effect of reduction of FLC or because during the vernalization 

under SD conditions seeds started to germinate and were therefore slightly ahead in 

development. In two samples (8.1kbFTp::FTE1I1E2:GUS Col #6 and #7), FT was expressed 

before vernalization, but levels were lower when compared to other Col samples. Expression 

of 8.1kbFTp::GUS could be detected in vernalized and non-vernalized Col plants. Since the 

transgene in the lines used was segregating, the possible impact of vernalization expression 

was not clear. From the histochemical localisation of GUS, it seemed that expression of 

8.1kbFTp::GUS Col was slightly higher after vernalization which might be again caused by 

differences in the developmental state (Figure 9A). 
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Figure 9. Impact of FLC levels on FT expression. 
(A) Whole-mount analyses of GUS expression patterns of 8.1kbFTp::GUS and 8.1kbFTp::E1I1E2:GUS in Col and 
FRI background. Seedlings were grown on soil in LD conditions for 10 days without vernalization or after four 
weeks of vernalization. Inserts show higher magnifications of areas of the distal half of leaves. 
(B) Quantitative real-time PCR of GUS, FT and FLC expression in Col and FRI seedlings carrying 
8.1kbFTp::GUS and 8.1kbFTp::E1I1E2:GUS (hemizygous T2 generation). Plant material was harvested at ZT 16 
on LD 10 from the same plants shown in (A). Molarity of mRNA [pmol] was calculated and normalized by Actin 
[pmol]. Error bars represent SE of the mean. Data are based on one experiment.  
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Strikingly, no GUS signal could be obtained in plants containing 8.1kbFTp::FTE1I1E2:GUS 

(Figure 9A), although mRNA analysis revealed that FTE1I1E2:GUS was expressed in Col 

plants in line #2 and #6 (Figure 9B). As the levels of FTE1I1E2:GUS expression reached 

amounts comparable to those obtained in 8.1kbFTp::GUS Col #1 and  #3, GUS activity should 

have been detectable in the histochemical GUS assay. Further, expression analysis with 

different primer combinations (Figure 10B) did not reveal any mis-splicing of the 

FTE1I1E2:GUS fusion transcript. Amplification with a primer pair binding to the first exon of 

FT and the GUS reporter gene generated a PCR product whose size was consistent with the 

spliced form of the FTE1I1E2:GUS transcript (Figure 10A). Amplification with a primer that 

anneals in the first intron of FT detected unspliced transcript generated by the transgene. 

However, similar amounts of unspliced transcript were also detected for endogenous FT 

mRNA and therefore inefficient splicing can not explain the discrepancy in GUS activity 

detection per se (Figure 10A). 

 
Figure 10. Transcript analysis of 
8.1kbFTp::GUS and 8.1kbFTp::FT 
E1I1E2:GUS Col plants. 
(A) Semi-quantitative RT-PCR (35 
cycles) of 10-day old seedlings grown 
in LD conditions without vernalization. 
Plant material was harvested at ZT 16. 
Expression was analysed using a GUS 
specific primer pair and primers 
depicted in (B).  
(B) Binding sites of primers used for 
expression analysis. Red indicated 
primer pairs bind to transcript of 
FTE1I1E2:GUS fusion while blue 
colored primer bind to endogenous FT 
mRNA. 

 

While FLC expression was high in non-vernalized FRI plants, expression levels decreased in 

vernalized plants and reached levels of non-vernalized Col plants. Conversely, FT levels were 

low before vernalization and high after. The same pattern was detected in 8.1kbFTp::GUS Col 

lines #1 and #6; GUS expression was low in non-vernalized plants and increased after cold 

treatment (Figure 9A and B). In contrast, FTE1I1E2:GUS expression levels remained low in 

vernalized plants (Figure 9B). Therefore, expression of both 8.1kbFTp::GUS and 

8.1kbFTp::FTE1I1E2:GUS was repressed in plants with high levels of FLC. Repression could 

be released in 8.1kbFTp::GUS FRI plants by vernalization, but cold treatment had just a slight 

effect on 8.1kbFTp::FTE1I1E2:GUS FRI plants.  
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4.6. Regulatory function of intragenic FT sequences 

In order to identify all important regulatory elements including those located in the intragenic 

region of FT, we cloned a genomic FT fragment containing the coding region of the FT gene 

with all introns, but the 3’-downstream sequence was replaced with the nopaline synthase 

terminator. The 8.1kbFTp::FTgDNA construct was transformed into ft-10 mutant plants. 

Surprisingly, plants containing this transgene could not rescue the late flowering phenotype 

and flowered like ft-10 mutants (Figure 11A). Expression analysis via quantitative real-time 

PCR showed that the genomic transgene was not expressed. In contrast expression of the FT 

cDNA driven by an identical promoter was detected. Even vernalization did not lead to 

detectable expression (Figure 11B). Re-sequencing of the transgene did not reveal any 

sequence mistakes. Another reason could be that the genomic transcript is post-

transcriptionally silenced in planta because repressive elements downstream of FT are 

required to prevent production of an anti-sense transcript. 

To test if a factor acting in trans is responsible for silencing of the transgene, an 

8.1kbFTp::gDNA ft-10 line was crossed to wild type plants. If silencing would be caused in 

trans, one would expect that endogenous functional FT from wild type would be silenced as 

well. Flowering time analysis showed that crossed plants flowered like wild type plants and 

the control cross of Col with ft-10 (Figure 11C). Therefore, we can rule out that the transgene 

is silenced by a factor acting in trans. Another explanation might be a missing binding site for 

a cis-acting regulator of FT.  It could be that repression mediated by the intragenic region has 

to be overcome by an activator binding to downstream sequences. Since strong and ubiquitous 

expression of FT gDNA by a 35S and SUC2 promoter did not lead to at least partial 

complementation (data not shown), the construct per se is probably not functional. An 12.6 kb 

genomic fragment (12.6kbFTgDNA) spanning the 8.1 kb promoter sequence, the gene coding 

region, and the 2.3 kb downstream sequence (-8095 to +2297) was cloned via homologous 

recombination. Since it has been shown that a 11.8 kb genomic fragment of FT covering 8.9 

kb upstream and 700 bp downstream sequences was able to complement the late flowering 

phenotype of an ft-101 mutant (Takada and Goto, 2003), we expect to rescue the late 

flowering phenotype with that fragment. Nevertheless, a larger construct of 24.0 kb (-8095 to 

+13731) has been generated and transformed to ft-10 plants.  
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Figure 11. Regulatory function of intragenic FT 
sequences. 
(A) Flowering time of ft-10 mutants carrying the 
FT cDNA or the corresponding genomic sequence 
of FT (FTgDNA) under control of an 8.1 kb FT 
promoter fragment. Wild type plants and ft-10 
mutants were analysed as control. Plants were 
grown on soil under ESD conditions. The 
experiment was repeated three times with similar 
results. Number of rosette and cauline leaves of a 
representative example are shown as the mean ± 
SE. 
(B) Quantitative FT expression in 8.1kbFTp:: 
FTcDNA ft-10 and 8.1kbFTp::FTgDNA ft-10 
plants at ZT 16 on day 10. Seedlings were grown 
on soil in LD conditions without vernalization or 
after four weeks of vernalization. Total amount of 
mRNA was calculated in pmol, normalized by 
Actin [pmol] and presented as mean ± SE. Data 
are based on one experiment. 
(C) Flowering time of F1 plants from a cross of 
8.1kbFTp::FTgDNA ft-10 to Col and ft-10 to Col 
wild type. For comparison wild type plants, a 
hemizygous 8.1kbFTp::FTgDNA ft-10 line and  ft-
10 mutants were analysed as well. Plants were 
grown on soil under ESD conditions. The 
experiment was performed once. Number of 
rosette and cauline leaves are shown as the mean ± 
SE. 
 

