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Abstract

Isolation and Molecular Genetic Analysis of Brassinosteroid

Signaling Mutants in Arabidopsis

Giri Raj Tripathi

Advisor: Prof. Cheong Hyeonsookl, Ph. D.
Department of Biotechnology

Graduate School of Chosun University

Plant development is one of the most important @spef plant’s life cycle
that has extensively been studied at the morphmadgigenetic and
molecular level. The generation of genetic variatitee mutants may
increase genetic pool and gives the informatiornualptant processes and
their genetic control. Activation tagging is a npawerful tool to generate
and identify new mutants, which emerged as an ratare for gene
function analysis. This thesis reports the studyom@ssinosteroid hormone
signaling mutants that controls the plant growthl alevelopment using
mutants generated by an activation tagging-basedoaph in the model

plantArabidopsis thaliana.

Brassinosteroids (BRs) are polyhydroxylated stepdgsht hormones that
play essential role in growth and development. ant defective in BR
signaling causes dwarfism, male sterility, abnorradcular development
and photomorphogenesis. Unlike animal steroid hoesp BRs are
perceived at the plasma membrane by direct binthnthe extracellular
domain of the BRI1 receptor S/T kinase. BR peraoapinitiates a
signaling cascade, acting through a GS3 kinase,2Bihd the BSU1
phosphatase, which in turn modulates the phospdtiogl state and
stability of the nuclear transcription factors BEES1 BZR1.



An activation tagging library harboring 10,000 ;)XFindependent
Arabidopsis transformants were generated and a pool system was
established in order to screen brassinosteroid twoensignaling defective
mutants. At the time of activation tagging libragtablishment a total of
150 mutants that are defective in normal phenotypee also screened in
F1 generation. Brassinasteroid related mutants wemeesed using
brassinazole a specific brassinosteroid biosyrgh@shibitor. In dark,
brassinazole treatetrabidopsis develop as light grown plants and express
light regulated genes, as do BR-deficient mutait®tal of 46 putative to
brassinazole insensitive mutant were isolated tkhbwed longer
hypocotyls among the germinated seeds on brz & ddir the mutants
were identified T-DNA insertion by using TAIL-PCRdapter Ligation
PCR Walking, plasmid rescue and IPCR. In this sgrepatbrzil and

abz126 brassinszole insensitive mutants were taken fostiingy.

atbrzil has T-DNA insertion into the promoter region ofnge
At1g12380. In the brassinazole, hypocotyl lengfiirzi1 is nearly doubled
than wild-type. ATBRZI1gene is located in the acrocentric region of the
chromosome 1 and its homology gene At1g62870 iatémtthe opposite
acrocentric region of the same chromosome. Botlegbave characteristic
of Zinc finger BED-type motif located at the N-temal region. In this
study we predicted that the HLH (helix-loop-heltype structure of BED-
type zinc finger motif may bind the dephosphoryllatBES1 and then
involve in brassinosteroid hormone signaling in teepective way. Yet,
research on role of zinc finger is not reported.wieer, our further
ongoing experimental results may show the involvenoé Znf BED-type
motif in brassinosteroid hormone signaling by bngdidephosphorylated
BZR1 in the nucleus.



abz126 is a semi-insensitive to the brassinazole and aNEDas been
inserted into the ninth exon of the GIGANTEA (G8ng that is involved in
control of flowering time. Loss of function in Gjene makes extremely
delaying in flowering inArabidopsis. Results of screen on brz, RT-PCR,
different hormone dose response assay presumedtiggne is involved

in brassinosteroid hormone signaling and regulagdlowering time.
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Abstract

