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Abstract

Abstract

Control of flowering time is critical foreproductivesuccessin Arabidopsis thalianathe
geneFLOWERNG LOCUS T(FT) encodes part of florigemvhich move from leaves tdhe
shootapex to inducehe floral transition Under inductive long days (DD transcription
activation is mainly mediated by CONSTANS (COQhe epigenetic repressaHP1, which

assocateswith H3K27me3 antagonizes CO activity in vascular tissatesT.

The 5.7 kb sequence upstream of fietranslation start codocontains sufficient regulatory
elements to mediate spatial and temporal expressiéff.ddn this full lengthFT promoter,
phylogenetic analysis identified three conserved blpe&sharound 30(bp, calledBlock A
B andC. The aim of mystudy wado identify andcharacterizéunctionalcis-elementswithin

the conserved blockendelucidate the molecular mechanismg-aftrancription regulation

My resultsindicatethat Block C(5.2 to 5.6 kbupstream of the transcriptional start yite
necessary foF T expression in LD conditions, arldat CCAATboxesin Block Cand close to
Block A at the proximal promoterimpair the effciency of a full length FT promoter.
Mutagenesis otither one offour conservedsubblocks in Block C dramaticallyreduces
promoter activity. AlthouglBlock Cacts as distal enhancer, it requires specific sequences
contained inBlock A to convey phloenspecific expression ofFT in leaves Through
Chronosome Conformation &pture (3C)assaysa weaklong-distance physicahteraction
betweerBlock CandA could be detected

The distance betwedBlock CandA displaysnatural variation among fierent A. thaiana
accessionsShortening the distance between the blocks by deleting 3.5 kb intersecting region
or directly connectingBlock Cand A, generatedshorter versions othe FT promoterthat

mimic the fultlength promoter funtiom response to LDs

How the epressivehistone mark H3K27meand LHP1 contribute t&T regulation is still
unlcear. To studyifferential enriclment of H3K27me3at the FT promoter nuclei were
isolated byINTACT (isolation of nucletagged in specific cell typefom the leaf phloenof
plants grow in LD or SDconditions Chromatin immunoprecipitation (ChIP) revealbdt
the abudance oH3K27me at Block C and A regions negatively correlated witRT

expression levels the phloem

Taken together, the distal enhand&dock C and Block A in the proximal proroter are

accessible in leaf phloem cells ardjuired and sufficent fdfT expresion in LD conditions.
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Fur eine erfolgreiche pflanzliche Vermehrung ist es unumganglich den Blihzeitpunkt zu
kontrollieren. InArabidogsis thaliana kodiert das GefrLOWERING LOCUS TFT) einen

Tei l des Aflorigenfi, welches sich von den [
Bluhen einzuleiten. In induzierenden Langtagbedingungen (LD), wird die Aktivierurigider
Transkription lauptsachlich Gber CONSTANS (CO) gesteuert. Das epigenetische
Repressionsprotein LHP1, welches mit H3K27me3 assoziiert, fungiert antagonistisch zu der

CO Aktivitat in Bezug auFT im vaskularen Gewebe.

Die 5,7 kb Promotersequenz vor dem StartcodonRarthalt regulatorische Elemente, die
ausreichen, um eine ortlich und zeitlich begrenzte ExpressiofrVau gewahrleisten. Auf
diesem funktionaledrT Promoter wurden drei konservierte Blécke durch phylogenetische
Analysen identifiziert. Jeder der BlockBlgck A, Bund C) ist etwa 300 bp lang. Meine
Arbeit hatte die Identifikation und Charakterisierung funktionaisiElemente innerhalb der
konservierten Promoterblocks zum Ziel. Somit sollte zum Verstandnis der molekularen

Mechanismen beigetragen werden]akie dieFT Transkription regulieren.

Meine Ergebnisse deuten an, d&sck C(5.27 5.6 kb vor demFT Transkriptionsstart)
essentiell fur dieFT Expression in LD Bedingungen ist. Zusatzlich scheinenGIIAAT
Elemente inBlock C und naheBlock A im proximalen Promoter die Effizienz des
Gesamtpromoters vdrT direkt zu beeinflussen. Wenn man vier konservierte Unterblécke in
Block C durch Mutagenese verandert, fuhrt dies zu stark verminderter Aktivitat des
Promoters. ObwolBlock Cdie Aktivitdt vonFT ausder Distanz beeinflusst, sind zusétzlich
spezifische Sequenzen Block Andtig, um eine phloemspezifische Expression #dnin
Blattern zu gewahrleisten. Durch Chromosome Confirmation Capture (3C) konnte eine

schwache physikalische Interaktion zwisclBéock CundBlock Anachgewiesen werden.

Die Distanz zwischemlock Cund A weist naturliche Variation zwischen verschiederen
thaliana Akzessionen auf. Die Verkirzung der Distanz zwischen den Blocken, durch die
Beseitigung des 3,5 kb umfassenden Zwisabgion oder die direkte Verbindung zwischen
Block Cund A, generierten kirzere Versionen dé$ Promoters, die die Funktion des
komplettenFT Promoters in LD Bedingungen imitierten.

Es bleibt weiterhin unklar, wie die repressive Histonmarkierung H3K27me3_HiP1 zur
FT Regulation beitragen. Um differenzierte Anreicherung von H3K27me&Rfromoter

zu untersuchen, wurden Zellkerne durch INTAQ3olation von in bestimmten Geweben
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markierten Zellkernen) aus dem Blattphloem von Pflanzen, die in LD oder SDBgBaeden
gewachsen waren, isoliert. Mit Hilfe von Chromatin Immunoprazipitation (ChlP) konnte
gezeigt werden, dass die Haufigkeitsverteilung von H3K27meéd8auk Cund A im Phloem

negativ mit der der Expression vBit korrelierte.

Zusammen genommen sin@rdentfernte Expressionsverstark@ock C und Block Aim
proximalen Promoter in Blattphloemzellen verfigbar und sowohl nétig als auch ausreichend

fur die Expression voRT in LD Berdingungen.
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1. Introduction

1. Introduction

1.1 Photoperiodic flowering pathway

In higher plants, two basic growth phases are known. They result in vegetative and
reproductivedevelopmental stages of plant growth.Arrabidopsis thaliangArabidopsis or

At), during the process of floral transition changing the vegetative growth to the reproductive
phase, the shoot apical meristem (SAM) is phenotypically modified ant infloresence
meristem(Huijser and Schmid, 2011)n the annual Arabidopsigenus, flora transition
cannot be revertednder normal growth condition&lowering time isstringently controlled

by an internal gene networdnd external environment cusach asplant age day length,

light quality andtempeature (Jack, 2004) Genetic studies havbeen identified several
flowering time pathways, for examples photoperiod (day length), GA (gibberellin acid),
vernalization (a perio@f cold), thermesensory, automoousand aging pathway§Andres

and Coupland, 2012; Kumar et al., 2012; Putterill et al., 2004; Wang et al.,. 20@9)

photoperiod pathwawas introducedn this part

Photoperiodismis the physiological reaction of plants ttee length of day and night persd

and the controlling factor ishe length of darknesgHamner, 194Q0) Depending on the
flowering stimulus from dayength, plants are categorized as latay, shorday and day

neutral plantgAllard and Garner, 1940)n 1936,physiologist Mikhail Chadkhyanreported

that only leaves were receiving a photoperiodic stimulus whereas the stem buds were
acceptors of this signal in Chrysanthem(raviewed byChailakhyan 1975).0One yar later,

in 1937, combining grafting experiments fr
concept was mentioned for the first time. In this concapgtormondike moleculewhich is
produced in leaves and moves up to the SAM to trifjgarering was described (reviewed

by Chailakhyan 1975).However,it took more than seven decades to identify the molecular

natue behind the florigen concept.

1.1.1 FT: part of florigen

Arabidopsis as a facultative lorday plant is early flowering under induai LD, but late
flowering in SD conditiongHisamatsu and King, 2008; King et al., 200Bate flowering
mutants such agi (gigantea) co (constan} andft (flowering locus ¥ mutantswere isolated

by Maarten Koornneef and colleagugoornneef et al., 1991FT is an early downstream


http://www.plantcell.org/content/18/8/1783.full#ref-9
http://www.plantcell.org/content/18/8/1783.full#ref-9
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target of CQ(Samach et al., 2000) ransgenic plants carryirgpS::CO(the promoter 0f35S

is a strong and constitutivé5S RNA promoter fromCauliflower Mosaic Virus(CaMV))
flower early independent of day lengtfSimon et al., 1996)Mis-expression ofCO by
phloemspecific expression promot&UC2 rescuedate floweringof co mutants, butCO
expressing in the meristem driven BNAT1 promoterfails to complementco mutants.
Overexpressionf FT in the phloem or meristem ressumth co andcott. It suggests thafO
controls the synthesis of systemic flowering signal probably thrédgfAn et al., 2004) A
bZIP transcription factor FD ipreferentially &pressed in the meristem and as a partner
required for FT action of triggering flowerir{@be et al., 2005)

In 2005,FT mRNA as florigen was reported to move from leaves to apex. These results,
however, were later retractéBohlenius et al., 2007; Huarg al., 2005) In tomato,SFT
(SINGLE FLOWER TRU$® the ortholog of ArabidopsiST. SFTmRNA was not detected

in the SAM ofsft shoots that haeen grafted ont85S::SFTdonors(Lifschitz et al., 2006)

In 2007, in Arabidopsis, GFP signal was deteciedhe SAM of ft-7 plants carrying
SUC2::FT:GFR and the GFP signal was also observed in the apex of plant&-withutant

shoots grafted ontBUC2::FT:GFP;ft7 roots(Corbesier et al., 200.7)n rice, an ortholog of

FT, Hd3atagged GFP driven by phloerapecificpromoters such a®IC or RPP16showed
florescence signals in thegpexesAs contro) the photoactivatable fluorescent protein Kaede
driven by the same promoters only showed florescence signals that were restricted to phloem
tissue beneath the SAMamaki et al., 2007)

Evidence provided by ddrent research groups supportib@ hypothsis that FT protein
movement wasecessary for the floral inductioblinder the control of th&€UC2promoter,

FT tagged with 5x Myc at the-Nerminal moved out ofampanion cells into the SAM, but
Myc:FT with nuclear localization signal (NLS) was trapped in the nucleus, which resulted in
plants in which FT could not travel nor trigger flowering. As conttbé fusion protein
Myc:FT with NLS expressed in the apgxomotead flowering (Jaeger and Wigge, 2007)
Furthermore, FT tagged by TEBXYFP carrying aleavage sitby TEV (tobacco etch virus)
protease wa too big to move out of phloem cells. While FT released from the big fusion
protein was sufficient to induce flartransition(Mathieu et al., 2007)From heteregrafting
experiments in Cucurbitsnass spectrometry analysis of phloem sap proteins revealed the
presence of FT protein, but nBT transcripts were detected according to-AROR
measurementi.in et al., 2@7). In sum, FT protein can be viewed as a ldigjance mobile

signal, which is translocated from leaveshe SAM to promote floral transition. Thug&T
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proteinfits well with the definition of florigen.