 

 

 

 

 

 

 

 

4.7. Identification of putative cis-acting elements in the proximal FT 

promoter 

The promoter region close to the transcription start site of FT is highly conserved between 

different Brassicacea plants (Figure 12A). Prediction of putative cis-regulatory elements by 

phylogenetic shadowing was utilized for the proximal FT promoter. A region of around 360 bp 

upstream of the start codon showed  an especially high conservation and was named block D 

(Figure 12A, highlighted in violet). The alignment of the promoter sequences revealed highly 

conserved short stretches which did not contain any known transcription factor binding site 
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(Figure 12B). Blocks of 5-15 bp length were identified on the basis of previous alignments and 

called shadow 1, 2, 3 and 4 (S1-S4) (Figure 12B). Two palindromic sequences flanking S3 

were named P1 and P2. To analyse their importance we generated FT promoter constructs 

with point mutations in these elements (Figure 14A). 

 

 
Figure 12. Identification of putative cis-regulatory elements in the proximal FT promoter. 
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Figure 12. See previous page. 
(A) Pair wise alignment of FT promoter sequences from different species to a 500 bp FT promoter sequence of 
Arabidopsis Col using mVISTA. Graphical output shows base pair identity in a sliding window of 20 bp in a 
range of 50% to 100% identity. Violet area highlights block D, a region which was used for ClustalW alignment 
shown in (B). 
(B) ClustalW alignment of the proximal FT promoter (-358 bp to -1 bp from the ATG, block D). Intensity of the 
colour corresponds with the degree of conservation. Based on previous alignments four conserved blocks were 
identified and called shadow 1 to 4 (S1-S4). A palindromic sequence flanking S3 is labelled with P1 and P2. 
Furthermore, the putative TATA-box and the transcription start side are indicated.   
 

To get a preliminary idea if the identified conserved elements might be involved in FT 

regulation and especially mediation of CO induction, we tested their role in a transient dual-

luciferase reporter assay. Arabidopsis leaves were co-bombarded with two different forms of a 

firefly luciferase. A red light-emitting luciferase (RedLUC) driven by a 35S promoter was used 

as an internal standard for bombardment efficiency while the green light-emitting luciferase 

gene (GreenLUC) was used to assess FT promoter activity. The activities of the enzymes were 

measured with the same in vivo substrate but through different optical filters. The relative 

specificity was calculated by dividing the activity of the green light-emitting luciferase by the 

red light emitting-luciferase activity. To prove if one can measure a reduction in promoter 

activity with the assay, we mixed dilutions of 35S::GreenLUC plasmid with constant amount 

of control plasmid (35S::RedLUC) (Figure 13). The linear slope of GreenLUC activity showed 

that the transient dual-luciferase reporter system is suitable to quantify promoter activities. 

 
Figure 13. Transient dual-luciferase 
reporter assay. 
Col leaves of plants grown in SD were 
bombarded with different amounts of 
35S::GreenLUC and a constant amount 
of 35S::RedLUC constructs. Light 
emission of the green and red light 
emitting luciferases was measured 
through corresponding filters. Light 
emission of GreenLUC was normalized 
with light emission of RedLUC. Data 
from four independent experiments are 
shown as the mean ± SE.  
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Figure 14. Analyses of putative cis elements in the proximal FT promoter. 
(A) Name and sequence of analysed putative cis elements. Degree of conservation is visualized by WebLogo. 
Sequence changes made in mutated promoter versions are shown below the original sequence.  
(B) 1.0kbFTp::GreenLUC constructs carrying mutations in the different putative cis elements of the promoter 
were used for a transient expression assay. Resulting light emission was normalized to light emission of a co-
bombarded RedLUC. CO-dependent transcriptional activation was analysed by co-bombardment of 35S::CO. 
Mean ± SE is based on at least three independent experiments. 
(C) Spatial GUS expression pattern in first true leaves of Col and 35S::CO plants carrying mutated versions of 
the 8.1kbFTp::GUS construct. Transgenic lines carrying 8.1kbFTp-P1/P2mut::GUS in Col and 35S::CO 
background are based on independent transformations, while other lines were generated by crosses. Transgenic 
plants were grown for 10 days on GM medium under LD conditions. 
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Figure 14. See previous page. 
(D) Quantitative GUS expression analysis of 8.1kbFTp::GUS constructs with different mutations in Col and 
35S::CO plants. GUS activity is shown as the mean ± SE of MUG × min-1 × µg-1 protein based on one 
experiment. Protein extracts were made from the same plants shown in (C). 
(E) Flowering time of ft-10 plants carrying transgenic constructs driving FT cDNA by mutated versions of the 8.1 
kb FT promoter fragment. Wild type plants and ft-10 mutants were analysed as control. Plants were grown in 
ESD conditions. The experiment was repeated two times with similar results. Number of rosette and cauline 
leaves of a representative example are shown as the mean ± SE.  
 

Although we know from complementation studies that only FT promoter fragments of 5.7 kb 

or longer are able to drive proper FT expression, no difference in luciferase activity was 

detectable in leaves bombarded with a luciferase gene under control of an 8.1 kb or 1.0 kb FT 

promoter fragment or constructs of intermediate length (Franziska Turck, MPIZ, Cologne, 

personal communication). For further analysis a 1.0kbFTp::GreenLUC construct was applied 

in the transient dual-luciferase reporter assay (Figure 14B). Arabidopsis leaves of SD grown 

Col plants bombarded with 1.0kbFTp::GreenLUC gave a weak signal, which increased around 

6-fold upon co-bombardment with 35S::CO. Introduction of point mutations in conserved 

elements of the 1.0 kb FT promoter generally did not alter GreenLUC activity, whereas the 

enhanced response with CO was reduced in some cases. Compared to the original sequence 

promoter, mutations in S1 and in the two palindromic sequences P1/P2 reduced GreenLUC 

signal in response to CO induction by 2-fold. Presence of S3 might have a slight impact on 

CO-mediated stimulation, while mutations in S2 did not affect GreenLUC activity. Analysis of 

S4 is in progress. Although the transient bombardment assay only allows analysis of a subset 

of the complete FT regulation, the assay reveals which conserved blocks of the proximal FT 

promoter might be crucial for CO-mediated stimulation.  

To study the biological relevance of S1, S3 and P1/P2 in the proper expression context, the 

mutations were introduced to the 8.1kb FT promoter fragment and applied in spatial 

expression and complementation analyses using stable transformation (Figure 14C, D and E). 

