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Abstract FLOWERING LOCUS T (FT) like genes are

crucial regulators (both positive and negative) of flowering

in angiosperms. We identified two FT homologs in Che-

nopodium rubrum, a short-day species used as a model

plant for the studies of photoperiodic flower induction. We

found that CrFTL1 gene was highly inducible by a 12-h

dark period, which in turn induced flowering. On the other

hand, photoperiodic treatments that did not induce flow-

ering (short dark periods, or a permissive darkness

interrupted by a night break) caused only a slight increase

in CrFTL1 mRNA level. We demonstrated diurnal oscil-

lation of CrFTL1 expression with peaks in the middle of a

light period. The oscillation persisted under constant

darkness. Unlike FT homologs in rice and Pharbitis, the

CrFTL1 expression under constant darkness was very low.

The CrFTL2 gene showed constitutive expression. We

suggest that the CrFTL1 gene may play a role as a floral

regulator, but the function of CrFTL2 remains unknown.
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Abbreviations

AP1 APETALA1

ATC Arabidopsis thaliana CENTRORADIALIS homolog

BFT BROTHER OF FT AND TFL1

CEN CENTRORADIALIS

CrFL FLORICAULA/LEAFY

FT FLOWERING LOCUS T

FTL FLOWERING LOCUS T- like

Hd1 Heading date 1

Hd3a Heading date 3a

MFT MOTHER OF FT AND TFL1

SP SELF PRUNING

TFL TERMINAL FLOWER

TSF TWIN SISTER OF FT

Introduction

The transition from vegetative growth to flowering is a

crucial commitment in plant development. The proper

timing of flowering ensures successful reproduction and the

persistence of populations and species. Multiple signaling

pathways receptive to the environmental cues are respon-

sible for the accurate regulation of flower induction

(reviewed by Lee et al. 2006).

FLOWERING LOCUS T (FT) located in the photope-

riod-dependent pathway acts as a floral promoter

(Kardailsky et al. 1999) and also integrates signals from

other pathways (Lee et al. 2006). The FT gene codes for a

small protein similar to mammalian PEBP (phosphatidyl

ethanolamine-binding protein, Schoentgen et al. 1987). In

Arabidopsis thaliana, FT interacts with the transcription

factor FD which binds to the promoters of florally

expressed genes, such as APETALA1 (AP1) (Wigge et al.
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2005). Recent experiments suggest that FT protein may be

a florigen (Zeevaart 1976), a substance that moves from

leaves to the apex and induces flowering (Jaeger and

Wigge 2007; Tamaki et al. 2007).

The FT gene belongs to a small gene family of floral

regulators, which in A. thaliana involves five other mem-

bers. The closest relative of FT in A. thaliana is TWIN

SISTER OF FT (TSF). It promotes flowering in a redundant

manner with FT (Yamaguchi et al. 2005), but differs in

how it responds to environmental conditions. TSF shows

higher expression at low temperature (16�C) than FT

(Blazquez et al. 2003) and also plays a role in flowering

under short-day conditions (Yamaguchi et al. 2005).

TERMINAL FLOWER 1 (TFL1) (Bradley et al. 1997) is an

inhibitor of flowering despite exhibiting a high sequence

homology with FT. The antagonistic activity of TFL1 is

mediated by aspartic acid (position 144) and histidine

(position 88) which forms a ligand-binding site (Ahn et al.

2006). These residues are conserved in all the proteins of

the FT/TFL1 family which inhibit flowering, including a

third member of this family, the A. thaliana CENTRO-

RADIALIS homologue (ATC) (Mimida et al. 2001).

MOTHER OF FT AND TFL1 (MFT) is a weak floral

inducer (Kobayashi et al. 1999; Yoo et al. 2004), but its

loss-of-function mutation had no influence on flowering

under long-day conditions in A. thaliana (Yoo et al. 2004).

Very little information is known about the function of the

final member of this gene family BROTHER OF FT AND

TFL1 (BFT) (Kobayashi et al. 1999).

FT and TFL1 are conserved in sequence and function

across angiosperms (Carmel-Goren et al. 2003; Hecht et al.

2005; Kojima et al. 2002; Hsu et al. 2006). The degree of

conservation and the functional role of other FT/TFL1

family members are less well known. As plants have var-

iable life history strategies (perennial, annual) and growth

forms (trees, shrubs, herbs), different FT/TFL1 family

members may have evolved to take on different roles and

functional requirements specific to particular life forms.

One mechanism that generates several FT duplicates is

polyploidization. It is common in higher plants and is

considered to be a main force in the evolution of novel

gene functions (Ohno 1970). Each polyploidization event

results in the doubling (or other higher multiples) of the

entire FT/TFL1 gene family. Because these regulator genes

play critical roles in plant development, tight control of the

evolutionary fate of new gene copies is necessary to ensure

polyploid survival (Otto and Yong 2002). Duplicated

copies have three potential fates: (1) they can retain the

original function, (2) they may escape from selective

constraints, accumulate mutations and finally lose coding

capacity, or (3) their evolutionary trajectories may be

redirected to establish different functions (Lynch and Force

2000).

We chose the genus Chenopodium, which consists of

species with various ploidy levels (Rahiminejad and

Gornall 2004), to search for putative FT homologs with

altered function that might have arisen following polyplo-

idization. Although the genus Chenopodium, especially the

tetraploid species Chenopodium rubrum (short-day ecotype

374), has been used extensively in studies of flowering

(Cumming et al. 1965; Cumming 1967; Cumming and

Seabrook 1985; Ullmann et al. 1985), a very little is known

about the molecular background of floral regulatory path-

ways in this species. Recently, a partial sequence of CrFL,

a FLORICAULA/LEAFY ortholog was found in C. rubrum

by Veit et al. (2004). The function of LFY orthologs in

many plant species is to promote floral development (Wada

et al. 2002). No member of the FT/TFL1 gene family has

been yet identified in C. rubrum.