1.1.2 GFCO-FT module in photoperiod pathway

Basd on two decades of genetic studies on flowering time, componei@®©ET became

established as central moduleghotoperiod pathwafTurck et al., 2008)

Gl encoding a nuclear protein identified as a component of the circadian clock network.
There, it regulates the central loop factdrslY (LATE ELONGATED HYPOCOTYland
CCAL1 (CIRCADIAN CLOCKASSOCIATED ) (Park et al., 1999)Additionally, GI could
also repres3IOC1(TIMING OF CAB EXPRESSION &xpressionn a feedback loop in the
evening (PrunedaPa& and Kay, 2010) Genetic experiments demonstratdlat through
circadian clock Gl positively uggulates expression levels @O andFT (Mizoguchi et al.,
2005)

CO encodes a nuclear protein containing a CCT (CONSTANSI|ikeDand TOC1) domain

and two znc binding Bboxes.CO is found to act downstream @1 as well aghe circadian

clock. The signals of GUS reportgenedriven byCO promoter are restricted to phloem cells

in LD conditions(An et al., 2004; Takada and Goto, 2003PD mRNA accumulates wlit a
diurnal rhythm and displays a biphasic pattern in one cycle. On the transcriptional level, the
increment ofCO transcripts in the late afternoaf LD is mainly controlled by G(Putterill

et al., 1995; Turck et al., 2008POF transcription factor CYING DOF FACTOR 1
(CDF1) is redundancy with CDF2, CDF3 and CDF5. When expressed each CDF in phloem
under SUC2 promoter, plants day flowering coupling with dowregulatingCO mRNA.

CDFs inhibit the increment aZO transcripts in the late afternoon. Ttdfl;2;3;5 quintuple
mutants flower early independent on the photoper@od they restore late flowerirgf gi
plants(Fornara et al., 2009)n addition, CDF1 has been suggested to directly associate with
CO promoter. The abundance of CDFs is dependent basGwvell as FKF1 (FLAVIN
BINDING, KELCH REPEAT, FBOX 1). Gl and FKF1 can form a complex which removes
the CDFs through the 26S proteome degradation patf@yara et al., 2009; Imaizumi et

al., 2005; Sawa et al., 2007)

Even thoughCO mRNA has a higlexpression level in the night when plants growSD
conditions,C protein does not accumulate in the dark. That the CO protein is unstable was
first observed when GPF signal could not be detected in the nucleus of guard cells in

darkness although @FP:CO fusion gene was expressed under the co@%8promoter. In

3
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addition, CO protein is ubiquitinated and stabilized by a proteasome inhibitor indicating that
posttranslational regulation of CO participates in determining photoperiodic flowering
(Valverde efal., 2004) Light quality also regulates CO protein stability. In LD, the red light
photoreceptor Phytochrome B (PHYB) participates in the degradation of CO in the early
morning. However, PHYA, another photoreceptor forrtat light, as well as the blugght
receptors Cryptochrome 1 and 2 (CR¥Ad CRY2) stabilize CO at the end of long days
(Valverde et al., 2004)SPA1 SUPPRESSOR OF PHY-AQ05), redundandy with SPA2,
SPA3 and SPA4 belongs to a family of Wmepeat proteinswhich suppress
photomorphogenésin darknesgLaubinger et al., 2004 SPALXCO interaction requires the
CCT domain of CO, and CO abundance increasespai;3;4 mutants.SPAs mediate the
destabilization of CO protein in the evenifigubinger et al., 2006)

FT was cloned in 1999. Genedlly FT is the main downstream target of CO, &1 is the
main activator ofFT in photoperiod pathwayKardailsky et al., 1999; Kobayashi et al.,
1999) CO likely activatesFT transcription requiring its proximal promoter, especially some

conserved seaunceqAdrian et al., 2010)

Unlike CO and FT which are specifically expressed in the phloeBi, also displays
expression in other tissue typ@d/inter et al., 2007) Independent of COGI indirectly
regulatesFT through themiRNA (miR) 172 pathway (see bew) (Mathieu et al., 2009)
Surprisingly, Gl itself seems to activakd directly in mesophyll cells by binding tBT
repressors and associating with #E proximal promoter(Sawa and Kay, 2011gnd also
other upstream regulators &fO such as FKF1 and [Fs have been reported to directly
regulateFT based on ChIP resulSong et al., 2012More evidence is needed to understand
how the transcriptional components involved in CO regulationadge involved in FT

transcription control.

In sum, the GICO-FT module contains the central factors in the flowering response to day
length in Arabidopsisinterestingly, in the SD plant rice, Os@kading date 1(Hdijld3a

are homologs of GCO-FT in Arabidopsis. The rice module activates flowering in SDs.
Under LD caditions, Hd1 repressé$d3a However, whichtype of Hd1 protein participates

in upregulatingHd3ain SD and which one repressed3ain LD remained unclegiHayama

et al., 2003; Tsuji et al., 2011)
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1.1.3 FT action in the SAM

In inductive conditionskT is transcribed in the companion cells of thimor veinsin leaves,
and FT is translocated with the assistance of FTIPZIRHERACTING PROTEIN 1) to
sieve elementgAdrian et al., 2010; Liu et al., 2012; Takada and Goto, 2088%r long
distance movenmd along the stem phloenkT is unloaded to the SANICorbesier et al.,
2007; Jaeger and Wigge, 2007; Mathieu et al., 2007; Tamaki et al., 2007)

A recent study in rice demonstrated that once entering the meristem cell cytoplasm, Hd3a
interacts with a 148-3 protein to form a complex that moves into the nucleus. After
interacting with FD in the nucleus, a ternary complex Hd3&/BAOsFD, also called
Afl or ivipean oanc tcio mp | e x 0 hefe BsAcCdirecti irderadtionrbetveedn. HA3R
and OsFD based dhe results of crystal structur€he FAC directly induces transcription of
OsMADS15 an Ortholog of AtAP1in the SAM (Taoka et al., 2011)in Arabidopsis,FT
protein could also migrate into the nuclei to form a complex with the bZIP transcription
factor FD. Even though interaction between FT and FD happened in-geabtbrid assay

that yeast 143-3 proteins may provide a scaffo{dbe et al., 2005)FT-FD protein complex is
suggested to directly activatd®1in ArabidopsigWigge et al., 2005)This proessmay also
require a 143-3 protein to form thétFAC.

In the SAM, SOC1(SUPPRESSOR OF OVEREXPRESSOR OF CONSTANS floral
identity gene operates downstream of FT and(Abe et al., 2005; Kardailsky et al., 1999;
Yoo et al., 2005)Upregulation ofSCC1 detected byn situ hybridization is supposed to be
the earliest event during the tibduced floral transitiorfBorner et al., 2000; Samach et al.,
2000; Searle et al., 2006)

1.1.4 Homologs of T

FT belongs to the phosphatidyl ethanolardomeding prdein (PEBP) gene family which is
present in all eukaryote kingdoms. PEBPs function on controlling growth and differentiation
through various signaling pathwayShautard et al., 2004)n Arabidopsis, all sSIXPEBP
genes have been shownafbectfloweringtime, and they arelassified into three clades. The
FT-like clade included=T and TWIN SISTER OF FT{TSH, the TFLZlike clade includes
TERMINAL FLOWER (TFL1), BROTHER OF FT AND TFL{BFT) and ARABIDOPSIS
THALIANA CENTRORADIALIEATC) and the MFTlike clade includesMOTHER OF FT
AND TFL1(MFT) (Karlgren et al., 2011)
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TSF, which encodes the most closely related protein to FT based on the amino acid level
comparison, plays a role as flowering pathway integrator gene and has largely overlapping
function with FT. In seedlings,TSFis mainly expressein the vascular tissue of leaves,
petioles andhypocotyl. Althoughtsf single mutants do not show obvious later flowering
phenotypes in LD or SD, a loss t#f function enhances thie flowering phenotype under

both conditiongJang et al., 2009; Yamaguchi et al., 2005)

In the TFL1-like clade TFL1 is specifically expressed in the SAM where it acts as a
repressor of floweringIn the inflorescence meristempresence ofTFL1 inhibits the
formation of a florameristem Mutants oftfl1 flower early with a terminal flower phenotype
which is similar to the phenotype 85S::FTplants(Kardailsky et al., 1999; Kobayashi et al.,
1999) Likely, a single amino acid change on Flly( 85 changed to Hignd TFL1 His 88
changed to Tyr)could reprogram either protein functioasthe other ondHanzawa et al.,
2005) Based on theesults ofcrystal structurea divergent external threstmensional loop
of segment B on exon four may characterize the antagonistic activilly afidF TFL1(Ahn et
al., 2006) In sugar beettwo paralogs of T, BvFT1landBvFT2 are both expressed in leaves
and have antagonistic functions in determining flowering and grdvtRT 1transcription is
promoted in SD conditions in autumn and inhibitedry winter, whereaBvFT2is induced

in LD conditions in spring. Three d#rent amino acids in the segmentRich forns a loop
cortaining a 14 amino acid stretdetermine the reveed function of BvFT1 and BVvFT2.
BvFT2was found to act as a Hike gere andBvFT1was a TFL1like gene although overall
proteins belong to the Flike clade(Pin and Nilsson, 2012; Pin et al., 2010)

The TFLElike geneBFT has a redundant function wilFL1, becausén tfl1 backgroundft
mutant plants enhance the terminatiphenotype of the primary inflore=mace(Yoo et al.,
2010) MFT is a single copy gene of the MHike clade in Arabidopsis. Constitutive
expression oMFT slightly accelerates flowering in LD, bétor tfll mutant phenotypes do

not change when combinedtkva reduced activity dfIFT (Yoo et al., 2004)