In plants carrying the 8.1kbFTp-S3mut::GUS construct, no difference in GUS staining could 

be observed compared to plants carrying the non-mutated construct either in Col or in 

35S::CO background (Figure 14C and D). Furthermore, introducing mutations in P1/P2 did 

not affect the spatial expression pattern and measurement of GUS activity in these plants 

revealed similar levels of expression compared to the 8.1kbFTp::GUS control. In contrast, no 

staining could be obtained in 10-day-old 8.1kbFTp-S1mut::GUS Col plants (Figure 14C) and 

only a few cells of the distal leaf vasculature in 12-day-old seedlings showed staining (data not 

shown). In 35S::CO background little GUS expression was detectable in the distal vasculature 

of 10-day-old seedlings (Figure 12C). Levels of GUS activity in Col plants were similar to 
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those of 8.1kbFTp::GUS Col plants, but expression was not stimulated in 35S::CO 

background.  

For flowering time analyses, ft-10 plants were transformed with 8.1kbFTp::FTcDNA 

constructs containing the different mutations (Figure 14E). As expected, mutations in S3 did 

not have an impact on flowering time. Although expression seemed to be decreased, 

8.1kbFTp-S1mut::cDNA ft-10 plants flowered similar to 8.1kbFTp::cDNA ft-10 #9.2 control. 

Among eight lines tested in total, only two line flowered slightly later. Surprisingly, out of five 

lines four 8.1kbFTp-P1/P2mut::cDNA ft-10 lines did not complement the late flowering 

phenotype. 

 

4.8. Response mediated by FT and TSF promoter regions  

TSF responds to CO induction followed by a temporal expression pattern which is very similar 

to FT (Yamaguchi et al., 2005). Nevertheless, the genomic loci of the two genes are very 

different. While the distance from FT to the next upstream gene FAS1 is unusually large for an 

Arabidopsis gene, the intergenic region at the TSF locus is only 1.5 kb long and therefore 

more similar to that of a typical Arabidopsis gene (Figure 15A) (The Arabidopsis Genome 

Initiative, 2000). Since most of the conserved elements observed in the proximal FT promoter 

are also present in the TSF promoter (Figure 12B), it might be that day-length responsive 

elements are present in upstream regulatory sequences of TSF. Therefore, we tested if a 1.5 kb 

TSF promoter (-1500 to -1) is sufficient to drive FT cDNA expression and complement the ft-

10 mutant phenotype (Figure 15B). Flowering time analysis showed that the TSF promoter 

was not able to express FT cDNA sufficiently to complement the late flowering phenotype. 

Only in one out of thirteen 3:1 segregating lines was flowering accelerated compared to ft-10, 

but the plants flowered still later than wild type. 

Among eight Col plants containing a 1.5kbTSFp::GUS transgene, GUS activity could only be 

detected in three lines. Expression was visible at the base of petioles close to the meristem, but 

no expression could be detected in the vasculature of the plants. A shift of 15-day-old 

seedlings from non-inductive SDs to inductive ESD conditions induced transcription of 

constructs driven by the 8.1 kb FT promoter, but no signal could be detected in leaves of 

1.5kbTSFp::GUS Col (Figure 15C). Since GUS signal in the mesophyll cells of the petiole 

could be observed under non-inductive SD conditions and in inductive ESDs, day-length 

responsive expression driven by the 1.5 kb TSF promoter could not be detected. In conclusion, 

the promoter sequence alone was not sufficient to drive expression above the detection limit 

and to confer a response to photoperiod.  
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Figure 15. TSF promoter regions in comparison to FT. 
(A) Schematic diagram of the TSF locus in comparison to FT. Exons of TSF, FT and their flanking genes are 
represented as dark blue boxes, untranslated regions in light blue. Arrows indicate the direction of transcription. 
Promoter constructs used for analyses are represented by turquoise boxes. 
(B) Flowering time of ft-10 mutants carrying the FT cDNA under control of a 1.5 kb TSF promoter fragment. 
Wild type plants, one 8.1kbFTp::FTcDNA ft-10 line and ft-10 mutants were analysed as control. Plants were 
grown on soil under ESD conditions. The experiment was repeated twice with similar results. Number of rosette 
and cauline leaves of a representative example are shown as the mean ± SE. 
(C) Histochemical localisation of GUS activity of 8.1kbFTp::GUS and 1.5kbTSFp::GUS in Col background. 
Grown on soil for 15 days under SD conditions, plants were shifted to ESD for 3 days while control plants 
remained in SDs. The experiment was done two times with similar results. 
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5. Discussion 

5.1. FT expression in response to day length 

Complementation experiments demonstrated that an 8.1 kb FT promoter fused to the FT 

cDNA was able to mediate response to day length. Transgenic 8.1kbFTp::FTcDNA ft-10 

plants flowered like wild type plants under inductive and non-inductive conditions. 

Furthermore, expression of a GUS reporter gene driven by an 8.1 kb FT promoter followed the 

temporal pattern of the endogenous FT gene in Col background. In plants grown under 

inductive ESD conditions both genes showed a diurnal expression pattern with a peak of 

expression in the morning and in the evening. Calculation of absolute transcript levels 

revealed that the GUS transgene and FT were expressed at almost equal molecules per cell and 

differences only were observed at ZT 8. While GUS mRNA accumulation reached a maximum 

at ZT 4, transcription of FT was highest at ZT 8. Morning expression of FT can be explained 

by light quality affecting CO levels. Far-red light has been shown to cause CO transcript 

accumulation at the beginning of the day and to enhance CO protein stability independent of 

transcription (Valverde et al., 2004; Kim et al., 2008). In the study of Kim et al. (2008), FT 

mRNA accumulated in the morning and in the evening of plants grown under far-red enriched 

light (FREL) while the FT gene was only transcribed in the second half of the day in plants 

grown under white light. In our experiments light provided by florescent tubes was 

supplemented with light from incandescent bulbs which enrich the proportion of far-red light. 

Therefore, strong morning expression of FT might be a result of enhanced accumulation of CO 

mRNA in the morning going along with enhanced protein stability in FREL. Although 

morning expression might due to CO protein abundance, it could also be mediated by another 

LD-induced factor. 

As expected GUS and FT expression was almost not detectable in SD grown plants. 

Interestingly, very low expression levels could be obtained in the morning at ZT 4. It seems 

that signals to induce the FT promoter are present during this time of the day but need to be 

enhanced in the second half of LDs to drive expression at higher levels on the following day. 

Since it has been demonstrated that COP1 and the SPA proteins mediate CO protein 

degradation efficiently during the night, it is unlikely, that the morning expression is a result of 

residual CO protein from the previous day (Laubinger et al., 2006; Jang et al., 2008). 

Nonetheless, CO abundance in the evening might cause changes on the FT locus which make 

the regulatory sequence more susceptible for expression on the following morning.  
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Histochemical localisation of the GUS reporter gene under control of an 8.1 kb FT promoter 

revealed expression in the vasculature of cotyledons and leaves of plants grown under 

inductive photoperiods. GUS signal was restricted to minor veins of the distal half of the leaf, 

while no expression was detected in shoot apical regions, hypocotyls, or roots. The expression 

pattern driven by an 8.1 kb FT promoter is consistent with published results which are based 

on an 8.9 kb FT promoter construct and a genomic fragment covering 7.2 kb upstream and 1.5 

kb downstream of FT (Takada and Goto, 2003; Notaguchi et al., 2008). Under non-inductive 

SD conditions GUS expression in 8.1kbFTp::GUS Col seedlings was almost absent. Staining 

could be detected in just some single phloem cells in a few leaves. In contrast the published 

8.9kbFTp::GUS line showed reduced but clearly detectable GUS expression under SD 

conditions (Takada and Goto, 2003). Since we demonstrated that the transgenic line 

8.1kbFTp::GUS Col #2.2 expressed GUS in the same quantitative range and the same 

temporal pattern as the endogenous FT gene, we believe that spatial expression of this line 

mimics the actual FT expression pattern accurately. Expression of a FTp::GUS line in SDs 

might be due to a position effect of the transgene, as one out of ten 8.1kbFTp::FTcDNA ft-10 

complementation lines flowered early under non-inductive conditions as well. 