Ecotype 374 of C. rubrum shows an interesting photo-

periodic regulation of flowering. Flowering can be induced

by a single 12-h dark period in plants as young as 4–5 days,

shortly after the opening of cotyledons. However, this

permissive developmental period is followed by a period of

reduced photoperiodic sensitivity during which two to

three 12-h nights are required for full flower induction

(Seidlová and Krekule 1973; Ullmann et al. 1985). The

response to a single period of 12-h darkness is restored in

plants older than about 14 days. The number of short-day

cycles required for flowering depends on leaf formation on

the shoot apex (Ullmann et al. 1985; Blažková et al. 2000).

Identification of key regulatory genes and analysis of their

expression in various developmental stages and under

various photoperiodic regimes are necessary to understand

this unique flowering response.

In this study, we describe two counterparts of FT genes

in C. rubrum, CrFTL1 and CrFTL2. We analyzed the

expression of both the genes under various photoperiodic

regimes, including continuous light and prolonged dark-

ness (72 h). We also applied a short exposure to light in the

middle of night, called a night break, which inhibits

flowering in short-day plants (Thomas and Vince-Prue

1997). While the CrFTL1 gene was strongly upregulated

under the experimental conditions that induced flowering,

the CrFTL2 gene expression was invariable.

Materials and methods

Plant material

In all experiments, plants of Chenopodium rubrum L., eco-

type 374 (seed from the Institute of Experimental Botany AS

CR v.v.i, originally donated by B.G. Cumming University of

New Brunswick, Canada) were cultivated in growth cham-

bers at 20�C and in continuous light (cool-white fluorescent,
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100 lmol m-2 s-1), except when exposed to photoperiodic

treatments as indicated below.

Seedlings of C. rubrum used in flower induction

experiments were planted into 96-well flat-bottom ELISA

plates (one seedling per well). The wells were filled with

perlite (particle size 0.4–0.8 mm) and had a 1-mm hole at

the bottom to provide nutrient solution. The plates were

floated in half-strength Hoagland solution which was

replaced every 2 days. At the age of 5 days, when 40–60%

of seedlings had their cotyledons fully opened, average-

sized plants with fully opened cotyledons were selected for

the experiment and all other plants were discarded. Six

hours after this selection, plants were exposed to various

photoperiodic treatments as described in the ‘‘Results’’.

Controls were kept in constant light.

For night-break treatments, plants were exposed to

10 lmol m-2 s-1 of red light for 15 min (cool-white

fluorescent light filtered through one layer of red plastic

filter and two layers of yellow filter, manufactured by Rand

Strand Electric, London, UK; this combination had no

measurable transmission below 580 nm). The exposure

started 6 h after the beginning of a dark period.

Sampling for expression during darkness was performed

under a dim green fluorescent light to avoid eliciting

photoperiodic signaling responses from the plants. To

characterize flower development, 10–20 plants from each

variant were left intact and grown in continuous light until

the age of 14 days. Flowering stages were determined

under a stereomicroscope.

In a separate set of experiments, plants of C. rubrum

were grown in 8 9 8 cm pots filled with perlite and sup-

plied with half-strength Hoagland solution. At the age of

15 days, plants were induced to flower by exposure to a 12-

h light/12-h darkness photoperiodic regime for 1–3 days

(i.e., they experienced 1, 2, or 3 12-h nights); control

individuals were kept in continuous light. Plants were then

returned to constant light. Flowering of plants was assessed

8 days later by dissecting their shoot apices under a

stereomicroscope.

Cloning of CrFTL1 and CrFTL2 cDNAs

Total RNA was extracted with the RNeasy Plant Mini kit

(Qiagen, Hilden, Germany) from the apex and upper leaves

of 3-week-old plants of C. rubrum, which were induced to

flower by a single 12-h darkness. RNA was treated with

DNA-free (Ambion, Austin, TX, USA) to eliminate the

traces of genomic DNA. cDNA was prepared from the total

RNA by means of a SMART PCR cDNA Synthesis kit

(Clontech, BD Biosciences, Palo Alto, CA, USA) accord-

ing to manufacturer instructions. This approach leads to

enrichment of full length cDNA. This cDNA was cloned

into a T/A vector using pGEM-T Easy kit (Promega,

Madison, WI, USA). The cDNA library was used as a

template in a modified RACE procedure based on semin-

ested PCR (Huang and Chen 2006).

A pair of primers, CrFT345For and CrFT501Rev

(Table 1), was designed using a conserved region from well-

studied and confirmed FT genes in dicots. C. rubrum cDNA

was amplified in a T Gradient cycler (Biometra, Goettingen,

Germany) using these primers and Taq polymerase (Pro-

mega) under the following conditions: initial denaturation

2 min at 94�C; 36 cycles consisting of 40 s at 93�C, 45 s at

54�C and 2 min at 72�C; final extension 10 min at 72�C. The

PCR fragment was sequenced and new specific CrFT

primers were designed using this sequence as a template

(Table 1). RACE was performed with the cDNA library as a

template and primers targeted to the sequence of the pGEM-

T Easy vector (GGT AAC GCC AGG GT and TGT TAT

CCG CTC ACA ATT CC) and specific CrFT reverse

primers (to search for 50 end) or forward primers (to search

for the 30 end). PCR conditions were: 2 min at 94�C; 35

cycles 40 s at 93�C, 45 s at 60�C and 2 min at 72�C; final

extension 10 min at 72�C. If no band was generated, the

product of the first round of PCR (109 to 1009 diluted) was

reamplified with the primer targeted to the vector sequence

and the gene-specific primer (Table 1) closer to the end of

the known FT sequence (seminested PCR). The PCR prod-

ucts were cloned using the pGEM-T Easy (Promega) and

transformed into E. coli XL-1 Blue. To verify the sequence

of full length CrFTL cDNAs, new primers in untranslated

regions (UTRs) were designed (Table 1), and the cDNA

library was amplified using Phusion high-fidelity DNA

polymerase (Finnzymes, Espoo, Finland). All sequencing

was performed on an ABI 3100 capillary sequencing

machine (Applied Biosystems, Foster City, CA, USA).

Southern hybridization

A sorbitol extraction method (Štorchová et al. 2000) was

applied to extract DNA from about 5 g of fresh leaf tissue.