Brassinosteroids (BRs) are plant steroid hormohes play essential
role in growth and development. The mutant defeciiv BR signaling
causes dwarfism, male sterility, abnormal vascdéelopment and photo-
morphogenesis. Plants, like animals use steroithbioes to regulate their
development through changes in the expression rgkttagenes. In this
study, a brassinazole insensitive mutattirzil was isolated from the
activation taggedirabidopsis and dissects ATBRZI1 by molecular genetic
analysis for its possible involvement in brassiaostl signaling.
Brassinosteroids (BRs) signal through plasma menebl@calized receptor
kinase to regulate plant growth and developments BRe perceived at the
plasma membrane by direct binding to the extralzlldomain of the BRI1
receptor S/T kinase and initiates a signaling adescacting through a GS3
kinase, BIN2, and the BSUl phosphatase, which in taodulates the
phosphorylation state and stability of the nucteanscription factors BES1
and BZR1.

atbrzil mutant was identified by using TAIL-PCR and theuléng
phenotype is caused by T-DNA insertion into thenpoter region of the
gene At1gl12380. ATBRZIls located in the acrocentric region of the
chromosome 1 and has Zinc finger BED-type motiftte N-terminal
region of the gene. N-terminal region of ATBRZIlaiso characterized by
proline rich region. The predicted Zinc finger niaif the ATBRZI1 gene
has HLH (helix-loop-helix) type structure that came bind the
dephosphorylated BES1 and then involve in brastnoisi hormone
signaling in the respective way. The BR responemeht (BRRE) with the
sequence CGTG(T/C)G was predicted near the Znf fmathere
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BZR1could bindCPD promoter via this motif. Having both signaling and
biosynthetic motif, it is interesting to know whethBES1 and BZR1
involve synergistically or not in BR signaling. Yeesearch on role of zinc
finger in brassinosteroid signaling is quite unkmowWlore, the presence of
same two Znf motif in acrocentric region of the saohromosome made
interesting to know the function of this gene mdtibwever, the RNAi and
other further ongoing experimental evidences mayw@rthe role of Znf
BED-type in brassinosteroid signaling.



Introduction

Al.1. Activation tagging

The availability of complete genome sequencérabidopsis broadened
the research activities on functional genomicslanpsciences. Out of the
26,000 genes identified iArabidopsis the function of only few thousands
have been defined with great confidence (BoucheaudBez 2001) and
more than 30% of the predicted genes could notsbay@ed any specific
function (AGI 2000). Mutant screen and analysisthe first step for

elucidation of the function of gene in plant.

In the past, loss-of-function mutations have beeeduto identify the
function of genes irabidopsis. Genetic redundancy sometimes prevents
elucidation of gene function by loss-of-function papaches. Loss-of-
function mutants have faced limitations, e.g., eneg of functional gene
redundancy caused by extensive genome duplica{@$ 2000; Bouche
& Bouchez 2001). Thus, alternative approaches rneemde developed to
overcome this drawback. Gain-of-function mutatienan approach that

they may compensate for this type of genetic rednog

One of them is the generation of gain-of-functioatagenesis, in which
a gene is either ectopically or constitutively @mgressed. Although in
such a case a particular gene is not expressets inormal biological
context, it may provide information about biolodipaocess, in which the
gene plays an important role. Activation taggingaisgain—of-function
mutagenesis approach and it was first describeddantify and isolate

novel genes from tobacco (Walden et al. 1994),oalgh it had been
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previously reported witim vitro experiments to activate auxin-related plant
genes (Hayashi et al. 1992). Since then, it has ea&tensively improved
by the establishment of large collectionsdo@bidopsis lines (Kardailsky et
al. 1999; Borevitz et al. 2000; van der Graaff et2000; Weigel et al.
2000; Marsch-Martinez et al. 2002; Nakazawa et2@D3). The system
used for these collections are based on quadrGaMV35S enhancer
sequences as activator elements, either with T-DdAtransposon as
insertional vehicles (Weigel et al. 2000; Marschriheez et al. 2002).