In plants with increased CO levels expression of the GUS reporter gene under control of the 

8.1 kb FT promoter was extended to all major veins of the leaves. Although GUS signal 

tended to occur outside the vasculature in the strongest lines and was also observed at the base 

of trichomes of leaves and in the mesophyll cells of hypocotyls, the expression pattern is 

clearly in contrast to published results that show that ectopic CO expression leads to 

ubiquitous GUS signal in 8.9kbFTp::GUS plants (Takada and Goto, 2003). On the other hand 

the same 8.9kbFTp::GUS 35S::CO line when studied by the Araki group showed that GUS 

expression was restricted to the vasculature in spite of ubiquitous CO activation (Yamaguchi 

et al., 2005). One may argue that the tissue specific expression pattern is due to the fact that 

CO protein is not stable outside the vasculature. However, analysis of plants overexpressing a 

CO:GFP fusion in Arabidopsis demonstrated that CO protein is stable as GFP signal was 

detectable in nuclei of cells outside the phloem tissue (Kishore Panigrahi, MPIZ, Cologne, 

personal communication). The observed vascular specific expression of FT supports the idea 

that CO requires an unidentified protein partner to activate transcription and leads to the 

suggestion that this co-activator is specifically expressed in the vasculature. Nonetheless, it is 

also possible that expression of FT is restricted to the veins, because transcription is efficiently 

repressed outside the vasculature.  
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Interestingly, it has been hypothesised that, apart from transcriptional control mediated by 

specific transcription factors and their respective cis-regulatory promoter binding site, higher-

level spatial and temporal chromosome structure plays an important role in regulation of 

spatiotemporal expression (Tetko et al., 2006). Around 300 bp long AT-rich sequences, named 

scaffold/ matrix attachment regions (S/MARs), have been proposed to be essential for 

structural organization of the chromatin within the nucleus and serve as anchor of chromatin 

loop domains. On the basis of genome-wide in silico analysis, presence of intragenic S/MARs 

not only correlates with low expression levels of genes but targeted genes also show a 

pronounced specificity for tissues, organs and developmental phases (Rudd et al., 2004; Tetko 

et al., 2006). Interestingly, for the FT locus a S/MAR is predicted for a region covering the end 

of intron 1, the second exon and the beginning of the following intron (Rudd et al., 2004). 

Nonetheless, the mechanism of gene regulation based on intragenic S/MARs has yet to be 

elucidated.  

 

5.2. Identification of sequences required for FT expression in response to 

day length 

Shortening of the FT promoter to 4.0 kb upstream of the ATG, disrupted the ability to drive 

FT cDNA expression and therefore to complement the late flowering phenotype of ft-10 

plants. Consistent with these data, GUS signal was not be detected in the leaves of 

4.0kbFTp::GUS Col plants. Although GUS activity could be detected in the Y junction of the 

vasculature below the meristem, expression at this position did not seem to trigger flowering. 

Since GUS staining could be detected in siliques, expression of FT might be regulated 

differently at later developmental stages or in other tissues. 

We raised the question which regulatory sequences were missing in a 4.0 kb FT promoter that 

are necessary to mediate CO response in the leaves and therefore to drive proper FT 

expression under inductive conditions. Appling deletion constructs between 8.1 kb and 4.0 kb 

length in the complementation analysis, revealed that 5.7 kb upstream of the ATG fused to the 

FT cDNA was sufficient to rescue ft-10 mutant phenotype. Furthermore, the promoter was 

able to drive the same expression pattern in wild type and 35S::CO background as 

8.1kbFTp::GUS plants. Therefore, regulatory elements mediating FT activation in response to 

day length are encoded within the 1.7 kb long sequence which is covered by the 5.7 kb FT 

promoter construct, but is missing in the 4.0 kb FT promoter. The FT locus is widely covered 

with the repressive H3K27me3 mark (Turck et al., 2007; Zhang et al., 2007b). Presence of this 
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chromatin mark might interfere with the access of transcription factors to the FT promoter. 

Interestingly, the 1.7 kb long sequence includes a locally H3K27me3 and TFL2 depleted 

region that could be more open to trans-acting factors. Moreover, alignment of FT promoter 

sequences from Arabidopsis thaliana, Arabidopsis lyrata and Brassica rapa revealed that the 

H3K27me3 and TFL2 depleted region coincides within a sequence stretch of around 430 bp 

(referred as block A) that is highly conserved. Therefore, it is likely that transcriptional 

regulation of FT in response to inductive photoperiod is mediated through cis elements 

possibly located in the sequence of block A (Figure 16A). 

Since it has been proposed that CO might activate transcription as a component of the AtHAP 

complex, it is remarkable that block A encodes a CCAAT-box that is the binding site for the 

HAP complex. CCAAT-box elements are commonly located 60-100 bp upstream of the 

transcription start site (Mantovani, 1999). The proximal FT promoter region does not encode a 

CCAAT-box and the closest CCAAT sequence is located around 850 bp upstream of the start 

codon. As the FT promoter is likely to be under complex control functional CCAAT-box 

elements might be located beyond the proximal promoter region. Mutational analysis of the 

CCAAT element in sequence block A will elucidate if it acts as a CO-responsive element 

mediating day length response. 

The prediction of individual transcription factor binding sites can be a helpful tool to 

understand transcriptional regulation of gene expression. However, it has to be considered that 

just presence of a conserved binding side does not imply that the element has a function on 

gene expression. The use of evolutionary conservation of sequence in putative regulatory 

elements can be helpful in narrowing down the search space and increasing the significance of 

some sites (Vavouri and Elgar, 2005). Nevertheless, important transcription factor binding 

sites might be also located in non-conserved regions. Studies on the conservation and turnover 

of binding sites in regulatory elements in Drosophila species have shown that between one- 

and two-thirds of identified transcription factor binding sites are not conserved even between 

relatively closely related species (Costas et al., 2003; Emberly et al., 2003). Based on binding 

site enrichment in a set of co-expressed genes, a I-box and a REalpha consensus sequence 

have been implicated in light-dependent gene regulation (Terzaghi and Cashmore, 1995; 

Degenhardt and Tobin, 1996). So far, no transcriptional regulator could be assigned to the 

predicted binding sites which could be identified in the conserved region of block A. Although 

it has been mainly demonstrated that light quality affects flowering time via CO transcript and 

CO protein levels (Valverde et al., 2004; Kim et al., 2008), it is also possible that light quality 

affects FT transcription in a CO-independent way. The transcription factor CIB1 has been 
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proposed to regulate FT expression in a blue light dependent manner through binding to an E-

box element in the 5’-end of the transcribed region and in intron 2 of FT (Liu et al., 2008). 