1.2 Transcriptional regulation of FT

Expression of-T is highly regulated on the transcriptional level by several independent or
interdependent inputs (Figure 1). The complex integration of many reguhetvprks aFT
ensures that plants flower at the optimal moment by adapting to the environmentabosndit

and internal cues.
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1.2.1 General background on the transcription machinery

In eukaryotes, the transcription machinery contains three -guitponen parts: i)
transcripton preinitiation complex (PIC),ii) cofactors and iii) activators. The PIC is
assembld by RNA Polymerase Il (RNAPIIgeneral transcription factors (GTFs) and a core

promoter(Thomas and Chiang, 2006)

RNAPII, as the crucial cataig enzyme of the PIC, is responsible for the transcription of
proteincoding genes in eukaryotes. Yeast and human RNAPII both contain 12 subunits
(Young, 1991). In yeast and humdaFlIlA, TFIB, TFIID, TFIE, TFIIF, TFIIH have been
isolated as5TFs(Hahn,2004; Thomas and Chiang, 2006)

TATA box binding protein (TBP), a constituent of TFIID, bindsTTATA(A/T)A(A/T)(A/G)
sequences25nt to-30nt upstream of thtranscription start site (TSS +1nt). The initiation
sequence surrounding the TS2nt to +5m) and downstream promoter sequence (DPS)
around+7nt to +30nt downstream of the TSS are associated Tfks (TBP Associated
Factors) which also belong TFIIDs. Because all those proteins bimdDNA elements at
core promoterthere is a basal level afanscrigion at core promotefThomas and Chiang,
2006) Transcriptionalactivation acts by increasing the efficiency of PIC assembly and

transcription initiation(Roeder, 2005)

Cofactors serve as a bridge, linking the PIC and transcriptional activa@ioes.class of
cofactors assemble a complex calf@dediaton. This complex was first characterized in
yeast and found to comprise 20 subu(isn et al., 1994) Accumulating evidence suggests

that RNAPII, GTFs and other regulatory factors are not rectuite individual gene
promoters, but form fAtranscr i ptrnuckear fotiarat or i
that genes associate with these factories for transcrifidelman and Fraser, 2012)he

concep of transcription factories magasily expain coexpression of two distant genes

localized on thesame or different chromosomes.

1.2.2Characterization of the FT promoter

Limitations in detectindg=T transcript byin situ hybridization, requirghe application ob-
glucuronidase(GUS) gene, driven by 8.9 kBT promoter, to elucidate the spatial and
temporal mMRNA signal ofFT (Takada and Goto, 20Q3Promotertruncation results
demonstratdahat the 5.7 kb sequea upstream of th&T translation start codon contains

sufficient regulatory elements to mediate spatial and temporal expressibm of LD
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conditions. In addition, 4 kT promoter sequence or shorter failed to di&dSin the
phloem of leaves in wildype (WT) and 35S::CO plants. Furthermore, these promoter
constructs combined with a cDNA BiT could not rescue the late flowering phenotypét of
mutants(Adrian et al., 2010)In sum, a 1.7 kb (from 4 kb to 5.7 kb) promoter region is
necessary foFT transcription in leaves. fAree phylogenetically conserved blocks named
Block C, Band A are identified on the distal, middle and proxinf@l promoter region
respectively (Figure 1). In the background of 5.7Hdbpromoter, mutagenesis of conserved
subblocksof 6 nt to 16 nt, such @&1/P2andS2 in Block Astrongly reducéT transcription
(Adrian et al., 2010)Block A(~ 300bp) contains thET 5" UTR and conservesequences
corresponding to the minimal promoter and consensus binding sites for several known
transcription factorg§Adrian et al., 2010; Castillejo and Pelaz, 2008; Kumar et al., 2012;
Tiwari et al., 2010)The functions oBlock BandBlock Care largely unknownlIn addition,

it is still unknown how these three conserved blocks communicatesadth other.

The FT promoter provides a platform of natural variation for flowering time in Arabidopsis.
Based on the two Arabidopsis accessions;1Esnd Col0, one flowering timeQuantitative
Trait Locus(QTL) mapsregion up to 6.7kb upstream of th& TSS(Schwartz et al., 2009)
Another independent group analyzed WBlzand Col0 to find one QTL localized at a 9 kb
intergenic region betweeRT and its neighboring gen€AS1(Strange et al., 2011y aken
together, a total of seven independent experimeittsnine differentA. thalianaaccessions
have been describedhere flowering time QTLs majp FT locus(Schwartz et al., 2009)

Photoperlod] [t Ambient ] [Autonomous [Vernallzatlon] [ Aging ]
emperature
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—
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»,’ ]5kb x
| I
TEM
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Figure 1. Schematic network of transcription regulation of FT.



1. Introduction

Transcription of FT is regulated by different flowering time pathways and their core components. In
the photoperiod pathway, the main activator CO may directly bind to the proximal promoter FT. CO
interacts with members of the NF-YB and NF-YC families to form a trimetric complex that participates
in the photoperiod-dependent regulation of FT. In the low ambient temperature and autonomous
pathway, SVP represses FT through association with CArG-boxes in the upstream promoter. In the
vernalization pathway, FLC binds preferentially to the first intron of FT, which contains a CArG-box.
FT repression by FLC partially depends on SVP. In the aging pathway, SMZ as direct target of
mMiR172 represses FT. SMZ binds to a region downstream of the 3° UTR. TEML1 represses FT and
associates with sequences found at the 5° UTR. PIF4 activated FT expression and binds to the
5'UTR region.in the high ambient temperature. The epigenetic repressor LHP1 binds to a large
regions spanning the promoter and gene body of FT (Dashed line represents the low abundance of
LHP1 binding to FT).

1.2.3 Adivators and repressorsof FT

Several key components dlowering time pathways have been described as upstream

activators or repressors BT (Figure 1).

CO and NFY factors: In LD conditions, diurnal rhythmic patterns &T transcript
accumulation fit wi with the temporal abundance of CO protein. TherefBfiemRNA has

a major peak appearing before darkness, and it also shows a minor peak in the morning
(Corbesier et al., 2007; Turck et al., 2008)

In LD, CO-mediated activation d¥T requires the 5.7 kBT promoter andt has been shown
that CO directly associates with tR&@ proximal promoterin vitro, CO binds toTGTG(N2
3)AT(G)motifs present withiBlock A (Adrian et al., 2010Tiwari et al., 2019 Furthermore,

in a recent ChIP expenient with lines expression@O tagged HAunder the control of the
CaMV 35romoter, enrichment d¥T proximal promoter was shown, although the relative
enrichment signals were comparatively 1(8ong et al., 2012} uther studies are required
to fully characterize the binding signals of COBhand the structural impact of bindinng

Vivo.

In transient expression assays, reporter gene signals driven by 1kb andFb.@gikdmoter
sequence show similar promoter activitiyresponse to presence of ¢&drian et al., 2010;
Tiwari et al., 2010)However,in planta, CO completely fails to driveéT when fused to only
1 kb or 4 kbFT promoter sequencehich suggestshat FT transcriptionis influenced by

chromatin backgroun@Adrian et al., 2010)

CO interacts with Nuclear Factor YB and YC NB and NF-YC; also called HEME
ACTIVATOR PROTEIN 3 (HAP3) and HAPS5) to assemble a trimetric compiextro and
in planta NFYAs contain a domain with sequences homology to CCT donmateips, such
as CO, CGLike protein and TOCIWenkel et al., 2006)n general, the NFYB and NFYC

form a dimer followed by interacting with N¥A to produce a trimetric complex. The

9
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resulting NFYA/-YB/-YC trimer is capable of binding t6CAATmotifs with high affinity
and participates in transcription activati¢Bi et al., 1997; Mantovani, 1999)n yeas, a
DNA-binding trimer of HAP2/HAP3/HAB requires association of subunit HAP4 to provide
the activation function to the whole compl@dcNabb and Pimt, 2005) In Arabidopsis,
overexpression of NFFA delays flowering, so CO may replaces of-MR position to form

a complex with NFYB and NFYC (Wenkel et al., 2006)

NF-YB and-YC, both contain histonfold domains (HFDs) form a dimer which mimics the
H2A/H2B core histone dimer. In addition, the trimetric -MFcomplex binds to a 25 nt
stretch including oneCCAAT motif from the HSP70 promoter. Interestingly, during
transcription initiation NFYB is ubiquitinated at Lys138, similar to H2B, which is meno
ubiqutinated on Lys120(Nardini et al., 2013) These observations indicate that-MF
conplexes could replace nucleosona¢some loci containinGCAATmotifs.

In contrast to the single copies for N/A, -YB, -YC inyeastand mammals, there are 10 NF
YAs, 13 NFYBs, and 13 NFYCs homologs in Arabidopsis. Moreover, all N8 show
variable expression in root, cotyledons, young seedling and flov@&dsS driven by
promoters ofNF-YAZ2,-YA6 and -YB2, -YB3, -YB12 shows phloemspecific expression in
leaves FurthermoreNF-YC3,-YC4 or-YC9 promoters fused tGUSappeaistrong signa in
the phloem and other celpes of leavegKumimoto et al., 2010; Siefers et al., 2009)LD,
nf-yc3;4;9triple mutants delay flowerm and overexpression of CO can fully accelerte
flowering in nf-yc3;4;9 triple mutants. All three subunits of NFC interact with NFYB2
andNF-YB3 in vitro. The results suggestat CO requires N C to activate-T.