Insertional mutagenesis has been widely used fonimd genes,
promoters, enhancers and other regulatory sequenmes Arabidopsis.
Activation tagging is based on strong transcriggloenhancer sequences
that can activate gene expression in the vicinitthe site where enhancer
was inserted into the genome. The most commonly @s#ancer is a
quadruple combination of the cauliflower mosaiausifCaMV) 35S gene
enhancer in the proximal part of the right bordef-®NA carrying vector
(Weigel et al. 2000). These &S enhancer element have been reported to
strongly enhance endogenous gene expression thtuerecotypically or
constitutively overexpressed gene (Neff et al. 198t der Graaff et al.
2000).

This is tempting technique to isolate new mutanta random approach
and analyze in more detail the overexpressed gereactivation tagging
method has also been used as a novel approadblateisuppressor mutant
of known mutant phenotype (Mora-Garcia et al. 2004)e activation of
genes by T-DNA insertion causes dominant phenotyplge mutant
phenotype can be screen directly ingeneration after the introduction of
the T-DNAs where gain-of-function mutants behavengantly. The

frequency of morphological mutants varies dependamngthe insertion
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vehicle used, with approximately 0.1% in the catehe T-DNA-based
system, or about 1% when transposons are usedlovhisequency in the
T-DNA based activation tagging is mainly attributedthe fact that the
4x35S enhancer sequences are methylated (Chalfun-Jetiat. 2003).
New activation tagging populations are being geteeranot only in
Arabidopsis, but also in other species such as tomato (Matle¢ws 2003),
rice (Jeong et al. 2002), petunia (Zubko et al.2}0énd tobacco (Ahad,
Wolf & Nick 2003) demonstrating the strength of gystem.

In this study, an activation tagging library hailbgr10,000 independent
Arabidopsis transformants were generated in order to screzssimosteroid
hormone signaling defective mutants. Devising dgegenetic screens for
the isolation of brassinosteroid hormone signatmgants remain difficult
work, although there are ferabidopsis and rice mutants that are involved
in brassinosteroid hormone signaling have beeratisdl and studied. A
total of 46 putative brassinazole insensitive migtamere isolated in this
screening. At the same time a total of 150 mutamas were specific to

defect in morphological phenotype were also scré@&mé&; generation.

Al.2. Brassinosteroid

Steroid hormones play key roles in growth and dgwelent of
multicellular eukaryotes. Plant steroid hormoneBedaBrassinosteroids
(BRs) regulate cellular expansion, differentiati@md proliferation. BRs
are involveed in diverse process, such as stemgalmm, vascular
differentiation, male fertility, timing of senesa®n and flowering, leaf
development and resistance to biotic and abiotesst(Li, J & Chory 1997;
Clouse, Steven D. & Sasse 1998; Altmann 1999; Kdahp Zhabinskii & de

Groot 2000). BRs were so hamed because the fispoand discovered in
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this group was from the pollen dBrassica napus L. Prior to the
determination of BR structure; they were referredBieassins (Mitchell et
al. 1970) demonstrated that brassins could hawveetmdous influence on
yield, photosynthetic efficiency and seed vigovamious crop plants. These
observations lead to undertake the task of pugfyand characterizing the
active compound. In 1979, the compound was suadbsgiurified and
determined to be a steroidal lactone and was tebreskinolide (Mandava
1988). There are more than 40 free BRs and fouc&Rugates have been
found and fully characterized. Research findingggested that BRs are
ubiquitously distributed in the plant kingdom. Byaghetical pathways of
BRs and their counterparts in plants were alreatlestigated and the
major part of the biosynthesis of Bl has been distadd (Fujioka &
Sakurai 1997); based on information from extenstep-wise feeding
experiment and analysis of their bioconversion pobsl