Interestingly, a short conserved sequence stretch around two kilobase pair upstream of FT 

(block B) contains an E-box consensus sequences that is a potential recognition site for many 

basic-helix-loop-helix (bHLH) proteins including CIB1. However, the published ChIP 

experiment does not cover regulatory sequences beyond 1.5 kb upstream of the start codon of 

FT and therefore does not include block B (Liu et al., 2008). 

 

5.3. Analysis of the proximal FT promoter region 

Besides the conserved region located around 5.3 kb upstream of FT (block A), alignment of 

FT promoter sequences from different Brassicacea plants revealed that a 360 bp long region in 

the proximal promoter, named block D, is highly conserved during evolution. Interestingly, in 

the transient bombardment assays expression of 1.0kbFTp::GreenLUC was detectable and 

could be stimulated through co-bombardment of 35S::CO. Based on the idea that shortening 

of the 4.0 kb FT promoter will result in loss of repressive elements and therefore lead to 

expression, we applied a proximal FT promoter of 1.0 kb length in expression analyses in 

planta. Complementation and histochemical GUS localisation assays showed that a 1.0 kb FT 

promoter was not able to drive expression. Even under high inductive conditions like in 

35S::CO background, no expression could be measured. In the genomic context, CO might act 

through the proximal promoter, but requires interaction with a co-activator which binds more 

upstream regions of the FT promoter (Figure 16A and B). Interaction with a protein partner 

might enhance the DNA affinity of CO which then leads to binding in the proximal promoter 

region. Because of the extreme high amounts of DNA introduced into bombarded cells, 

interaction with a co-activator might not be required, because the low DNA-binding affinity of 

CO is sufficient to induce expression marginally. Induction by CO in the transient expression 

assay is maximally 6-fold, which is a fraction of the approximately 100-fold stimulation 

observed in transgenic 35S::CO plants (Franziska Turck, MPIZ, Cologne, personal 

communication). Nonetheless, expression driven by a 1.0 kb FT promoter in the transient 

reporter assay might be due to a general difference between bombarded and integrated DNA. 

While in stable transformed plants the transgene is integrated into the genomic context, genes 

encoded on plasmids probably lack most regulation mediated through chromatin.  

The importance of proximal FT promoter regions was further confirmed by mutational 

analysis of conserved elements. Putative cis-regulatory motifs were identified based on 

conservation of the proximal promoter sequences.  Using the transient dual-luciferase reporter 
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assay, mutation of shadow 1 and 3 (S1 and S3) and the palindromic sequence flanking S3 (P1 

and P2) seemed to affect CO-dependent induction of FT. Introduction of point mutations to 

the 8.1 kb FT promoter fragment allowed to apply their function in spatial expression and 

complementation analyses in planta. Based on the spatial expression analysis, S1 is likely to 

be crucial for FT induction. Expression under control of an 8.1kbFTp-S1mut promoter was 

clearly decreased in wild type and 35S::CO plants. However, in the complementation analysis 

8.1kbFTp-S1mut::FTcDNA ft-10 plants appear to flower similar to the non-mutated control. 

Therefore, expression levels driven by an 8.1kbFTp-S1mut promoter seem to be sufficient to 

induce flowering. Surprisingly, 8.1kbFTp-P1/P2mut::FTcDNA ft-10 plants were not able to 

complement the late flowering phenotype although mutations in P1 and P2 did not affect the 

spatial expression. 

Going along with the idea that distal and proximal promoter regions of FT plays an important 

role mediating CO response, it is interesting that TSF expression seems to require less 

upstream sequence. Previous studies demonstrated that a GUS reporter gene integrated into a 

genomic construct covering 1.5 kb sequence upstream of TSF and 1.36 kb downstream 

sequence is expressed in the vascular tissue of hypocotyls, petioles and the basal part of 

cotyledons, as well very little expression is detectable in the most-apical phloem of first true 

leaves. Insertion of transposable elements in the 3’-region around 150 bp downstream of TSF 

in many Arabidopsis ecotypes, such as Col, did not seem to affect transcription and mRNA 

stability (Yamaguchi et al., 2005). As the proximal promoter sequences of FT and TSF are 

well conserved (block D) and both genes are supposed to be direct targets of CO (Yamaguchi 

et al., 2005), we tested the possibility that the TSF promoter might be sufficient to drive FT 

expression. Complementation analysis revealed that the ft-10 mutant phenotype could not be 

rescued by the FT cDNA under control of the 1.5 kb TSF promoter. As in most 

1.5kbTSFp::GUS Col lines no GUS signal could be observed, the promoter might not be able 

to drive expression at all or at a sufficient level. Similar to FT, proximal promoter elements of 

TSF might be important for expression of the gene and CO-mediated response, but enhancer 

sequences are required to reach detectable expression levels. While enhancer sequences might 

be located more than 4.0 kb upstream of the transcription start site in the case of FT, at the 

TSF locus they are more likely located in the intragenic region or downstream of the gene. On 

the other hand, low expression of TSF compared to FT might be explained by the lack of an 

enhancing cis-element. Stronger expression of FT compared to TSF might be the consequence 

of a more complex way of gene regulation in which factors binding different sequence 

stretches act synergistically in transcriptional activation (Figure 16B).  
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Figure 16. Identification of cis-regulatory sequence involved in transcriptional control of FT. 
(A) We demonstrated that 5.7 kb regulatory sequence upstream of FT was sufficient to drive expression. A 
shorter 4.0 kb FT promoter fragment lost the ability to respond to CO. Block A is highly conserved and might be 
crucial for mediating day length response. CO or a CO-dependent co-activator might bind to block A and activate 
transcription. Nevertheless CO might also act through the proximal FT promoter since a 1.0 kb promoter 
fragment was inducible by CO in a transient expression assay. TFL2 has been shown to mediate repression 
through a promoter region 1.0 to 4.0 kb upstream of the ATG.  
The first intron has been proposed to mediate repression by FLC. Spatial expression analysis revealed that in high 
FLC expressing plants, FLC can repress FT through the promoter region as well. Since FLC interact physically 
with SVP and both genes regulate flowering in a mutually dependent way, these transcription factors may bind as 
a complex and modulate FT expression. Since complementation of the ft-10 phenotype could not be achieved 
with constructs containing FT intragenic sequence, it might be that cis-regulatory elements downstream of FT are 
important for positive regulation through factor Y. 
(B) Block A coincides with a TFL2 depleted region which might enable accessibility of transcription factors such 
as an unknown CO-interacting factor. Interaction of CO with a protein partner or a complex might enhance CO-
binding DNA affinity. Since the density of histone 3 is reduced in the proximal region (block D) (Sara Farrona, 
MPIZ, Cologne, personal communication) “activated” CO can bind to elements in the proximal promoter and 
initiate FT transcription. 
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For mammalian cells and in flies a model of structured protein–DNA complexes has been 

proposed. Cis-regulatory DNA enhancer sequences contain multiple binding sites for distinct 

transcription factors that co-assemble into higher order multi-component complexes. Fully 

assembled enhancer complexes, called “enhanceosomes”, modify the local chromatin 

architecture and recruit the RNA polymerase II machinery to the promoter (Panne, 2008). 