CIB1 and PIF4: CRYPTOCHROMEINTERACTING BASIC-HELIX-LOOP-HELIX 1
(CIB1) interacts wih CRY2 ina blue lightdependent manner. CIBidssocigeswith the FT
TSS region and the second intron in ChIP assay, and pror@®R&2-dependent floral
transition(Liu et al., 2008) In high red light environment, active PHYB directly interacts
with a bHLH domain transcription factor PHYTOCHROMBTERACTING FACTOR 4
(PIF4), which leads to the ubiquitproteasome degradation of PIF4. When PHYB is
inactive, accumulation of PIF4 allows shemeidance genes expressi@igmm and Kumar,
2010. In response tdiigh ambient temperature in SIPIF4 directly activatesflowering

dependent on the sequences found in the 5" UTRR ¢Kumar et al., 2012)

FLC and SVP: The MADSdomain transcription factor FLOWERING LOCUS C (FLC),

whose levels decrease gradually duriregnalization(Sheldon et al., 200Q)represse$T
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presumably by binding to @ArG-box in the first intron in leaveél.ee et al., 2007)In low
ambienttemperature, another MAD&main factor, SHORT VEGETATIVE PHASE (SVP),
represse&T by binding to a 2 klvegion upstream of theT promoter. FLC and SVP might
form a complex and it seems that they can collectively but also individually réprésset
al., 2008 In addition, SVP and FLC also directly repress another floral integia@t1in
the SAM(Li et al., 2008; Searle et al., 2006

TEM1 and SMZ: TEMPRANILLO1 (TEM1), is a RAVfamily AP2like protein that
counteracts the C@nediated activation ofT. It directly binds to thé=T 5" UTR in vivo.
TEM1 promoter drivingGUS expression illustrateshat the &pression levels ofTEM1
decrease gradually when the plant ages. EurffEM1 expression domains diraited to the
distal part of the leaf in older planf€astillejo and Pelaz, 2008} has been speculated, that
FT expression domains expanding to thajon veins during aging could partially be due to
the reduction of TEML1.

In the aging pathwaymiR156targetsSQUAMOSA BINDING PROTEIN LIKE 9 (SPL#)d
SPL1Q which are positive regulators ofiR172(Wang et al., 2009; Wu et al., 2008P2-

like transcrigion factors such as SCHLAFMUETZE (SMZ), SCHNARCHZAPFEN (SNZ2),
TARGET OF EAT 1 (TOE1l), TOE2 and TOE3 are downstream targetwilRfl72.By
geneic interaction, SMZ and SNZ ashown to represBT and ChlRPchip data of SMZ show
binding occurringapproximatey 1.5 kb downstream of theT coding region. Interestingly,
TEML1is also in the binding target list of SMZ, potentially connecting the two independent
agerelated repressors &fT (Mathieu et al.,, 2009)Accumulation ofmiR156is gradually
reduced with agig and results in increment wiR172(Wang et al., 2009; Wu et al., 2009)

1.2.4Polycomb repressive complexes

A nucleosome consists of 147 BINA and a histone (H) octamer including two copies each
of core Histone 2A (H2A), H2B, H3 and H4. Two nucleogssmare connected by linker DNA
and may be further compacted by the binding of Histone 1 (HWyd@djacenhucleosomes
(Bhasin et al., 2006)n eukaryotic nuclei, mcleosomes form thieindamental repeating units
of chromatin.Eukaryotic gene transcripin requires an open chromatin structure. Therefore,
histone modification presents an important layer for controlling transcrigiompared to

Anakedo DNA in prokaryot e definitadyu&teamingd iyitac ger
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chromatinmodificatiors. Dynamic of nucleosome appears to affect all steps of transcription

from PIC formation, activators recruitment to elongafioiret al., 2007)

Tri-methylated lysine of the amirterminal tail of H3 at position 27 (H3K37me3) is a
repressivehistonemodificaion mark and a large number of Arabidopsis genes (~15%) are
marked by H3K27me8Turck et al., 2007; Zhang et al., 20078veral key floral transition
genes, such aBLC, FT and AG are enriched with H3K27me@-arrona et al., 2008)n
Drosophila melanogster;, H3K27me3 is deposited by Polyconftepressive G@mplex 2
(PRC2). The PRC2 includes four core components: the -d&faTain histone
methyltransferaseEnhancer of ZestdE(Z)) in association withSuppressor of Zeste
(SU(Z2)12) and the WD4domain proteingxtra sex combgESC) andMulticopy suppressor

of Ira (MSI) (Schwartz and Pirrotta, 2007n Arabidopsis, each subunit with the exception
of ESChas a small clade of homologue gend&DEA (MEA), CURLY LEAF(CLF) and
SWINGER(SWN are homologs ofe(Z) mettyltransferasegene (Farrona et al., 2008)
Mutants ofclf exhibit curled rosette leaves, earlier flowering and pleiotropic morphology
phenotypegGoodrich et al., 1997H3K27me3 abundance is dramatically reduced orrihe
gene body and its promoter aif mutants.GUS expression driven by thET promoter is
enhanced in the phloem cells of leaveslirgrown in LD and SD, but not detected in other
cell types. The GUS signal is also restricted to veins in cotyledari§fn double mutants.
With aging, these double mutasitdevelopsto a callus that lack fferentiated phloem. It
suggest that PRC2 can regulate the transcription levelsTobut not alter or control its

tissuespecific expressiofFarrona et al., 2011)

In Arabidopsisthe distribution olLIKE HETEROCHROMATIN PROTEINI(LHP1) shows
a high overlap with the distribution of H3K27mgBRurck et al., 2007; Zhang et al., 2007b)
Mutants oflhpl, also calledterminal flower 2(tfl2), flower early and exhibit a terminal
flower phenotype in LD and S[Kotake et al.,, 2003)GUS expression data suggeshat
expression ofCO and FT are restricted to the phloem of leaves. A translational fusion
between the genomicHP1 region andGUS (gLHP1:GUS expressestrongly in the major
veins of the proximal leaf, ich is opposite to the minor veins of the distal .Iéafaddition,
expression oL HP1is notin aphloemspecific mannerThus, LHP1 acts antagonistically to
CO onFT transcription(Takada and Goto, 2003As mentioned above, 4 KBT promoter
sequence igot able to driveaGUSexpression in Wbr 35S::CObadground, however, GUS
signal areobserved in the major veins Ibfpl mutants. @romatin structure changes ned

by H3K27me3 and LHP1 negatively regul&€ transcription However, when induction of

12



1. Introduction

CO by treating35S::CO:GRplants by Dex, H3K27me3 and LHP1l abundance do not
significantly change (Adrian et al., 201D How to explain that théT expression levels
increased whout removing the repressorgould reason that the change of H3K27me3 or
LHP1 occurs in the phloem nuclei but not the whole plants with activatien. of

Chromatin plays important role for gene expressionFDrhocus, how could the conserved
blocks especially the distBllock CandBlock Ain the proximal promoter communicatethv

each other? We need the tools to measure their positions in chromatin background.

1.3Chromosome conformation capture anccell sorting

Chromatin loop occurs when two genome loci physically interact with each other and they
are closer than the intendag sequencesChromatin confirmation capture (3C) and its

further developments are powerful tineds to detect chromatin logfructurein vivo.

1.3.1 3C to measure chromatin interaction

In eukaryotes, chromatin is nwandomly organized and compacteaittie nucleus by many
folds. This condensation provides a big challenge for transcription of chromosomal DNA
(Gondor et al., 2008)Transcriptional activation and repression involve interactions with
long-range regulatory elements, such as enhancers ataioss. The model of looping
structures to explore such interactions between remistlements and promoters has been
raised since more than twenty ye&f®lhuis et al., 2002)Notably, in 2002, Dekker and
colleagues invented the 3C technoloddased @ 3C method,a chromosomal looping
structureis discovereaxperimentally in yeagDekker et al., 200283C is a powerful method

to directly study the chromatin interaction structure between two genomic loci, for example
enhancepromoter looping. In thpast ten years, 3C has been widely applied in yeast, animal
cells, and a few cases have been reported in plants.

In yeast, a gene loop persisting on tBAL10l ocus i s associated wi
memoryo defined as ¢e n efdleving aagydedf actieation andv a t i
repression(Laine et al., 2009)In mammals, theKit gene is one example during early
erythropoiesis. There is a loop formed between a 1idpktrearrenhancer and its proximal
promoter region to indudeit gene expressn. HoweverKit gene is silenced in mature cells,

while the positive enhanc@romoter loop is replaced by another loop formed by a 58 kb
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downstrearrGATAelement and promoter. That means different conformations of chromatin
structure determin&Kit g e n eranscription (Jing et al., 2008) Another representative
example of looping structure is provided by the lgtdbin genes, which contain a cluster of
DNase | hypersensitive sites. One hypersensitive region localized ~100 kb upstream of gene,
mediates lag-range interactions with the proximal promoter as well as several otier
elements on different chromosomes to regulate-gpetain gene transcription (Xu et al.,
2010). In addition, looping conformation of prometerminator suggests a cenelix mocel

for the topology of active ribosomal RNARNA) genes vi ewed as f
(Denissov et al., 2011)

In the plant field, the first case of lomgnge looping has been reported in maize.@hgene

has two ellelesB-1 andB'. A heptarepeat remn localized ~100 kb upstream of promoter
could physically interact with the transcription iation region, and the loops asbown to

be tissue specifitLouwers et al., 2009)n Arabidopsis, at th€LC locus, 5" and 3' flanking
regions are involvedia loop formation. This loop structure is disrupted in the early stage of

vernalization treatment, but independenEbtC expression levelCrevillen et al., 2013)

Compared Arabidopsis to yeast, theio of their genome size is 10 times, and the ratio
gene number is 6 ti mes. Bhattn Arabidapaiswtisa signdéan o me
number of geneghttp://users.rcn.com/jkimball.ma.ultranet/BiologyPages/@Giibee Sizep

Therefore, chromatin organization in Yeastay help studying and understanding the
chromatin looping structure irrabidopsis. In Yeast, 3C followed by ligation product
enrichment globally mapped loffgnge interactions, which revealed thatngme
organization significantly links to transcriptional regulation andexpression of genes

during the cell cycl¢Tanizawa et al., 2010)

1.3.2Chromosome organizationin the nucleus

3C is used to measure chromosome interactions between the inégriest and any other
genome loci on a limited locusorfeversussome) Its derived technology 4C (circular
chromosome conformation capture) has been adopted to identify the interacting regions to the
H19 imprinting control region during maturation of endmmic stem cells dneversusall)

(Zhao et al., 2006)Hi-C asan extension version of 3C is capable of detecting long range

interactions in an unbiased, genemigle fashion(all-versusall). Hi-C has been widely used
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in yeast and mammalian cells farodeling the organizationof chromosome (van Berkum
et al., 2010)