Three micrograms of DNA were digested with HindIII

(Fermentas UAB, Vilnius, Lithuania), electrophoresed

overnight on a 0.7% agarose gel and transferred to a pos-

itively charged membrane (Hybond N+, Amersham, Little

Chalfont, UK) by capillary blotting. A PCR fragment of

CrFTL1 gene was amplified using the primers CrFT39For

and CrFTL1Rev (Table 1) and labeled with digoxigenin

(DIG) using PCR labeling kit (Roche Applied Science,

Germany) according to the manufacturer. The genomic

blots were hybridized in an EasyHyb buffer (Roche,

Applied Science, Mannheim, Germany) with the DIG

probe at 42�C overnight, washed twice at high stringency

(0.19 SSC, 65�C), and detected using CDPStar (Roche) as

a substrate. Exposure time of 4 h was sufficient to visualize

single genes on Hyperfilm (Amersham).
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Gene expression estimation by means of qRT PCR

One microgram of total RNA and 500 ng of oligodT25V

primers (Metabion, Planegg, Germany) were heated for

5 min at 70�C, chilled on ice and mixed with reverse

transcription (RT) buffer, 0.5 ll of Protector RNase

Inhibitor (Roche), 1.2 ll of 10 mM dNTPs and 100 U of

M-MLV Reverse Transcriptase RNaseH Minus, Point

Mutation (Promega), final volume 25 ll. The first strand

cDNA was synthesized at 42�C for 60 min.

First strand cDNA was diluted 209 and qPCR was

performed using FastStart DNA MasterPLUS SYBR Green I

Kit (Roche) in a final volume of 10 ll with 300 nM of each

of the HPLC purified primers (Metabion). Glass (Roche) or

plastic capillaries (Genaxxon, Biberach, Baden-Wurttem-

berg, Germany) were applied. The LightCycler 1.2 (Roche)

was programmed as follows: after 10 min of initial dena-

turation at 95�C, 45 cycles of 10 s at 95�C for melting, 4 s

at 58�C (actin, CrFTL1) or 60�C (CrFTL2, CrFL) for

annealing and 7 s at 72�C for extension were performed.

cDNA derived from calibrator RNA was included in each

LightCycler run to correct for run-to-run differences. qPCR

with all the samples was repeated using a new real-time

device LC480 (Roche) under exactly the same cycling

conditions as with the LightCycler 1.2. for actin and

CrFTL2; or under slightly changed cycling program [10 s

at 95�C for melting, 8 s at 58�C (CrFTL1) or 60�C (CrFL)

for annealing and 15 s at 72�C for extension]. PCR effi-

ciencies were estimated from calibration curves generated

from serial dilution of cDNAs. The calibrated normalized

ratios of the relative amount of the target and reference

gene were calculated as follows:

E
CpTðCÞ�CpTðSÞ
T � E

CpRðSÞ�CpRðCÞ
R

where ET, ER are the efficiency for target or reference gene

qRT PCR assay; CpT, CpR a crossing point for target or

reference genes; S sample; C calibrator.

Expression levels in C. rubrum were normalized against

actin (GenBank acc. number AM263428; Table 1).

Sequence and phylogenetic analysis

PCR products were cloned using the pGEM-T Easy kit

(Promega) and sequenced. Contig assembly was accom-

plished using Vector NTI Suite 9 (InforMax, Invitrogen,

Paisley, UK). A multiple alignment was performed using

AlignX in Vector NTI followed by manual correction.

The phylogenetic relationships among sequences were

estimated using the maximum parsimony method (MP) in

PAUP* 4 b10 (Swofford 2003). We calculated phylogenies

based on the amino acid sequences of 16 genes, including

CrFTL1 and CrFTL2, which are reported here. We incor-

porated a simple codon-based model of evolution that

weights transitions between amino acid residues by the

Table 1 Primer sequences used

to amplify, clone and sequence

FT like and LFY genes in

Chenopodium

The primers were designed in

this study, except for actin and

CrFL primers, whose sequences

were provided by J. Veit

Primer purpose Primer name Sequence (50–30)

CrFT Universal CrFT345For GGTTGGTGACTGATATTCCAG

CrFT501Rev CGCCACCCTGGTGCATACAC

CrFTL1 50

RACE CrFT116Rev CCTAATTGTCGAAACAACACGA

Nested CrFT83Rev CACCGATGGTCTTGGACTCT

CrFTL1 30

RACE CrFT39For TTTGGCCAAGAGTTGTTTGG

Nested CrFT78For TCGGTGGGTATACATCGATTC

CrFTL2 50, RACE CrFT142Rev TCAGAGGATGCATCAGAGGT

CrFTL2 complete sequence CrFT787-35For GGGGACAAAACTTCCAATGA

CrFT 787-787Rev GACATTAGGCAAACACTTTGAGAA

CrFTL1 complete sequence CrFTL1For CAGGCAGATATATAGAGTTGTCGAA

CrFTL1Rev TCCAATGATCTCTTCACGGTAG

qRT PCR

CrFTL1 CrFT720-298Rev CCCTCCCTTTGACAATTGAA

CrFT720-52For TGCACTGGTTGGTGACTGAT

CrFTL2 CrFT787-361For ATATTCCCGGGACCTCTGAT

CrFT787-536Rev TTCAGCGAAGGCTTCTGTTT

CrFL LFY200For GATTCGCAAAGAAAGCAGGA

LFY200Rev GCATCAATATCCCACCCTTG

Actin ACT-2_for CATCGTGCTCAGTGGTGGTA

ACT-2_rev TGAGGGATGCAGGGATAGAC

932 Planta (2008) 228:929–940

123



minimum numbers of nucleotide changes required to

evolve from one to another (Felsenstein 2004). This same

methodology is employed by PROTPARS described at

http://bioportal.cgb.indiana.edu/docs/tools/phylip/protpars.

html. The weight matrix was kindly supplied to the

authors by D. Swofford (Florida State University,

Tallahassee, USA) and will be provided by request.

Consensus bootstrap trees and bootstrap values were

calculated using 1,000 pseudo-replicates from random

seeds. Heuristic search strategies were employed to reduce

tree search times.