Furthermore, it has been proposed that gene expression can be regulated via long-range 

chromatin interactions (Tiwari et al., 2008). In this model, chromatin loops form a spatial unit 

of regulatory DNA and allow the appropriate physical interaction between an enhancer and a 

promoter (de Laat and Grosveld, 2003; Noordermeer and de Laat, 2008). These structures 

have been termed active chromatin hubs (ACH). Although complexes, such as enhanceosomes 

and ACH, have been identified and dissected, it is unclear if and how much of transcription 

regulation is mediated by those structures in plants. 

 

5.4. TFL2 dependent repression of FT expression 

TFL2 has been proposed to be involved in creating a threshold for activation of FT. Under LD 

conditions TFL2 might counteract the activity of CO on FT expression. The FT-specific 

expression pattern can be explained as the result of spatial expression of CO and TFL2 

(Takada and Goto, 2003). TFL2 is strongest expressed in the proximal part of the leaf where it 

prevents FT activation. While TFL2 is able to repress FT in the distal vasculature under low 

inductive conditions only, strong CO expression in the distal vasculature of leaves might 

overcome TFL2-dependent repression and leads to flowering under high inductive conditions. 

Since TFL2 co-localizes with H3K27me3 chromatin marks over the whole FT locus 

(Turck et al., 2007), we raised the question how loss of TFL2 affects expression of the 

different FTp::GUS constructs. As expected from published results (Takada and Goto, 2003), 

spatial expression observed in the distal veins of leaves of 8.1kbFTp::GUS Col plants was 

extended to the middle vein as well to minor veins of the proximal part of first true leaves in 

tfl2 mutants. In plants carrying a 4.0kbFTp::GUS construct loss of TFL2 resulted in expression 

in the middle vein, but not in the distal vasculature. Since expression in the leaf tip seemed to 

require the more upstream FT promoter elements which mediate CO response, it is 

questionable if expression in the middle vein is a CO-dependent effect. Since TFL2 mediates 

FT repression throughout development and loss-of-function of TFL2 causes FT transcription 

under SD conditions (Takada and Goto, 2003), expression in the middle vein might be an 

effect that is independent from day length and visible under SDs or in co mutant background. 

It has been published that a 8.9kbFTp::GUS construct in tfl2 co double mutant background is 
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expressed in the main vein and the proximal vasculature (Takada and Goto, 2003). These 

observations suggest that the expression of FT in the distal part of the leaves requires the 

activity of CO and sequences mediating CO response. FT expression in the middle vein and 

the proximal half of the leaf is repressed by TFL2 and loss of the repressor might enable an 

unknown factor to activate FT in this tissue. As no expression could be detected in 

1.0kbFTp::GUS tfl2 plants, TFL2 seems to mediate repression of FT through sequences 1.0 to 

4.0 kb upstream of the ATG (Figure 16A).  

 

5.5. Effect of insertions in FT regulatory regions 

Based on the idea that insertion of foreign DNA into FT regulatory sequences can affect 

expression, we measured flowering time of plants with T-DNA insertions in different regions 

of the FT promoter. The T-DNA line #5 which carries a T-DNA insertion around 3550 bp 

upstream of the start codon of FT flowered later than the wild type control. Since the insertion 

site is not highly conserved, it is less likely that the T-DNA disrupted a cis-regulatory element 

or unit. Introduction of the T-DNA sequence may impair the spatial relationship between the 

important regulatory regions block A (5.7 kb FT promoter) and block D (proximal FT 

promoter). As several lines analysed carry a T-DNA between block A and block D and only 

line #5 was affected in flowering time, spatial distance between the enhancer and promoter 

sequences might be not crucial for transcription. In fact, the data may suggest that a FT 

promoter construct of 4.2 kb length that contains all the sequence downstream of line #4 is 

sufficient to drive FT expression. Nonetheless, insertion of multiple T-DNAs in line #5 might 

change the spatial relationship between the regulatory elements significantly as compared to 

the other lines. Insertion of foreign DNA, in particular of tandem repeats might also have an 

impact on the chromatin context of the FT locus. Further analysis of line #5 in comparison to 

other promoter T-DNA lines might reveal changes at the FT locus that will give new insights 

in regulation of FT. 

 

5.6. FT regulation by intragenic sequences and role of FLC 

To study the regulatory function of the first intron of FT, the GUS reporter gene was fused to 

the first exon, first intron and part of the second exon of FT (FTE1I1E2:GUS). Expressed under 

control of the 8.1 kb FT promoter in Col plants, FTE1I1E2:GUS mRNA reached levels 

comparable to those of GUS in 8.1kbFTp::GUS Col plants. The Col ecotype of Arabidopsis 

has no functional FRI allele and therefore FLC expression is low even without vernalization 
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(Johanson et al., 2000). Nonetheless cold treatment could further reduce FLC transcription. 

The slight decrease of FLC mRNA in vernalized Col seedlings did not seem to have an impact 

on the expression levels of the transgenes. Srikingly, although FTE1I1E2:GUS was expressed 

in Col plants, no GUS staining could not be observed. Protein fusions with GUS have been 

shown in other studies and did not affect GUS function (Yamaguchi et al., 2005). Nonetheless 

fusion of GUS with the proximal part of FT might have caused the fusion protein to be more 

unstable and hence undetectable. 

Based on ChIP experiments it has been proposed that FLC mediates repression of FT via 

direct binding to the first intron (Helliwell et al., 2006; Searle et al., 2006). Interestingly, 

expression level analysis of 8.1kbFTp::GUS in high FLC expressing plants revealed that FLC 

can repress FT transcription through the promoter region as well. Yu and colleagues suggested 

that FLC may act in concert with SVP to suppress FT expression (Li et al., 2008). Since it has 

been shown that SVP binds to a CArG-box containing region in the FT promoter (Lee et al., 

2007), the interacting FLC and SVP proteins might target FT at two different CArG-box 

elements, one in the promoter and one in the first intron (Figure 16A). As FLC and SVP 

function is supposed to be mutually dependent (Li et al., 2008), reduction of FLC levels by 

cold treatment might release the repressive effect mediated through the FT promoter and GUS 

expression could increase. Strikingly, the repression of FTE1I1E2:GUS in non-vernalized FRI 

plants could not be released by cold treatment. The intragenic FT region might recruit FLC or 

a FLC-repressor complex that mediates repression which once initiated is stably maintained 

even after vernalization. Therefore, a positive regulator is needed that counteracts the 

repressive effect, but this activator requires regulatory sequences which the 

8.1kbFTp::FTE1I1E2:GUS construct does lack.  

Strikingly, a genomic FT fragment under control of the 8.1 kb promoter was not able to rescue 

the ft-10 mutant phenotype. The genomic FT construct contained the coding region of the FT 

gene with all introns, but the 3’-untranslated region was replaced with the nopaline synthase 

terminator. Sequences downstream of FT might encode a cis-regulatory binding site for a 

positive regulator which is required to overcome repression mediated by the intragenic 

sequence of FT. On the other hand lack of a repressor or a repressive structure in the 3’-region 

of FT might lead to post-transcriptional silencing by production of an anti-sense transcript. 