To investigate the complexity of human chromosomes based-@nkthod at a resolution

of 1 Megabase, a new model calléfdactal globul® éstblislked anddistinct from the
commonly usediglobular equilibriund model. The new 3D model indicatése function of
maximally dense packing to prevent easy folding and unfolding at any genomic locus
(LiebermanrAiden et al., 2009) Based on high resolution ¥& map, local chromatin
interaction domainst e r me d Aftopol ogi cal domai nsan ( TD
Megabase scale. These domains correlate with regions that constrain the spread of
heterochromatin, and are stable across different cell types and conserved across species
(Dixon et al., 2012)Recently, HiC was carried out imtmorcland atmorc6 mutants, the

whole genomic interactiomap revealed that pericentromeric heterochromaticotelensed

as well as the interaction of penteomeric regions increasklutantsof atmorcl/6cause de
represson of DNA-methylated genes and transposable elembuatsno losses of DNA
methylationsor histone methylatian(Moissiard et al., 2012)Due to the low resolutionf

Hi-C map in Arabidopsis, it could be difficult to see th® structureidentified in

mammalan cellsor smaltdistance interactions

In yeast and animal studies of 3C andGiresearchers commonly samplagle cell types.
However, plant tissue consists of different¢gfles and it is not easy to separate single types
of cells. Thus, it is alwallenge to get pure and enough cells of interest for chromatin structure

study in plants

1.3.3 Cellhuclei sorting methods

Several methods for purifying cells of one tissue/the same type have been developed such as
fluorescenceactivated cell sorting (&CS), laser capture microdissection (LCM) and the
methods of cultured cell lines. FACS and LCM are widely used for mRNA expression and
histone modification profilesn vivo (Deal and Henikoff, 2010)In maize, LCMmediated
isolation of epidermal cells omscular tissues from-&m-thick sections of coleoptiles were

used for differential gene expression by microarf(iyakazono et al., 2003By FACS,
transgenicplants with cell-specificpromotes fused to GFP were created to isolate five
individual types of cellsrom rootsfor mRNA expression analysi@irnbaum et al., 2003)

However, loth LCM and FACStechniques require expensive sorting machinery and careful
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operation, but their yieldsf isolated specific cells atenited. Recently, a new method called
INTACT (isolation ofnudei tagged in specificcell types) was applied in Arabidopsis and
Caenorhabditis. elegar(®eal and Henikoff, 2010; Steiner et al., 2Q12)

The INTACT system needs a cell/tisssggecific promoter to drive an engineern@ticlear
targeting fusion (NTF) proten. NTF protein is composed of three pattee WPP domain of
ArabidopsisRAN GTPase ACTIVATING PROTEIN Ivhich targets the fusion protein to
the nuclear envelop&FP for visualzation and the btin ligase recognition peptidghich
serves as a substrdte the Escherichiacoli biotin ligase BirA.BirA is constitutivelydriven
by the ACT2 promoter, and biotinylates NTF in every cell type of interBsutin-labeled
nuclei are purified with magnetic streptavidioated beadéDeal and Henikoff, 2010Deal
and Henikoff 2011) In plants and animals, INTACT methods are usedolate pure cell
types ofinterest for gene expssion, ChIP and other studies.
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2. Aim of this study

Previous studies demonstrated that it is critical to corifokranscription in response to
environmental changes and endogenous cues. AtTthromoter, a 1.7 kb sequence region
between 4 kb and 5.7 kb upstream of the transcriptionsstai$ necessary fdFT expression

in response to day length. Conser®dck Cis localized at that 1.7 kb region.

The aim of my study was to unravel the function of conseBledk Cby identifying novel
cis-regulatory elements required for the response to inductive long day conditions. A central
guestion of this work was hoBlock Cinteracts with the proximal promoter to drivd
expression. To characterize the communication between the regions and demonstrate a
physical interaction between the regulatory regions, genetic experiments as well as new tool
3C were carried out. In addih, to discriminate the chromatin states such as the repressive
mark H3K27me3 at thET promoter in phloem compared to the other tissues, the new sorting
method INATCT was used in this study.
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3 Materials and Methods

Plants growth and floweling time measurement

Seeds were sterilized by 75@thanol for 5 min followedy 100% ethanol for 5 miurtes
(min). Sowthe seedon GM mediasupplemented by 1% esrose. After stratification at°C

for 3 days, plants were grown in climate chambers & 22 LDs (16 hours light/8 hours
dark, 70% light), or SDs (16 hours light/8 hours dark, 70% light). The startingfigrewth

is regarded as-@ay-old. During collectingsamples, ZEITGEBER TIME (ZT) 16 was in the
light before switching to darkness and ZT \#4s in the dark before switching back to light
condition. For measuring flowering time or collecting plant dasgrown on soil, seeds
were sowed on soil artdeated in 4C room for 3 days. After that, move the soil pots to the
climate chambers or normgfeenhouses. Under LDs or SDs, total rosette leaves and cauline

leaves were countdd estimate the flowering time.
Bacterial transformation

Compeent cells of DH5a or DB3.1 were taken out fre®d°C freezer andkept on ice fos

min until they thawed. Adglasmids, ligation products BP/LR products into the comgeit

cells, mix a bit and leave the tube on ice for 15 miext, the mixture was treatedZi°C for

100 seconds (sec) followday on ice for 2 min. After adding 800ul L&ultureliquid, shake

at 200rpm in 37C chamber for 1 hour. Finally, spread the transformed cells on the LB media
with antibiotics, and leave the plate-dpwn in 37C chamber overnight. Forlextronic
transformation of agrobacterianix the plasmid DNA and compaett cells wellin the
transformation tube and carry out the electronic shock using the transformation apparatus
(Bio-Rad). After adding 800ul YEB culture liquid, shake at 20t at28°C chamber for 2

houss. Finally, spread the transformed cells on the YEB media witbiatits, and leave the

plate updown in 28C chamber overnight.
Floral dip and transgenic plant selection

For Arabidopsis, agrobacteriumediated transformation was carried out according to the
floral dip methodAfter collecting the T1 seeds, they wesawved on the Basta soil tray and
selected by spraying with 250 mg/L glufosinate (BASTA-3 times. T2 seeds were sowed
on GM plate with PPRntibioticto test the 3:1 segregatioh3 seeds can be confied as the
homozygous or heterozygous genotygaeordng the segregationm2 or T3 plants are used

for flowering time measurement.
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Genomic DNA isolation

Isolation methods of plant genomic DNA was according to CTAB methodDaxeasy
Plant Kit (Qiagen). DNA was dissolved with d@.

Total RNA isolation

Plant ptal RNA was isolated by usirigNeasy Plant Mini KifQiagen). All the stuffs in the

whole procedure should be avoided of RNease contamination.
cDNA synthesis and eversetranscription PCR (RT-PCR)

Total RNAs were treated by DNase | (Ambion) for 2 hourtovang by inactivating the
DNase I. in order to get liner RNA, 5 pg RNAs was heated up € & 5 min. During
reverse transcription reaction, mix the RNAs with reaction buffer, ANTPg dlid8 and
transcriptase. Then the reaction was happened ‘@ ## 3 hours, and the transcriptase
activity was quenched by 85 10 min. The synthesizecDNA can be diluted in 1:32 pl
cDNA was used for gPCR. gPCR reaction included cDNA, 1 pl primers (10 mM), 5 ul
SYBR Green Master Mix (ABI) and gl dH.0.

Alternatively, while using EVA Green dye reagent (Biotium)2a pl PCR reaction, it
included 2 ul cDNA, 1pl primer A anB (10 mM each), 0.2 iBrown Tag (homemade), 1 pul
20x Eva green, 0.4 ul dNTPs (1@M), 1 pl 20x basic buffer (200xasic buffer stock
contaned 0.8 M KCI, 0.2 MTris and 0.05 M MgG) and 14.4 pl dHO. 10 pl or 20 plgPCR

was performed by Bi®Rad or Roche redime apparatus respectively.
Plasmid and cloning procedure

To conduct the bombardment assa83ieck Cand 17kbregionwere amplifiedwith TaKaRa
ExX™ Tag DNA polymerase by primers FT5.7kbFW350/FTiplockC_RE and
FT5.7kbFW350/FT1.7kb_REespectively and3.1kbFTp::FTcDNAPpGREEN (from Turck
group was used asthe PCR template. To generatatry clonesof that promoter, PCR
products were introducechto pDONR207 vector (Invitrogen) through BP reactiord
GATEWAY method LR reactions were carried out using t8&/ NOSminGreenLUC
(provided by Samson Simon, MPIPAs destination vectopCR®2.1-TOPJ (Invitrogen)
was used to do-A cloning according tohe kit protocolsBAC clone F5114 was amplifiesh
SW102 cells is 109.590 kb long and contains the Rl locus includng intergenic

sequences.
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GUS histochemical staining

Young seedlings were incubated in 90% Acetone on ice for 30 min, rinsed with 50mM
sodium phosphate buffer and incubated &C3% GUS staining solution (0.5 mg/ml-&luc,

50mM sodium phosphate buffer, 0.5 mM potassium ferrocyanide, 0.5 mM potassium
ferricyanide, 0.1% Triton XL00). After overnight incubation, samples were washed with
50mM sodium phosphate buffer for 30 min and 70% ethanol several times until leaves turned

white. The GUS staining was visualized and photographddruamstereomicroscope (Leica).
Bombardment

30 pg gold particles were prepared for every 10 bombardmemsilyFi70% ethanol was
used to wash the gold particles. Then getlsanol was spun down and washed three times

with sterile water. Finally the gold particles were suspended in 500 pl of 50% sterile glycerol.