Sequence data from this study have been deposited in

GenBank data library under the accession numbers

EU128013 (CrFTL1, complete cds); EF445636 (CrFTL2,

complete cds); EF422350 (CrFTL1, intron); EF422358

(CrFTL2, intron). Sequences of FT like proteins were taken

from GenBank and their accession numbers are indicated

under the respective figures.

Results

Cloning and characterization of the cDNAs of CrFTL1

and CrFTL2 from C. rubrum

Two cDNA clones were isolated from the cDNA library

prepared from the apex and upper (folded) leaves of a

3-week-old plant of C. rubrum ecotype 374 that was

induced to flower by 12 h of darkness. Complete coding

sequence and 30 and 50 UTRs of CrFTL2 were obtained by

modified 30 and 50 RACE with single primers CrFT345For

and CrFT142Rev (Table 1). RACE with nested primers

(CrFT39For, CrFT78For for 30 end and CrFT116Rev,

CrFT83Rev for 50 end; Table 1) was used to find the 30 and

50 ends of CrFTL1.

Figure 1 shows an alignment of the predicted complete

amino acid sequences of CrFTL1 and CrFTL2 with

representative members of FT/TFL1 family from angio-

sperms. CrFTL2 has 52% identity (62% similarity) with A.

thaliana FT and differs in several conserved regions from

all other family members (positions 1–18, 104–107 in the

alignment; Fig. 1). It also has a premature stop codon

located in position 179 and lacks the last 9–12 amino acids,

which are present in other FT/TFL1 proteins. Moreover,

isoleucine occupies position 144 in CrFTL2. This position

has importance as a potential ligand-binding pocket (Ahn

et al. 2006); glutamine is present at this position in all

known FT orthologs, and aspartic acid in TFL1 orthologs.

These features of amino acid sequence suggest that the

function of CrFTL2 could be different from that of FT or

TFL1. By contrast, 128 amino acid residues of CrFTL1

correspond to A. thaliana FT (73% identity) including the

functionally important glutamine in position 144 and

tyrosine in 93.

              1                     20     exon 1       40                 60               /  80  exon 2 Y  /
    AmCEN    (1) ---MAAKVSSDPLVIGRVIGDVVDHFTSTVKMSVIYNSNNSIKHVYNGHELFPSAVTSTPRVEVHGGDMRSFFTLIMTDPDVPGPSDPYLREHLHW
   MdTFL1    (1) -----MKRASEPLVVGRVIGDVLDSFTATTKMSVTYNT----KLVCNGLELFPSVVTAKPRVEIQGGDMRSFFTLVMTDPDFPGPSDPYLREHLHW
   AtTFL1    (1) -MENMGTRVIEPLIMGRVVGDVLDFFTPTTKMNVSYNK----KQVSNGHELFPSSVSSKPRVEIHGGDLRSFFTLVMIDPDVPGPSDPFLKEHLHW
    AtBFT    (1) -----MSREIEPLIVGRVIGDVLEMFNPSVTMRVTFNSN---TIVSNGHELAPSLLLSKPRVEIGGQDLRSFFTLIMMDPDAPSPSNPYMREYLHW
    AtMFT    (1) -----MAASVDPLVVGRVIGDVLDMFIPTANMSVYFGP----KHITNGCEIKPSTAVNPPKVNISG-HSDELYTLVMTDPDAPSPSEPNMREWVHW

CrFTL2    (1) MIQGKEANEISTHSGVAGIEDVLDPFDSCVTLRVSYNN----RTVTTGGEFSPSQVVSQPRVEVGG-DLGTFYTLVMVDPDAPSPSNPHLREYLHW
   SlSP5G    (1) ----MPR---DPLIVSGVVGDVVDPFTRCVDFGVVYNN----RVVYNGCSLRPSQVVNQPRVDIDGDDLRTFYTLIMVDPDAPNPSNPNLREYLHW
     AtFT    (1) ----MSINIRDPLIVSRVVGDVLDPFNRSITLKVTYGQ----REVTNGLDLRPSQVQNKPRVEIGGEDLRNFYTLVMVDPDVPSPSNPHLREYLHW
    AtTSF    (1) ----MSLSRRDPLVVGSVVGDVLDPFTRLVSLKVTYGH----REVTNGLDLRPSQVLNKPIVEIGGDDFRNFYTLVMVDPDVPSPSNPHQREYLHW

CrFTL1    (1) ----MPRTPRDPLVVGRVIGDVLDPFNRTVNLRVSYNN----RDVNNGCEFRPSQVVNQPRVEIGGDDLRTFYTLVMVDPDAPSPSNPHLREYLHW
   SlSP3D    (1) ----MPRE-RDPLVVGRVVGDVLDPFTRTIGLRVIYRD----REVNNGCELRPSQVINQPRVEVGGDDLRTFFTLVMVDPDAPSPSDPNLREYLHW
   OsHd3a    (1) --MAGSGRDRDPLVVGRVVGDVLDAFVRSTNLKVTYGS----KTVSNGCELKPSMVTHQPRVEVGGNDMRTFYTLVMVDPDAPSPSDPNLREYLHW

             97    exon 3      /       120        exon 4   140 Q    160                 180         192 
    AmCEN   (94) IVTDIPGTTDSS-FGKEVVSYEMPRPNIGIHRFVFLLFKQKKRGQAMLSPP--VVCRDGFNTRKFTQENELGLPVAAVFFNCQRETAARRR-----
   MdTFL1   (88) IVTDIPGTTDAT-FGREVVSYEMPKPNIGIHRFVFVLFKQNQR--QSINT---PSSRDHFSTRSFAAENDLGLPVAAVYFNAQRETAARRR-----
   AtTFL1   (92) IVTNIPGTTDAT-FGKEVVSYELPRPSIGIHRFVFVLFRQKQR--RVIFPN--IPSRDHFNTRKFAVEYDLGLPVAAVFFNAQRETAARKR-----
    AtBFT   (89) MVTDIPGTTDAS-FGREIVRYETPKPVAGIHRYVFALFKQRGR--QAVKAA--PETRECFNTNAFSSYFGLSQPVAAVYFNAQRETAPRRRPSY--
    AtMFT   (87) IVVDIPGGTNPS-RGKEILPYMEPRPPVGIHRYILVLFRQNSPVGLMVQQP---PSRANFSTRMFAGHFDLGLPVATVYFNAQKEPASRRR-----