However, repression of FT mediated in trans could be excluded by crossing the transgenic 

8.1kbFTp::FTgDNA ft-10 line to wild type. Therefore, it is likely that an activator binding to a 

cis-regulatory element downstream of FT is necessary to achieve expression (Figure 16A, 

factor Y). The effect of trans-acting factors binding to downstream regulatory sequences of FT 
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could further explain the differentially expression of the 8.1kbFTp::GUS transgene and the 

endogenous FT at ZT 8. Complementation analysis with a genomic fragment cloned by 

homologous recombination with a FT containing BAC covering the 8.1 kb promoter sequence, 

the gene coding region, and 2.3 kb downstream sequence is in progress. Since it has been 

shown that a 11.8 kb genomic fragment of FT covering 8.9 kb upstream and 700 bp 

downstream sequences was able to complement the late flowering phenotype of an ft-101 

mutant (Takada and Goto, 2003), we expect to rescue the late flowering phenotype of ft-10 

with the fragment.  
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6. Conclusions and Perspectives 

After the first induction of FT in the leaves, expression changes of meristem identity genes can 

be detected in the SAM within one day. So far, the first marker upon floral induction at the 

apex is the expression of SOC1. After three days, macroscopic changes are observed at the 

SAM and the plants are stably committed to flower. This observation indicates that flowering 

time of summer annual Arabidopsis accessions is largely determined by the timing of FT 

expression in the leaves.  

Identification of cis-regulatory regions and cis elements sets the basis for a better 

understanding of FT regulation by various factors. During this work, a region between 4.0 and 

5.7 kb upstream of the FT start codon was identified as essential for FT expression. Currently, 

a screen for trans-acting factors that bind to the 1.7 kb long promoter region is in progress (in 

collaboration with Jiang Zhang, MPIZ, Cologne). Candidate transcription factors will be 

overexpressed in the phloem to validate their potential impact on flowering. To perform this 

experiment, we can make use of an Arabidopsis transformant collection overexpressing 

approximately 600 transcription factors under control of the SUC2 promoter (generated by 

Lionel Gissot, MPIZ, Cologne).  

The phylogenetic shadowing approach suggests focusing on a 430 bp long sequence within the 

identified 1.7 kb FT promoter region that is highly conserved and coincides with a TFL2-

depleted region. Prediction of transcription factor binding sites revealed a CCAAT-box 

element. Although a possible connection between CO mode-of-action and the CCAAT-box 

binding complex has been demonstrated previously, no CCAAT-box with a regulatory role has 

been identified at the proximal FT promoter. However, the fact that the identified CCAAT-box 

is highly conserved in contrast to several other CCAAT-boxes that are encoded in the 

upstream regulatory sequence of FT increases the significance of this potential cis-regulatory 

element. Mutational analysis will elucidate if this element is crucial for a CO-mediated 

response.  

Alignment of proximal FT promoter sequences from homologous Brassicacea genes revealed 

that a 360 bp long proximal promoter region is highly conserved. In the course of this work it 

was shown that the proximal promoter can drive FT expression in transient expression assays 

but not in stably transformed plants. However, mutational analysis of conserved proximal 

elements (shadows) in the context of the full-length promoter in stably transformed plants 

confirmed that the motif S1 is crucial for FT expression. A yeast one hybrid screen was 

performed to identify trans-interacting factors that bind to the proximal promoter region. 
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Several candidate transcription factors were tested in transgenic plants and some showed a 

flowering effect caused by overexpression in the phloem. Currently, further analysis of the 

mis-expression lines for these factors has been initiated (collaboration with Jian Zhang). The 

candidate transcription factors will also be analysed for their binding affinity to S1. Trans-cis-

interaction at S1 would in turn validate the importance of the trans-acting factor in FT 

regulation in the natural context. We aim to evaluate the relevance of the trans-acting factor 

by the analysis of T-DNA insertion lines that cause loss-of-function. However, since most 

candidate transcription factors are part of large gene family, the genetic analysis can become 

very complex. 

Our current working model proposes that FT expression is mediated by an enhancer region 

located 5.3 kb upstream of the FT transcriptional start and by regulatory regions that are found 

at the proximal promoter. A synergistic effect between the distal enhancer sequences and the 

proximal promoter region is required for FT expression. However, complementation with the 

full-length promoter driving the genomic FT sequence rather than the FT cDNA resulted in a 

lack of expression. Therefore, FT genomic regions, most likely found in regulatory introns 

seem to recruit a repressor or repressive complex. Since the cDNA and genomic constructs do 

not contain the 3’-untranslated region, we deduce that regulatory sequences downstream of FT 

are required to counteract the repression mediated through the intragenic region. Given the 

complexity of the locus, it is a long-term goal to understand how and how many cis-regulatory 

elements at the FT locus communicate with each other and achieve the spatial and temporal 

expression pattern of FT.  

FT regulation is also affected by the surrounding chromatin since lack of the chromatin 

associated transcriptional repressor TFL2 increases FT levels and thereby causes a loss of 

photoperiod control. TFL2 is mechanistically linked to PcG-mediated gene repression and loss 

of the PRC2 components EMF2, CLF and FIE also causes increased expression of FT. In 

collaboration with Sara Farrona (MPIZ, Cologne), the available FTp::GUS constructs were 

introduced into different PcG-mutant backgrounds. Spatial expression analysis will reveal if 

other PcG proteins are involved in creating a threshold for activation of FT in the phloem as it 

has been proposed for TFL2 or if they have a more general role in repressing FT in other parts 

of the plants. These FT expression studies may also extend our knowlwdge of the different 

layers of transcriptional regulation mediated by PcG.  
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8. Abbreviations 

General abbreviations 

: fused to (in the context of gene fusion constructs) 

:: under the control of (in the context of promoter-gene constructs) 

- minus, not present 

% percentage 

°C degrees Celsius 

3’ three prime end of DNA fragment 

35S promoter of the Cauliflower Mosaic virus 

5’ five prime end of DNA fragment 

µ micro 

A Adenine 

ACH active chromatin hub 

Arabidopsis Arabidopsis thaliana 

BAH bromoadjacent homology 

BCA bicinchoninic acid 

bHLH basic helix loop helix 

bp base pair 

C Cytosine 

C- carboxy-terminal 

cDNA complementary DNA 

Col Arabidopsis thaliana ecotype Columbia-0 

DNA desoxyribonucleic acid 

dNTP deoxyribonucleic triphosphate 

Drosohila Drosophila melanogaster 

E. coli Escherichia coli 

et al. et alii / et aliae [Lat.] and others 

F1, F2, F3… first, second, third... filial generation after a cross 

FREL far-red enriched light 

G Guanine 

g gram 

GA gibberellic acid 

GM ½ strength Murashige and Skoog medium 
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h hour 

H3K4me3 tri-methylated lysine 4 at histone 3 

H3K27me3 tri-methylated lysine 27 at histone 3 

H3K36me2 di-methylated lysine 36 at histone 3 

k kilo 

kb kilobase pair 

l liter 

LD long-day 

Ler Landsberg erecta 

M molar (mol/l) 

m milli 

min minute 

mol mole 

mRNA messenger RNA 

MU 4-methylumbelliferone 

MUG 4-methylumbelliferone-β-D-glucuronide 

n nano 

nt nucleotide 

N- amino-terminal 

p pico 

PCR polymerase chain reaction 

PEBP phosphatidyl ethanolamine binding domain protein 

pH negative logarithm of proton concentration 

PHD plant homeodomain 

PPT Phosphinotricin 

PRC Polycomb repressive complex 

RNA ribonucleic acid 

RNase ribonuclease 

RT-PCR reverse transcription PCR 

S/MAR scaffold/ matrix attachment region 

SA salicylic acid 

SAM shoot apical meristem 

SD short-day 

SE standard error 
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SUC2 promoter of the plasma-membrane sucrose-H+ symporter gene 