In each bombardment, 15 pug DNA in total wasdusecluding 5 pg35S::RedLUGJAN 5

pg Block Cor 1.7 kb FTp::GreenLUGREENand 5 pug35S::gCOpBKSor pBKSempty

vector. The DNA was mixed with 50 ul prepared gold beads, 50 pl 2.5M,Ga@R0 pl

0.1M spermidine. After two washes with ethanol, the B§Ad mix was suspended in 50 pl
100% ethanol which can be used for two independent bombardmetfisns Arabidopsis
leaves were transformed by the BiolisYicParticle Delivery System (BMRAD, PDS
1000/HE). After 1224 hours incubation of the samplesnM luciferin was sprayed on the
leaves and after one minute the emitted light was immediately measured with the help of a
cooled CCDcamera adapted with optical filters to detect ReC and GreerAlUC
independently. The ratios of GreenLUC/RedLUC signasewcalculated with the help of the

excel macro ChromaUC™ Calculator version 1.0 (Promega).
Western blot

Collect ~100mg plant sample, and grindtd fine powder. Add 10@1 hot Laemmli buffer,
mix immediately and heat for 15 min at 95100°C. After centrifuging at 13,000 rpm for 5
min, load 1020 pl protein per lane onto SEFFAGE gel (4%stackinguppergel and 12%
lower gel). After éectrophoresis for 90 min at 200Wrotein waselectio-transferred fron gel
to PVDF membrane for 60 min at 100V #?C room Incubate membrane in tH#ocking
buffer TBS-T with 5% milk for 1 hour at room temperatui&ash three times for 5 mimith
15 ml of TBST. Incubde membrane and primagntibodies(at the appropriate dilution) in
10 ml TBST with gentle agitation overnight &@°C. Remove the primary antibodiesd

wash three times for 20 miwith 15 ml of TBST. Incubate membrane withppropriate
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HRP-conjugated secondary antibedglwith gentle agitation for 1 hour at room temperature.
Wash three times for 20 min with 15 ml of THS After wash once for 20 min with 15 ml of

TBS, cetect protein signal with ECL Kkit.
Chromatin Inmunoprecipitation (ChlP)

Seedlings from soil or GM ples were tarvested in 1BS buffer with 1% formaldehyde

After twice of vacuum 5 min and release 5 min in a vacuum hood, 0.1 M glycine was used
for quenching FA. Then grind samples to fine powder in liquideXtract nuclei and get rid

of debris through 70 um artD um nylonmesh.Sonication othe chromatirwas carriedn a
Bioruptor filled with HO and a few floating ice. Spin 15 min at full speed at 4°C and transfer
the supernatant to a new tube. For inmunopietipn of proteinDNA complex add the
specfic antibodyand incubate in soft agitation in a rotator overnight in the cold room. Then,
add protein A or G beads to each sample and continue incubating on rotat@ ouds in

the cold room. Next, use magnet to attract the beads and discard the saopeasa the
beads with High salt buffer, low salt buffer, LiCl buffer and TE buffer in sequence. Finally,
elute the inmunoprecipitated chromatin from beads and add proteinase K to digest protein at
65°C following by extract free DNA by ethanol prg¢ation.

Chromosome Conformation Capture (3C)

3C procedure in Arabidopsis was carried astshown in Figure 2L0-day-seedlings were
collected from GM plates or soil and the total weight is around@Grgsslink the seedlings

in 1x PBS with 1%formaldehyle The vacuum procedure was as same as ChIP method.
After isolating intact nuclei in Nuclei isolation (NIB) buffer, nuclei were filtered through two
layers of nylon meshes (70 um and 40 um) following by twice of spinning down and washing
in 1 ml NIB buffer. Tte purified nuclewere resuspended in 500 ul 1.2%EB-buffer 4 with

a final concentration 0d.15%SDS which functions as destroying the nuclei membrane and
loosening the compacted nuclei. Shake at 900 rpm for 60 mirf@t 8Y order to sequester
SDS, ad 125 pl 10% TritorX100 to a final concentration of 2% in a final 625 ul volume.
Shake at 900 rpm for 60 min at°8 Next, 50 pl of 500 U restriction endonucleaselNla

(10 U/ul) and 10 pl 10>NEB-buffer 4 were used for digesting the chromatin DNA imal
volume of ~700 pl for 18 h at 200 rpm at°87 To inactivate NIdI enzyme, 70 ul 10% SDS

in a final concentrationf 1% was used and incubate for 10 min &3 o0 establish ligation
reaction, 700 ul 18 T4 DNA ligation buffer, 700 pl 10% Triton 200 and 4.8 ml dkD

were added to the ~800 pl digested nuclei and the final whole volume was up to 7ml. SDS
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was diluted into 0.1%. Incubate at°&/for 1lhour to sequester SDS. Ligation reaction was
carried out by adding 400 U TANA ligase (100 Udl) for 5 h at 18C following by 45 min
at room temperature. Bosslink was treated with 40 pul 5 mg/ml Proteinase K (PK) over
night at 68C. At last, after purifying 3C ligation products by phendilozoform: isoamy
alcohol (2524:1), DNA was precipitated ethahmethod and the interaction frequency was

measured by gPCR.

SDs \ r SDs O

Crosslink & Digestion Ligation
oC g /
D oacc 7 I\~ AN

\ Digestion Ligation
efficiency efficiency

primer:

i i | | juljssoss-aq

qPCR

Interaction frequency

Genomic distance

Figure 2. 3C procedure.

Crosslink plant materials and isolate nuclei. Chromatin DNA is digested by restriction enzyme
followed by intramolecular ligation. De-crosslink protein and purify DNA. Set 3C primers in one
direction and measure interaction frequencies between fixed and any other fragments by gqPCR.
Digestion and ligation efficiencies are the critical quality controls after digestion and ligation steps
respectively. Treatment with 37°C or 65°C before digestion is used to loosen chromatin.

Isolation of Nuclei Tagged in Specific Cellypes(INTACT)

Collect 35 g fresh seedling€rosslink the seedlings 1x NPB with 1% brmaldehydeand
vacuum as shown in ChIP. (Note: whitve isolated nuei will be used for gene expression
analysis, skip théormaldehydecrosslink step Grid seedlings to fine powder anittefr the
suspension nuclei through the M and 40eM cell strainer. Spin down the n&tland
gently resuspend the pellet in 1 ml HJoeld NPBd. Wash M80 streptavidircoated
Dynabeads with NPB and add it to each sample with 2B&ads. Rotate the 1.5 ml tubes for
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30-60 min at 4C room. Transfel ml nuclei mixed with Dynabeads to 15 ml tube, and add 9

ml ice-cold NPBt buffer. Nuclei sorting column was set up in cold room. The 10 ml nuclei
bef ore sorti ng 0mueleianddtha hucle dondédNititlo beads which were
attracted by the mage t wer e ©aucléi er dortgd meclkeahd the nuclei which

fl owed through t he c-thioughhmucleiv Balease theabeeselsinucdesin A f |
1 ml NPBt. Spin down the beads nuclei and resuspend the pellegin@oScold NPB. The

sorted nuclei can be used ffRT-PCR or ChlIP assays.

Experimental instruments and regents

DNA purification kit: Qiagen

RNA purification kit: Qiagen

cDNA synthesis kit: Fermentas

i QE SY@den Supermix: BIGRAD

SubMicron gold particles: BIGRAD

Eva green dyig (20%: Biotium

Luciferin: 50mM in stock

Proteinase K (PK): 5mg/ml in stock

RNase A: 10 mg/mL in stock

MG-132 proteasome irithitor: Calbiochem

Complete protease cocktail tablets: Roche

Protease inhibitor cocktails: Sigma

70 um and 40 pnCell strainer filterBD Fal con E
MACS Magnet: Miltenyi biotec

IQ5 Realtime cycler: BieRAD

384-well Reattime cycle: Roche

PDS1000/HEBiolistic™ Paticle Delivery System: BidRAD
Stereemicroscope: Lica

Confocal microscopy: Lica
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Enzymes

DNase I: Ambion

Gateway cloning enzynsdéor BP and LR reaction: Invitrogen

T4 DNA ligase: NEB

Tag DNA ligase: NEB

Tag DNA polymease: NEB

Nlalll restriction endonuclease: NEB

Vectors

pCR’2.1-TOPJ": Invitrogen, for cloning

pGEMT: Promega, for 7A cloning.

pDONR201pDONR207 Invitrogen, forGatewayBP reaction to create entry clone
35S::REALUGpJAN for Bombardment.

pBKS for cloningand Bombardment

GW_GreenLUGpGREEN inserting promoter with Gateway fooBibardment.

GW_FTcDNApGREEN and GW_GUSpGREEN for GatewayLR reaction to insert the
promoter ahead dfT or GUSgene.

GW_NOSmIn::FTcDNAGREEN and GW_NOSmin::GU$GREEN for Gateway LR

reaction to insert promoter fusedN@®@Sminimal promoter

GW_NTFpBlue after LR reactionwith Kanamycin resistance in bacterial and plant. This
vector was replaced of Basta gene WNtRTII on the vector o6W _NTFpGREEN

Antibiotics

Antibioticname Abbreviation Final concentration (ug/L)
Ampicillin Amp 100

Carbenicillin Carb 100

Gentamycin Gent 10

Tetracyline Tet 10
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Rifampicin Rif
Spectinomycin Spec
Kanamycin Kan
Phosphinothricin PPT

100

100

50

12

Bacteria and yeast

The Escheridia oli (E. coli) strain for cloning and amplification of plasmid DNA are:

DH5@ homemade component cells

DB3.1 homemade component cells for Gateway plasmid carrgiig gene.

GV3101 Ago-bacterium with helper plasmigSOUPfor amplifying pGREENdestination

vector.