CrFTL2   (92) MVTDIPGTSDASSDEEEMYCYESPQPSMGMHRYVFVLFQQSGR--QTVYTP---GWRINFETEAFAEIYNL-KPVAAVYFNC--------------
   SlSP5G   (86) LVTDIPAATGAT-FGNEVVGYESPRPSMGIHRYIFVLYRQLGC--DAIDAPDIIDSRQNFNTRDFARFHNLGLPVAAVYFNCNREGGTGGRRL---
     AtFT   (89) LVTDIPATTGTT-FGNEIVCYENPSPTAGIHRVVFILFRQLGR--QTVYAP---GWRQNFNTREFAEIYNLGLPVAAVFYNCQRESGCGGRRL---
    AtTSF   (89) LVTDIPATTGNA-FGNEVVCYESPRPPSGIHRIVLVLFRQLGR--QTVYAP---GWRQQFNTREFAEIYNLGLPVAASYFNCQRENGCGGRRT---

CrFTL1   (89) LVTDIPGGSGAS-FGQELFGYESPRPSVGIHRFIFVLFRQLGR--QTVYPP---GWRQQFNTRDFAEIYNLGLPVASVYFNCQREGGSGGRRL---
   SlSP3D   (88) LVTDIPATTGSS-FGQEIVSYESPRPSMGIHRFVFVLFRQLGR--QTVYAP---GWRQNFNTRDFAELYNLGLPVAAVYFNCQRESGSGGRRRSAD
   OsHd3a   (91) LVTDIPGTTAAS-FGQEVMCYESPRPTMGIHRLVFVLFQQLGR--QTVYAP---GWRQNFNTKDFAELYNLGSPVAAVYFNCQREAGSGGRRVYN-

Fig. 1 The alignment of amino acid sequences of CrFTL1 and

CrFTL2 with other FT/TFL1 family members from angiosperms.

Dashes denote gaps. Slashes denote exon boundaries, capital letters
above the alignment indicate functionally important conserved amino

acids (Tyr85 and Gln140 of AtFT). Protein sequences taken from

GenBank include the following: SlSP3D, AAO31792; and SlS5PG,

AAO31793 (from Lycopersicon esculentum); AmCEN, AAB36112

(from Antirrhinum majus); AtMFT, AAD37380; AtTSF, Q9S7R5;

AtFT, NP_176726; AtTFL1, NP_196004 and AtBFT, Q9F1T4 (from

Arabidopsis thaliana); MdTFL1, BAD06418 from Malus 9 domes-
tica; OsHd3a, BAB61030 (from Oryza sativa)
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To evaluate the relationship of CrFTL1 and CrFTL2

with other plant FT/TFL1 proteins more closely, we per-

formed a phylogenetic analysis (Fig. 2). The bootstrap

consensus tree was not well resolved, but did support a

hypothesis that CrFTL1 and CrFTL2 are more closely

related to other FT homologs than to Brother of FT (BFT)

or Mother of FT (MFT). This also indicates that both

CrFTL1 and CrFTL2 are members of the FT/TFL1 family.

We also analyzed the genomic structure of the CrFTL1

and CrFTL2 genes and compared it with FT gene of A.

thaliana. The position and number of introns were identi-

cal, but their lengths differed (Fig. 3).

To estimate the number of FT like genes in the C. ru-

brum genome we performed Southern hybridization with a

probe derived from the coding region of the CrFTL1 gene.

Two bands were visible on the autoradiogram (Fig. 4a). As

the target region of the CrFTL1 gene recognized by the

probe did not contain HindIII restriction site, the bands

corresponded to CrFTL1 and another FT like gene. This

gene could not be CrFTL2, as the CrFTL1 probe was

highly specific and gave very weak signal with the CrFTL2

gene (Fig. 4b). Therefore, one gene, closely related to

CrFTL1 exists in C. rubrum. Restriction analysis data of

the genomic regions are not presented.

Diurnal oscillations of CrFTL1 mRNA levels

in the seedlings of C. rubrum

At the age of 5 days, C. rubrum seedlings with fully

opened cotyledons were exposed to one of the two treat-

ments: (1) continuous light to a 12-h dark/12-h light

photoperiodic regime or (2) a single12-h darkness and then

returned to continuous light. Control seedlings were kept

under continuous light. mRNA levels for CrFTL1, CrFTL2,

and CrFL were estimated in whole shoots by qRT PCR

Fig. 2 The Maximum parsimony bootstrap consensus tree based on

amino acid sequences of angiosperm FT proteins. Transitions

between amino acid residues were weighed by the minimum numbers

of nucleotide changes required to evolve from one to another. AtBFT

was used as the outgroup. The bootstrap support values calculated

from 1,000 pseudoreplicates are indicated near the nodes. Protein

sequences taken from GenBank are the following: SlSP3D,

AAO31792; SlSP2G, AAO31791; and SlS5PG, AAO31793 (from

Lycopersicon esculentum); AtMFT, AAD37380; AtTSF, Q9S7R5;

AtFT, NP_176726; and AtBFT, Q9F1T4 (from Arabidopsis thaliana);

MdFT, BAD08340 (from Malus 9 domestica); CsFT, BAA77836

(from Citrus sinensis), AAR04684; PnFT4a, BAD08337; PnFTL4,

BAD22677; PnFT2a, BAD01576; and PnFT1b, bAD01561 (from

Populus nigra); OsHd3a, BAB61030 (from Oryza sativa)

1 2 3 4

1 2 3 4

1 2 3 4

a

b

c

Fig. 3 Genomic structure of the FT gene of A. thaliana (a),

compared with the CrFTL1 (b) and CrFTL2 (c). Exons are black,

UTRs gray, introns are white. The exons are numbered (1–4). The

positions, but not the sizes of introns, are conserved among the genes

8567
7427
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4899

3639
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M
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CrFTL1