SUC2 from Arabidopsis thaliana 

T Thymine 

T1, T2, T3… first, second, third... filial generation after transformation 

T-DNA transferred DNA 

UTR untranslated region 

wt wild type 

x crossed to (crosses are always indicated in the order: female x 

male) 

X-Gluc 5-bromo-4-chloro-3-indolyl-β-D-glucuronide 

ZT zeitgeber time 

 

Abbreviations of gene and protein names 

The nomenclature for plant genes follows the Arabidopsis standard: GENES are written in 

upper case italics, while mutant genes are indicated in lower case italics. PROTEINS appear in 

upper case regular letters, mutant proteins in lower case regular letters. 

AGL24 AGAMOUS-LIKE 24 

AP1 APETALA 1 

AtHAP HEME ASSOCIATED PROTEIN from Arabidopsis thaliana 

CBF CCAAT-BINDING FACTOR 

CIB1 Cryptochrome-interacting bHLH 1 

CLF CURLY LEAF 

CO CONSTANS 

COL CO-LIKE 

COP1 CONSTITUTIVE PHOTOMORPHOGENESIS 1 

Cry1 Cryptochrome 1 

Cry2 Cryptochrome 2 

E(Z) Enhancer of Zeste (Drosophila melanogaster) 

EBS EARLY BOLTING IN SHORT DAYS 

EMF2 EMBRYONIC FLOWER 2 

ESC Extra sex combs (Drosophila melanogaster) 

FD - (Traditionally this gene/protein has not been given a full name.) 

FIE FERTLIZATION INDEPENDENT ENDOSPERM  

FIS2 FERTLIZATION INDEPENDENT SEED 2 
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FLC FLOWERING LOCUS C 

FRI FRIGIDA 

FT FLOWERING LOCUS T 

GUS β-glucuronidase 

HAP HEME ASSOCIATED PROTEIN 

LFY LEAFY 

LHP1 LIKE HETEROCHOMATON PROTEIN1 (also known as TFL2) 

MEA MEDEA 

MSI Multicopy suppressor of Ira (Drosophila melanogaster) 

NF-Y NUCLEAR FACTOR-Y 

PcG Polycomb group genes 

PhyA Phytochrome A 

PhyB Phytochrome B 

PR PATHOGENESIS-RELATED 

Sce Sex combs extra (Drosophila melanogaster) 

SOC1 SUPPRESSOR OF OVEREXPRESSION OF CONSTANS1 

SU(Z)12 Supressor of Zeste (Drosophila melanogaster) 

SVP SHORT VEGETATIVE PHASE 

SWN SWINGER 

TEM1 TEMPPANILLO 1 

TFL1 TERMINAL FLOWER 1 

TFL2 TERMINAL FLOWER 2 (also known as LHP1) 

TSF TWIN SISTER OF FT 

VEL1 VERNALISATION5/VIN3-like 1 (also known as VIL2) 

VIL1 VIN3-like 1 (also known as VRN5) 

VIL2 VIN3-like 2 (also known as VEL1) 

VIN3 VERNALISATION INSENSITIVE 3 

VRN2 VERNALIZATION 2 

VRN5 VERNALIZATION 5 (also known as VIL1) 

 

 



DANKSAGUNG 

 73

Dankeschön 

Ich möchte mich herzlich bei allen bedanken, die mich in den letzten Jahren unterstützt haben 

und mit deren Hilfe ich diese Doktorarbeit anfertigen konnte. Ein besonderes Dankeschön geht 

an… 
 

Franziska Turck für die Möglichkeit als erste Doktorandin in ihrer Arbeitsgruppe dabei zu 

sein. Vielen Dank für deine intensive und hilfreiche Betreuung. 
 

Prof. George Coupland for the opportunity to do my PhD in his department. Thanks for 

helpful and interesting discussions on my project. 
 

Prof. Ute Höcker für die Übernahme des Koreferats und dafür die Begeisterung für flowering 

time in mir geweckt zu haben. 
 

Prof. Martin Hülskamp für die Übernahme des Prüfungsvorsitzes. 
 

Prof. Klaus Theres für seine Unterstützung als Zweitbetreuer. 
 

everybody of the Turck and Coupland labs for a great atmosphere. I enjoyed to work with 

you. Special thanks to Sara Farrona, Maria Albani and Bhavna Agashe for helpful 

discussions in the lab and a lot of fun in our “women’s bay”.  

Ein spezielles Dankeschön geht auch an Valentina Strizhova für viele Platten und Vieles 

mehr. Vielen lieben Dank an Julia Engelhorn und Julia Reimer für ihre Urlaubsvertretung 

beim Blätter zählen und an den GI-Promotermenschen Markus Berns für seine Geduld bei 

diversen Alignment-Problemen. 
 

das gesamte Gärtnerteam für die gute Pflege meiner „rosa“ Pflanzen und jeder Menge Hilfe. 
 

Petra Volz für das Sieben zahlreicher Samen. 
 

meinen Mädels, Helen Braun, Sina Peters und Steffi Werner, für ihre Unterstützung in 

allen Lebenslagen, denn „Echte Fründe ston zesamme…“. 
 

Nana Zappel für ihren Einsatz als Blumenfee von nebenan, IMPRS buddy und Freundin. 

Danke für deine Unterstützung bei allen Aufs und Abs. 
 

1000 Bützjens gehen an meine Eltern und meine Schwester. Ich danke euch von Herzen für 

eure Liebe, Hilfe und Förderung, ohne die ich nicht hier wäre. 



 

 74 

 

 

 

 



ERKLÄRUNG 

 75

Erklärung 

Ich versichere, dass ich die von mir vorgelegte Dissertation selbständig angefertigt, die 

benutzten Quellen und Hilfsmittel vollständig angegeben und die Stellen der Arbeit - 

einschließlich Tabellen, Karten und Abbildungen -, die anderen Werken im Wortlaut oder dem 

Sinn nach entnommen sind, in jedem Einzelfall als Entlehnung kenntlich gemacht habe; dass 

diese Dissertation noch keiner anderen Fakultät oder Universität zur Prüfung vorgelegen hat; 

dass sie - abgesehen von unten angegebenen Teilpublikationen - noch nicht veröffentlicht 

worden ist sowie, dass ich eine solche Veröffentlichung vor Abschluss des 

Promotionsverfahrens nicht vornehmen werde. Die Bestimmungen dieser Promotionsordnung 

sind mir bekannt. Die von mir vorgelegte Dissertation ist von Prof. Dr. George Coupland 

betreut worden. 

 

 

 

Köln, den 22. März 2008 ________________________ 

Jessika Adrian 

 

 

Teilpublikationen 

Es liegen keine Teilpublikationen vor.  

 



 

 76 