TransgenicPlants

Plant name Description Background
ft-10 T-DNAinsertion Col-0
5.7kbFTp::FTcDNA T-DNAinsertion ft-10
4.0kbFTp::FTcDNA T-DNAiInsertion ft-10
5.2kbFTp::FTcDNA T-DNAinsertion ft-10
5.7kbFTpS1mut-TcDNA T-DNAinsertion ft-10
5.7KbFTpS2mut::FTcDNA T-DNAinsertion ft-10
5.7KbFTpS3mut::FTcDNA T-DNAinsertion ft-10
5.7kbFTpS4mut::FTcDNA T-DNAinsertion ft-10
5.7kbFTpCCAATbox1m::FTcDNA T-DNAinsertion ft-10
5.7KbFTpCCAATbox2m::FTcDNA T-DNAinsertion ft-10
5.7KbFTpCCAATbox8m::FTcDNA T-DNAinsertion ft-10
5.7kbFTpCCAATbox1+8m::FTcDNA  T-DNAinsertion ft-10
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dMp::FTcDNA
C+A::FTcDNA
C+1kb::FTcDNA
C+NOSmin::FTcDNA
5.7kbFTp:GUS
4.0kbFTp::GUS
5.2kbFTp::GUS
dMp::GUS

C+A:GUS
C+1kb::GUS
C+NOSmin::GUS
35S::CO

co-sail

ACT2::BirA
35S::NTF/ACT2::BirA
CmGAS1:NTF/ACT2::BirA
SUC2::NTF/ACT2::BirA

GL2:NTF/ACT2::BirA

T-DNAinsertion
T-DNAiInsertion
T-DNAiInsertion
T-DNAinsertion
T-DNAinsertion
T-DNAiInsertion
T-DNAiInsertion
T-DNAinsertion
T-DNAinsertion
T-DNAiInsertion
T-DNAiInsertion
T-DNAinsertion
T-DNAinsertion
T-DNAinsertion
T-DNAiInsertion
T-DNAiInsertion
T-DNAinsertion

T-DNAinsertion

ft-10

ft-10

ft-10

ft-10

Col-0
Col-0
Col-0
Col-0
Col-0
Col-0
Col-0
Col-0
Col-0
Col-0
Col-0
Col-0
Col-0

Col-0

Oligonucleotides

FT5.7kb_fw_350

FTproblockC_RE

TOPO_Kan_FW

TOPO_Kan_RE

GGGGACAAGTTTGTACAAAAAAGCAGGCT

CATTTGCTGAACAAAAATCT

GGGGACCACTTTGTACAAGAAAGCTGGGT

AAACGTTTGGAAATAGGAAGTATG

TGAATGAACTGCAGGACGAG

ATACTTTCTCGGCAGGAGCA
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3C_Pril

3C_Pri2

3C_Pri3

3C_Pri4

3C_Pri5

3C_Pri6

3C_Pri7

3C_Pri8

3C_Pri9

3C_Pril0

3C_Prill

3C_Pril2

3C_Prifix
PCR3_FW
PCR3_RE

PCR5 FW
PCR5_RE
PCR6_FW
PCR6_RE
PCR14_FW
PCR14_RE
AT1g13320Md_FW
AT19g13320Mid_RE
AT19g13320End_FW
AT1g13320End_RE

PCR3_FW

CGCCACTCAAGTTTTGGAGA

TCCCAAAAAGGTGATAAGA

GATAGCTTCATACTAAATAATGCGTTT

AAAGGATTGGATGAGTGCAAA

TACGGTTTTCTCAGGGCAAT

CAACGAGATTTGGGGTTAAGG

CATATTATTTGAGAAGTCGCAATTTT

CCTCATCCACTTGCCAATCT

CGGGGAAACCTTCTCAAAG

GTGGCGGACAATCATCTAT

CATAATATGGCCGCTTGTTT

GGTGGAGAAGACCTCAGGAA

CGACCCGAGTTAATGCAAAT

CAAAAACGTGAGACGCAAAA

TCTGCAACTTAGATTCGCAAAA

CTGCGACTGCGACCTATTTT

GCCACTGTTCTACACGTCCA

TTCCTTTATTTTCCAGTTTGGAG

TTGCACGACCAGGATAATTG

AACTTCGTCCATCGCAAAAA

GGGAAAATCAACGACCCTT

GCAACCATATAACGCACACG

GCTCTTGGGAAATTGTTGGA

GGGAGAGCATACCATCTTGC

CGGAGCCAACTAGGTAAGCA

CAAAAACGTGAGACGCAAAA
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PCR3_RE
PCR5_FW

PCR5_RE

PCR6_FW

PCR6_RE

PCR14_FW

PCR14 RE
BlockC_overlapARE1
BlockA overlapC_FW
BlockC_overlaplkbRE2
1kbp_overlpC_FW

1kbFTpGW-RE

FT_cDNA_RT FW
FT_cDNA_RT_RE
5.7kb_blockCS1mutFW
5.7kb_blockCS1mut_RE
5.7kb_blockCS2mutFW
5.7kb_blockCS2mut_RE
5.7kb_blockCS3muEwW
5.7kb_blockCS3mut_RE

5.7kb_blockCS4muEW

5.7kb_blockCS4mutRE

5.7kb_CCAATbox1mFW

TCTGCAACTTAGATTCGCAAAA
CTGCGACTGCGACCTATTTT
GCCACTGTTCTACACGTCCA
TTCCTTTATTTTCCAGTTTGGACAG
TTGCACGACCAGGATAATTG
AACTTCGTCCATCGCAAAAA
GGGAAAATCAACGACCCTT
GTACCGCCAAAAACGTTTGGAAATAGGAAGTATG
TTCCAAACGTTTTTGGCGGTACCCTACTTTTT
CAAATACGCAAAACGTTTGGAAATAGGAAGTATG
TTCCAAACGTTTTGCGTATTTGAGTTCGGACA

GGGGACCACTTTGTACAAGAAAGCTGGGTCTTTGATC
GAACAAACAGGT

GGTGGAGAAGACCTCAGGAA
ACCCTGGTGCATACACTGTT
AATGCTCGAGGGCTTGTTGTTAAAGATAATGAGATC
AAGCCCTCGAGCATTATTCTTGATAAACTTCA
CTCGCACGCATGTGATGATAGTGAAGTGAGAC
TCACATGCGTGCGAGTCATACTCTCTCAATAATGTG
GTCGCGTTCCTGTCGACATCTTGGCCAACATTAGA
CGACAGGAACGCGACTCAACGTATCTATCTTCATAC

TAACCACTGCTCCTCATCGGAACTAAAGGATTGGATG!
TGCA

GTTCCGATGAGGAGCAGTGGTTACAAGATGTCTCACT
ACTAT

CATAAAGGCGGTTATGAGTGCAAAGTATCGAGACG
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5.7kb_CCAATboxIm_RE GCACTCATACCGCCTTTATGGAATCTTCTTC
5.7kb_CCAATbox2m_FW ACAAAACGGTTATTGACACATATCTCTTAT
5.7kb_CCAATbox2m_RE TCAATAACCGTTTTGTCAATTGATTTAGTTG
5.7kb_CCAATbox8m_FW CGGACCGGTTTAGGTATGGACGATGAAAAT
5.7kb_CCAATbox8m_RE ACCTAAACCGGTCCGAACTCAAATACGCAA
pHISi_gain3.5kfw_Ncol CCCQACCATGGTATATGAGTAAACTTGGTCTGACAG
pHIS_gain3.5kre_Notl CCCGOGCGGCCGCTCACAGTTCTCCGCAAGAATTGATT
5.7k_gain3.5kbfw_Ncol CCCCCCATGGATGTGTGTTAAGTCTTATAAAGTTA

5,7k_gain3.5kbre_Notl CCCGGCGGCCGCATCTGCAATTAAATAATATAAACCA

oligo_dT18 TTTTTTTTTTTTTTTITT
T-DNA _LB_RE ACCGGCATGCAAGCTGATAA
T-DNA_RB_FW GCTTCCTCGCTCACTGACTC
Recipes

50x TAE buffer 1 L

2429 Tris base

57.1mL glacid acetic acid
100mL 500mM EDTA (pH 8.0)

Add H20 up to the final volume 1 liter

10xPBS 1L

80 g NaCl

2 g KCI

14.4 g Na2HPO4
2.4 g KH2PO4

Dissolve into 800 ml ddH20, Adjust pHto 7.4
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Add ddH20 up to 1000 nandautoclave

10x TBS (concentrated TrisBuffered Saline) 1 L

24 g Tris base

88 g NaCl

Dissolve in 900 ml distilled water, pH to 7.6 with HCI

Add distilled water to a final volume of 1 liter

1x TBS-T

50 mM Tris

150 mM NacCl
0.05% Tween 20

Adjust pH with HCl to pH 7.6

2x Laemmli Buffer 10ml
1.2ml 1 M Tris (pH 6.8)

2.0 ml Glycerol

4.0 ml 10% SDS

0.2 ml 1% Bromophenol Blue

2.6 ml dHO

12% Gel 10 ml

3 ml 40% Acrylamide/Bis (29:1)
2.5ml 1.5 M Tris (pH 8.8)

4.3 ml ddH20

100 pl 10% SDS
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100 pl 10% APS

10 ul TEMED

4% Stacking Gel 5 ml

0.5 ml 40% Acrylamide/Bis (29:1)
1.25 ml 0.5 M Tris (pH 6.8)

3.2 ml ddH20

50 pl 10% SDS

50 pl 10% APS

5 pl TEMED

1x NPB

20 mM MOPS (pH 7)

40 mM NacCl

90 mM KCI

2 mM EDTA

0.5 mM EGTA

Sterilize NPBby filtering and stock the buffet 4£C
Before use add

0.5 mM spermidine

0.2 mM spermine

1x complete protease inhibitors

NPBd and NPBt
NPB containing Z2g/ml DAPI and

NPB containing 0.1% Triton 2400respectively
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4. Results

4.1 An evolutionary consewed distal enhancer is required for

expression in leaves

FT

4.1.1FT driven by 5.2kb promoter fails to compliment late flowering offt mutant

Regulation of FT transcription level isthe result of convergence dfeveral crittal
components such as CO, Fla@d SVP(Figure 1) Becausd=T mRNA level is too low to be
detected efficiently by RNAn situ hybridization, ar8.9kb FT promoter 8.9kbFTyp fused to

GUS was cloned in a previous study to mifRicexpressior{Takada and Goto, 20Q3)

A -5kb

-1

C A
5.7kb

5.2kb

C+NOSmin R

4.0%
3.5%
o 3.0%
2
-
T 25%
<
S 2.0%
-
c
S 15%
2
[G]
1.0%
0
NOSmin::GreenLUC C+NOSmin::GreenLUC
D
15 LD Cauline leaves  m Rosette leaves
pe0.01 b b
40 b e ..
=L
35 I
« 30
]
£
£ 25
2
- 20
L)
= 15 a
10 -
5 -
0 - T T T
Col #120 #144 J-10

5.2kbFTp::FTcDNA/ft-10

FT/PP2A

11

0.9
0.8
0.7
0.6
05
0.4
03
0.2

0.1 +

—]

5.2kbFTp::GUS/Col

4#1 9#1

7 e
T {5

‘.l .j h\ ‘_;,__»/’
Eile -
N
/ \ === Col
/ \\ 5. 2kbFTp::FT
cDNA/ft-10
/ \ _#120
/ \ ——5.2kbFTp::FT
DNA/ft-10
/ \ f#144

ZTO ZT4 ZT8 ZT12 ZT16 ZT 20 ZT 24

Figure 3. Block C as a distal enhancer is necessary for FT expression.
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(A). Schematic representation of FT promoter with full length 5.7 kb, 5.2 kb missing Block C and
C+NOSmin (Block C fused to NOS minimal promoter). The position of nucleotide A of the translation
start codon was termed -1. The 5.7 kb upstream promoter sequence was marked -5kb.