CrFTL2

Fig. 4 Southern hybridization with DIG labeled probe derived from

the CrFTL1 gene. a Two bands were revealed in total DNA of C.
rubrum, digested with HindIII. b The plasmids with cloned CrFTL1
or CrFTL2 genes were diluted as indicated and applied in double dots

on the membrane and hybridized. The CrFTL2 gene gave about

1,0009 weaker signal than the CrFTL1 gene
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using actin as a reference gene. In the continuous 12-h

dark/12-h light regime CrFTL1 expression displayed a

diurnal rhythm with a peak in the middle of the light period

(Fig. 5a). When only one 12-h dark period was applied, the

robust diurnal rhythmicity disappeared after returning the

plants to continuous light; an initial high peak of a CrFTL1

mRNA was followed by a slight increase 30–36 h after the

first maximum. This observation documents strong damp-

ing of the CrFTL1 expression rhythm in the absence of

darkness. Constantly low levels of CrFTL1 mRNA were

found in continuous light. These observations emphasize

an essential role of a dark period for the induction of

CrFTL1 transcription.

Because the maximum CrFTL1 expression occurred in

the middle of the light period, we investigated the tran-

scription pattern during permanent darkness for

comparison. The 5-day-old, light grown seedlings were

transferred to darkness for 72 h. Unlike arrhythmic

expression exhibited under continuous light, the CrFTL1

transcript abundance showed clear rhythmicity with the

first peak around 12 h after the transfer into darkness

(Fig. 6). This corresponded to the length of a dark period,

which induced maximal flowering. The second peak

occurred at 45 h and was slightly lower, suggesting the

period of the CrFTL1 rhythmic expression was about 33 h.

Because the first peak could be affected by the light to dark

transition, the time span between the second and third

peaks (15 h) would be a better estimate of the period.

However, the position of the third maximum was not

exactly to determine as the third peak was burdened with
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respectively. Mean values ± SD were calculated from four indepen-
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high standard error. Generally, the amplitudes of the

CrFTL1 expression in dark were very low, comparable

with the levels of expression of this gene in permanent

light. Thus, transfer of C. rubrum seedlings from light to

dark, induced rhythmic CrFTL1 expression, but with very

low amplitudes.

In contrast to CrFTL1, expression of CrFTL2 (Fig. 5b)

was almost identical in seedlings growing under permanent

light and seedlings treated by darkness. CrFTL2 expression

was about 20–50 times higher than the expression of

CrFTL1 under non-permissive (permanent light)

conditions.

We extracted RNA from the above-ground tissues of

5-day-old C. rubrum seedlings, which contained both

cotyledons and shoot apices. It enabled us to measure the

CrFTL1 and CrFL expression in the same specimen of total

RNA, even if the two genes are expressed in different

organs (cotyledons or apices). CrFL mRNA levels were

constantly low in continuous light. However, they started

to increase on the third day in the seedlings treated by at

least one dark period (Fig. 5c).

At the age of 14 days, flowering was assessed in 17–20

plants from each treatment. One 12-h dark period was

sufficient to induce flowering in 94% of plants, three dark

periods induced flowering in all examined plants. No

flowering was found in plants grown in continuous light.

Hence CrFL transcript levels rose only in those treatments

that induced flowering (Fig. 5c). Plants treated by the 72-h

dark period showed no flowering.

Expression of CrFTL1 depends on the length of dark

period in the seedlings of C. rubrum

Five-day-old seedlings of C. rubrum ecotype 374 can be

induced to flower by a single dark period; its optimal length

is about 12 h, shorter dark periods are only partially

inductive. To investigate whether CrFTL1 expression cor-

relates with the strength of photoperiodic flower induction,

we measured CrFTL1 transcript levels in shoots after a

single 12, 6 or 4-h period of darkness and in continuous

light. CrFTL1 expression rose about 20-fold after a single

12-h dark period, while a 6-h dark period resulted in only

3-fold increase (Fig. 7). No change in constantly low

CrFTL1 expression was observed if a 4-h period of dark-

ness or permanent light were applied (Fig. 7). The increase

in CrFTL1 expression indeed correlated with the efficiency

of flower induction, estimated at the age of 14 days in ten

individuals. After a single 12-h dark period 90% of plants

flowered, whereas only 20% were induced by a 6-h dark

period and no flowering was observed in those exposed to a

4-h darkness or permanent light. Thus, the estimated

CrFTL1 mRNA levels increased with the length of

darkness.

As in the previous experiment, CrFTL2 expression was

almost identical in seedlings growing under permanent

light and seedlings treated by different periods of darkness

(data not shown).

The effects of night break on CrFTL1 and CrFTL2

expression

A short exposure to light in the middle of night, called a

night break, inhibits flowering in short-day plants, includ-

ing C. rubrum (Cumming et al. 1965). To test the effects of

night break on CrFTL1 and CrFTL2 expression, C. rubrum

seedlings were grown under continuous light for 5 days,

transferred to darkness for 12 or 18 h, and then back to

permanent light. One set of plants was exposed to a break

of red light for 15 min in the middle of 12-h dark period—

6 h after the transfer to darkness. Another set of plants was

treated by a night break at the same time and left in dark for

additional 12 h—they were subjected to dark for 18 h on

the whole. Control seedlings were exposed to 12-h dark-

ness without a night break. Flowering response was

analyzed in 20 individuals from each set. In control plants
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80% were induced to flower, whereas no plants flowered in

the variants exposed to the night break.

The CrFTL1 mRNA abundance was examined every 4 h

for 36 h, starting at the time of shift to darkness. CrFTL1

expression in control seedlings peaked about 6 h after the

return to light, reaching about 50-fold level than in dark-

ness (Fig. 8). By contrast, plants exposed to night break

showed just a low increase (5-fold) in CrFTL1 transcript

abundance (Fig. 8), about 6–8 h after the return to per-

manent light. The peak of CrFTL1 expression in the

seedlings treated with 18-h dark period (6-h dark, night

break, 12-h dark) occurred about 8 h later than in the

seedlings treated with 12-h dark. Therefore, the CrFTL1

gene was upregulated after the return from dark to light, in

both control and night-break treated plants. However, the

transcript level was 20-fold higher in controls than in plants

exposed to a night break. As in the previous experiments,

high CrFTL1 transcript abundance was associated with

those experimental conditions which also led to flower

induction.