(B). Block C fused to NOSmin drives reporter gene GreenLUC expression in transient leaf
bombardment assays. 35S::RedLUC co-bombarded with promoter::GreenLUC was used as the
internal control. Values represent mean relative signal + SE. The asterisk (*) indicates statistically
significant differences relative to the control NOSmin::GreenLUC. Statistical significance was
determinedusi ng t he -tStt(px@E)Nt 6s t

(C). Histochemical localization of GUS activity in the first true leaves of 5.7kbFTp::GUS,
4.0kbFTp::GUS and two independent 5.2kbFTp::GUS transgenic lines. Transgenic plants in Col-0
background were collected at ZT 16 after growth for 10 LDs on GM media in a climate chamber. Bar
represents 1 mm for all samples.

(D). In LD conditions, flowering time of ft-10 plants carrying stable T-DNA insertions of a
5.2kbFTp::FTcDNA. Two independent transgenic lines were shown as line #120 and #144. Col-0 and

ft-10 were tested as controls. Number of rosette and cauline leaves of a representative experiment

are shown as mean + SE. Statistical significance was determinedu si ng t he -tSt(prd@Ent 6 s
Significant differences are indicated by different letters above the bars.

(E). Quantitative PCR of FT transcripts in ft-10 seedlings carrying the 5.2kbFTp::FTcDNA construct.
Seedlings were harvested from ZT 0 to ZT 24 on day 10 in LD conditions, and plants were grown on
GM media in the climate chamber. Values represent relative fold of FT to PP2A mRNA levels.

Recently,based on prowoter truncation analysis, it was shown thab.@ kb FT promoter
(5.7kbFTpP named as the full length promoter BT containsa sufficient amount ofcis-
regulatory elementto initiate FT expresionin LD. In addition, the studindicated that the
regionlocated4.0-5.7 kb upstream othe translation start codon (TS@uld harbor critical
regulatory sequences. ghylogeneticshadowing approach identifiedcanservedegion5.2-

5.6kb upstream othe FT promoter, which was designatedBleck C(Adrian et al., 2010)

To test the possibility thalock Cmay act as distal enhancefor FT expressionBlock C

was cloned and fused tthe minimal promoterof the Nopaline Synthase (NOS gene
(NOSmin (Figure3A). NOSminhas a legth of 10%t (-101 to +4, TSS asl) andincludesa
TATAbox anda CAATbox. NOSminhas no capability of activating reporter gene expression
by itself but can be used to monitor the effect of positti®regulatory elements o
transcription(Puente et al., 1996)n transientbombardment assayNOSminfusedto the
reporter gendsreenLUCshowed very low background levels of expression compared to a
co-bombarded RedLUC reference expressed under the control @fak&/ 35Spromder
(<1%). WhenBlock Cwas fused upstream &fOSmin the relative signal reached up to 3%
(Figure 3B).The results suggest thBtock Chas an enhancing effect on the expression of the

reporter gene at least in transiassays

To answer the question whet Block Calso functions as an enhanderstably transformed
plants,a’5.2kb FT promoter §.2kbFTp which lacks oBlock Cwas fused t@ GUSreporter
gene 5.2kbFTp::GU$ or anFT cDNA (5.2kbFTp::FTcDNA andtransferred into Ced and
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ft-10 mutant plats respectively.Histochemical GUS assayshowed that no signalvas
observed in the first true leaf of two independent transgenic linekibFTp::GUSol. As
shown in a previous studya 4.0kbFTp::GU® ol line showed no signal but
5.7kbFTp::GUR ol plant showedGUS signal in theminor veins of the distal part of leaf
(Figure3C) (Adrian et al., 2010)In thecomplementation assafy;10 plants grown irLD did
not significantly change flowering time when transformed witie 5.2kbFTp::FTcDNA
construct (Figure 3D). To check whetherFT mRNA leves match the phenotype of
5.2kbFTp::FTcDNAt-10 transgenic plant&s T mRNA was measured frortwo independent
lines eery four hours from ZT 0 to ZT 24 on day 10 after germinati/trZT 12 and Z1L6,
when FT expresion was highest in Cdl controls,FT mRNA levels were notletectablan
line #120and#144 which fits well with theirflowering timesimilar to that of ft-10 plants
(Figure3E).

Taken together, in LPthe distal sequences &lock Care necessary to cqiement late
flowering phenotype offt-10 mutant plants.Block C not only pomotes reporter gene
expression in transient assaysut also functions as a distal enhancer requiredFbr
expression in response to long dayplanta

4.1.2Conservedsequenesin Block Care essential for promoter function

Block Cis around 380bp long and largely conserved across the genera Arabidopsis, Arabis
Capsellaand Brassican the Brassicaceae familfpersonal communication with George
Coupland for thd=T sequencén A. Alping Until now, nofunctionalcis-elements haveeen
characterizedn this conserved regioandnone ofthe known transfactorsof FT regulation

have been reported to associatth sequences iBlock C Severalputativemotives that have

been chareterized as transcription factor bindisges in different context are present in
Block C (Adrian et al.,, 2010)Phylogenetic analysis identified several hygenserved
sequences called siocks.To access theis regulatory function of the candidagéements

in Block G mutagenesief subbblocksin the context of the full length promoter was carried

out.

Among theconserved sublocks four varying between-83 bp in length were chosen
Mutagenesigxchangd all Gwith T and Awith C residues andice versa Eachsubblock

was independentlymutagenizedin the background othe 5.7kbFTp (Figure 4A). Next,

34



4. Results

5.7kbFTpS#¥mut::FTcDNA constructs were transferred intit-10 plants to test the

complementation
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Figure 4. Conserved sub-blocks in Block C are required for FT expression.

(A). Sequence alignment of Block C. Schematic representation of FT promoter shows position of
Blocks C and A. The sub-blocks S1, S2, S3 and S4 are marked in the alignment of related sequences
from five Brassicaceae species. Two accessions of Col-0 and Ler are chosen from A. thaliana. Their

original and mutagenized sequences are shown in capital and minor letters respectively.
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4. Results

(B). Flowering time of ft-10 plants carrying constructs to drive FTcDNA by 5.7kbFTp containing
mutagenized sub-blocks S1mut, S2mut, S3mut or S4mut. Four independent transgenic lines are
shown for each mutagenized construct Flowering time was measured in T2 plants in this experiment,

and the presence of the transgene was confirmed by PCR. Col-0, ft-10 and two independent
5.7kbpFTp::FTcDNA/ft-10 lines were tested as controls. Number of rosette and cauline leaves are
shown as the mean + SE. Statistical significance was determinedusi ng t he -tSt(prd@Ent 6 s
Significant differences are indicated by different letters above the bars.

Unexpectedly, all four sublocks had strong effexbn the fulllengthpromoter function. In
detail, subblock S3 seemed to have the strongest effsatcethree of four independent
transgenic. 7kbFTpSAut::FTcDNA(Tt-10 lines flowered as late af$-10. According to their
complementation efficiencynutations inS1and S4also dramatically influenced full length
promoter function. Four independent5.7kbFTpSewu::FTcDNA/ft-10 lines flowered
intermediately between GOl andft-10 controls, indicating that the effect & was not as
strong aghat of the other three stdidocks (Figure 4B

Taken together, conserved shilocksin Block Cplay important rolein controllingthe distal
enhancer function to driieéT expression under LPbonditions

4.2 mpact of CCAAT boxes onFT expression

Block Ccontains motives such as &bhox, a REalphaelementand aCCAATbox but their
role in transcription regulation has not yet been characte(izddan et al., 2010) The
CCAATbox is conserve@nd locatectlose to sukblock S4in Block C(Figure4A and5A).
CCAAT boxes are confirmedinding sites for NFY complexes in yeast and animals
(Mantovani, 1999)In Arabidopsis, trimeric NFY complexes were shown to bind @®CAAT
boxes inin vitro EMSA assays(Calvenzani et al., 2012Binding of NFY complex to
CCAATboxesin plantahas not gt been demonstrated in plants.

Eight CCAAT boxes were founavithin 5.7kbFTpand numbered sequentially according to
their positiors (Figure 5A). Among thes€CCAATboxes, box 1 is 5295 bp and box 8 is 868
bp upstream ofhe TSS Box 1 localizes aBlock Cand box 8 is close to the proximal
promoter, but outside dlock A Box 27 distribute in the -4 kb region from the TSS and
the closest distance between two bagek91 bp between box 6 and bokFigure5A).

To access the roles GICAATbox1 inBlock Cas well as other boxes playing on full length

promoter, mutagenesis oCCAAT boxes 1, 2 and in the background of5.7kbFTpwas

36



4. Results

carried out Box2 is positioned 385Hp upstream of the TS3n this study, CCAAT is
mutagenized t&d ACCG andATTGGis mutagenizetb CGGTT.

Figure 5. Mutagenesis of CCAAT boxes at the full length FT promoter.

(A). Schematic representation of the position of CCAAT boxes on the FT promoter. Eight CCAAT
boxes were identified on 5.7kbFTp. They were named as CCAATbox1-8 from the most upstream to
the most proximal to the TSS (left to right).

(B) and (C). Flowering time of ft-10 plants expressing 5.7kbFTp::FTcDNA constructs with
mutagenesis of CCAATmbox1, CCAATmbox2, CCAATmMbox8, or CCAATmbox1+8. Col-0, ft-10 and
5.7kbFTp::FTcDNA/ft-10 were tested as control. Number of rosette and cauline leaves of a
representative experiment are shown as the mean + SE. Statistical significance was determined using
t he St utdst(p<0.601sin B and p<0.0001 in C). Significant differences are indicated by different
letters above the bars. B and C are two independent experiments in the greenhouse.

(D). gRT-PCR analysis of FT expression in two independent lines of ft-10 seedlings carrying
5.7kbFTpCCAATmMbox1::FTcDNA constructs (#107 and #117). Seedlings were harvested at ZT 16 on
day 8, 10 and 12 after germination in LD, and plants were grown on GM media in the climate
chamber. Values represent relative quantitative mean £ SD of FT mRNA normalized by PP2A mRNA.
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