In contrast to CrFTL1, the expression of the CrFTL2

gene was invariable and not influenced by a nigh break.

Expression of CrFTL1 and CrFTL2 in the plants of

C. rubrum with true leaves after photoperiodic induction

As the sensitivity to photoperiodic flower induction

depends on age in C. rubrum (Seidlová and Krekule 1973;

Ullmann et al. 1985), we investigated the expression of

CrFTL1 and CrFTL2 in 15-day-old plants. They were

induced to flower by one, two or three periods of 12-h

darkness. At the time of induction they had one pair of

fully expanded true leaves and still green cotyledons.

Expression levels of CrFTL1 in the leaves were estimated

immediately after the end of the first and second dark

period and 0, 3 and 6 h after the third dark period. The

transcript level of CrFTL1 in leaves examined after the

first dark period increased slightly (79; Fig. 9a). The

increase was higher (about 159) than in the control after

the second dark period and further increased with time

since the end of the third dark period. Six hours after the

third dark period it was approximately 509 higher than in

the control with uninduced leaves. The efficiency of flower

induction was estimated 8 days after the application of

dark periods in 20 plants. 100% of plants treated by three

or two dark periods developed flower buds, but only 58%

of plants were induced to flower by a single period of

darkness. No flowering was observed in plants grown at

permanent light.

CrFTL2 expression showed no significant variation

(Fig. 9b).

Discussion

Although the short-day species C. rubrum has been used to

investigate flowering for many years (Seidlová and Krekule

1973; Ullmann et al. 1985), regulator genes governing this

process have only recently been discovered when Veit

et al. (2004) described a LEAFY/FLORICAULA homolog.

In this study, we focused on the genes located upstream of

LEAFY in the floral signaling pathway and identified two

C. rubrum homologs of FT – CrFTL1 and CrFTL2.

CrFTL1 and CrFTL2 show similarity to FT of A. tha-

liana (Figs. 1, 2), but differ from one another in DNA (and

amino acid) sequence and expression pattern. Whereas

CrFTL1 transcription is highly induced by a 12-h period of

darkness, expression of CrFTL2 is not affected by this

treatment at all. CrFTL2 was continuously maintained at

about 50 times the level of the background expression of

CrFTL1 in non-induced plants.

0

2

4

6

8

10

12

14

0h 4h 8h 12h 16h 20h 24h 28h

R
el

at
iv

e 
C

rF
T

L
1 

ex
p

re
ss

io
n DL

NB-12

NB-18

DL
NB-12

NB-18

Fig. 8 The effect of a night break on the CrFTL1 transcript level in

C. rubrum seedlings. Seedlings were grown at permanent light for

5 days and then transferred to darkness at time 0. Night break was

applied at 6 h after the transfer to darkness. The aerial parts of

seedlings for RNA extraction were sampled every 4 h for 28 h. White
and black bars below the graph represent light and dark periods,

respectively. Mean values ± SD were calculated from four indepen-

dent measurements of two seedlings

Planta (2008) 228:929–940 937

123



The nucleotide substitutions in the CrFTL2 result in the

replacement of some conservative amino acids (Fig. 1) that

are necessary for the correct functioning of FT genes across

angiosperms (Ahn et al. 2006). We also note that compared

to other genes in the FT/FTL1 family, CrFTL2 has a pre-

mature stop codon at the 30 end and a divergent sequence at

the 50 end of its coding region. These observations might

lead to the conclusion that CrFTL2 is a non-functional

pseudogene. The preserved open reading frame, correct

splicing of the third intron and particularly the high levels

of transcription suggest, however, that CrFTL2 does have a

biological function, albeit one that is unknown.

The CrFTL1 transcript level displayed diurnal rhyth-

micity under the 12-h dark/12-h light regime with a peak in

the middle of a light period. In A. thaliana, the diurnal

expression pattern of FT was characterized by a maximum

at the end of a long day (Suarez-Lopez et al. 2001; Yam-

aguchi et al. 2005). Transcription of Hd3a, an FT ortholog

in a short-day Oryza sativa peaks around dawn with a

gradual decrease during the 9-h short day (Kojima et al.

2002). Putative Pharbitis (Ipomoea nil) FT orthologs

PnFT1 and PnFT2 showed a diurnal rhythm of expression

under short day with a peak after dawn (Hayama et al.

2007). The phase of rhythmic expression of FT orthologs is

therefore most similar between rice and Pharbitis, two

short-day plants studied in the greatest detail. The CrFTL1

mRNA reaches its maximum at midday, which is different

from rice, Pharbitis, and A. thaliana.

The CrFTL1 expression dampened to a low level when

the first dark period was followed by permanent light.

Alternation of light and dark periods was therefore neces-

sary to maintain diurnal oscillation of CrFTL1 expression,

similarly to other short-day plants—rice and Pharbitis

(Kojima et al. 2002; Hayama et al. 2007).

Under constant darkness, the CrFTL1 expression fol-

lowed a rhythmic pattern with very low amplitude. This

behavior was in deep contrast with recent observations in

Pharbitis and rice. Pharbitis FT homologs cycled with

higher amplitude under constant darkness than under con-

stant light (Hayama et al. 2007), whereas Hd3a expression

in rice peaked in the middle of the night (Ishikawa et al.

2005). Our finding demonstrated that the transfer of seed-

lings from continuous light to constant darkness caused a

change from an arrhythmic pattern of CrFTL1 expression

to a rhythmic pattern, but was not sufficient to activate this

gene to the level necessary for flower induction. To achieve

this level, transfer of plants from darkness to light was

necessary (Fig. 6). Taken together, our experiments sug-

gest that upregulation of the CrFTL1 gene in C. rubrum

requires (1) a permissive period of darkness and (2) light at

the end of dark period.

Similar to the other well-studied short-day plants (Is-

hikawa et al. 2005; Hayama et al. 2007), flowering of C.

rubrum was inhibited by night break, a pulse of red light

given at midnight. Night break also inhibited CrFTL1

expression. Interestingly, slight gene activation was

observed when the plants treated by night break in the

course of 12-h dark period were returned to light. Similar

slight upregulation after the transfer to light occurred in

plants subjected to an 18-h dark period interrupted with a

night break. Thus, the CrFTL1 gene activation was driven

by the transfer to light, not by time since the transfer to

dark or since a night break. This finding is in agreement

with the supposed activation effect of light on the CrFTL1

expression. If a night break was applied, activation effect
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Fig. 9 Relative expression levels of CrFTL1 (a) and CrFTL2 (b) in

the leaves of 15-day-old C. rubrum. Plants previously grown in
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of a dark period was canceled and light induced just a very

weak upregulation of the CrFTL1 expression.

In all the experiments, a high level of CrFTL1 mRNA

was always associated with flower induction, whereas a

low level of its expression was found when plants did not

flower. Based on these transcription results, we conclude,

that the CrFTL1 gene may function as one of the floral

inducers in C. rubrum. A close relative of the CrFTL1

gene, different from CrFTL2, was revealed by Southern

hybridization in the C. rubrum genome (Fig. 4) and mul-

tiple floral inducers have been identified in other model

species. Despite detailed knowledge of rice and A. thali-

ana, the roles of floral inducers such as TSF and FTL1 that

are related to FT and Hd3a, respectively, are not fully

clarified (Kobayashi et al.1999; Doi et al. 2004).

Hayama et al. (2007) concluded that PnFT expression in

Pharbitis is regulated by different mechanism than Hd3a

expression in rice, apart from the phenotypic similarity of

flowering promotion between both short-day species. They

assumed that short-day plants adopted various modes of

control of flower induction. The results of our study, par-

ticularly very low expression of the CrFTL1gene under

constant darkness in C. rubrum seedlings supports this

hypothesis.

CrFL, the LEAFY/FLORICAULA homolog in C. ru-

brum is responsible for the transition from vegetative to

reproductive meristem (Veit et al. 2004). The CrFL

expression started to increase about 30 h after the end of

the first dark period. This is several hours after the floral

stimulus from cotyledons (florigen) was found to reach

the shoot apex (King 1972). Activation of the FT tran-

scription is mediated by CONSTANS (CO) in Arabidopsis

(Putterill et al. 1995; Samach et al. 2000), whereas its rice

homolog Hd1 (Yano et al. 2000) is proposed to have a

dual effect (inhibition or activation) on Hd3a expression

(Kojima et al. 2002; Hayama et al. 2003). To elucidate the

regulation of CrFTL1 expression, we have recently iden-

tified CO homologs in C. rubrum and we are analyzing

their expression patterns (Storchova et al. data not

shown).

Our gene expression data suggest that CrFTL1 may be a

floral regulator. However, more experiments are necessary

to bring conclusive evidence. The transformation of A.

thaliana (wt and FT loss-of-function mutants) with

CrFTL1 and CrFTL2 genes under the control of 35S pro-

moter is currently under way in our laboratory with the aim

of analyzing the function of both the genes in a heterolo-

gous plant system.

Although focused on C. rubrum, we anticipate that our

study will facilitate the identification of flowering related

genes in related species such as C. quinoa, an important

grain crop in South America (Partap et al. 1998).

Understanding developmental processes in this species,

particularly regulation of flowering, is of great importance

for its future broader use in agriculture.
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Veit J, Wagner E, Albrechtová JTP (2004) Isolation of a FLORICA-
ULA/LEAFY putative orthologue from Chenopodium rubrum and

its expression during photoperiodic flower induction. Plant

Physiol Biochem 42:573–578

Wada M, Cao Q, Nobuhiro K, Soejima J, Masuda T (2002) Apple has

two orthologs of FLORICAULA/LEAFY involved in flowering.

Plant Mol Biol 49:567–577

Wigge PA, Kim MC, Jaeger KE, Busch W, Schmid M, Lohman JU,

Weigel D (2005) Integration of spatial and temporal information

during floral induction in Arabidopsis. Science 309:1056–1059

Yamaguchi A, Kobayashi Y, Goto K, Abe M, Araki T (2005) TWIN
SISTER OF FT (TSF) acts as a floral pathway integrator

redundantly with FT. Plant Cell Physiol 46:1175–1189

Yano M, Katayose Y, Ashikari M, Yamanouchi U, Monna L, Fuse T,

Baba T, Yamamoto K, Umehara Y, Nagamura Y, Sasaki T

(2000) Hd1, a major photoperiod sensitivity quantitative trait

locus in rice, is closely related to the Arabidopsis flowering time

gene CONSTANS. Plant Cell 12:2473–2484

Yoo SY, Kardailsky I, Lee JS, Weigel D, Ahn JH (2004) Acceleration

of flowering by overexpression of MFT (MOTHER OF FT AND
TFL1). Mol Cells 17:95–101

Zeevaart JAD (1976) Physiology of flower formation. Annu Rev Plant

Physiol Plant Mol Biol 27:321–348

940 Planta (2008) 228:929–940

123


	Two FLOWERING LOCUS T (FT) homologs in Chenopodium rubrum differ in expression patterns
	Abstract
	Introduction
	Materials and methods
	Plant material
	Cloning of CrFTL1 and CrFTL2 cDNAs
	Southern hybridization
	Gene expression estimation by means of qRT PCR
	Sequence and phylogenetic analysis

	Results
	Cloning and characterization of the cDNAs of CrFTL1 and CrFTL2 from C. rubrum
	Diurnal oscillations of CrFTL1 mRNA levels �in the seedlings of C. rubrum
	Expression of CrFTL1 depends on the length of dark period in the seedlings of C. rubrum
	The effects of night break on CrFTL1 and CrFTL2 expression
	Expression of CrFTL1 and CrFTL2 in the plants of C.&blank;rubrum with true leaves after photoperiodic induction

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