In the beginning, the importance of BRs for theutation of plant
growth and development was not accepted like ottlassical plant
hormones like auxins, gibberellins, cytokinins,n@sates, ethylene and
abscisic acid (Kende & Zeevaart 1997). Since idieation and
characterization of BR biosynthesis and signalddastion mutants, BRs
are accepted as an essential endogenous hormohenabaimportant
physiological roles in growth and development (GiuS. D. 1996; Clouse,
S. D., Langford & McMorris 1996). A new attempt tdentify BR-
insensitive mutants ofrabidopsis resulted in the isolation of the dwarf
mutant namedril (Clouse, S. D., Langford & McMorris 1996; Szekeees
al. 1996). BRI1 has strong homology to leucine-riebeptor kinasedril
cannot be rescued by BR treatment; this is theeenxe of its essential role

in a signaling pathwaybril mutants display a light grown morphology in
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the dark, show extremely dwarfed growth in thetligind have numerous
other phenotypes, all of which are also seen iongtrBR biosynthetic
mutants (Vert et al. 2005The role of BRI1 was demonstrated by binding
studies with radiolabeled brassinolide and mitochiath fraction of wild-
type and mutant plants, as well as from transgplaiots expressing BRI1-

green fluorescent protein (GFP) fusions (Wang, Z&.e2001).

Like animals plantsuse steroid hormones to regulate their development
through changes in the expression of target gdnesontrast to animal
steroid signals, BRs are perceived by plasma mambsrbocalized receptor
kinase. This kinase is encoded by tBRI1 gene. After the plasma
membrane perception of BR, the resultant signtédes transmitted through
a chain of events that leucine-rich repeat recegtoase that spans the
outer membrane of plant cells. A number of stegbowo BR binding,
leading to inactivation of the negative regulatbB&\2. In response to BR,
BRI1 inhibits BIN2, a protein that normally attashphosphate groups to
the nuclear proteins BES1 and BZR1. These phospjratgps tag BES1
and BZR1 for rapid destruction in the proteasorhe, ¢ellular organelle
that degrades unwanted proteins. Thus, inhibitidn BoN2 activity
promotes the accumulation of BES1 and BZR1 in theleus. BES1 and
BZR1 then activate selected BR-responsive genegepréss the activity
of others including the genes that are involvedihia BR biosynthesis
pathway. He, JX et al. (2005) found that BZR1 bind®ctly to specific
sequences within théPD gene and thus represses transcription and (Yin et
al. 2005) showed that BES1 also binds directhhtotarget gene, but in this
case acts as a transcriptional activator. BES1 aaiyassociates with BIM
proteins that belong to a different family of DNAding proteins. Analysis

of plant carryingoim mutation confirmed that BIM proteins are required f
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a normal response to BR. Having 88% similaritieswkeen BES1 and
BZR1 proteins, the functions of BES1 and BZR1 aaetiglly overlaped
(Yin et al. 2005).

It is important to understand the signaling pathways because
brassinosteroids are the central for plant growtid alevelopment.
Understanding the developmental role of the phytmlomes is complex
because each phytohormone controls so many respoRsethermore,
Identification of key transcription factors conteal by brassinosteroid and
how they interact each other and with their targetes will crucial for

understanding how BRs orchestrate in plant devesopm

Al1.3. Zinc finger

Zinc is essential for normal healthy growth and repotidn of humans,
plants and animals which is known for its ability fight disease and to
protect the immune system and helps in the prewemdf stunting growth,
and supports neurobehavioral development among attrébutes (Hotz et
al. 2003). Zinc is found in all tissues of humamypavith 30-40% found in
the nucleus, 50% in the cytosol, with the remainideind in organelles,
vesicles, and the cell membrane (Tapiero & Tew 2008 involved in the
Krebs cycle and energy production. It is also daeztlivith increasing male
sex drive and potency because of its ability tail@g testosterone in the
prostate. Unique combination of structural and rtre@tynamic properties
of zinc make it ideally suited for a diverse arybiological roles. These
properties include its ready availability, Lewisdity, high concentration
of charge (atomic radii of 0.65 A lack of redox reactivity and stable

oxidation state (2+). zZn(ll) is a'¥transition metal ion that forms metal
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complexes of high thermodynamic stability that eften characterized by
facile ligand exchange (Frausto da Silva & Williag@01).

In plants, Zinc is essential micro element whidovas several key plant
physiological pathways to function normally. Thegathways have
important roles in: Photosyhthesis and sugar faomatProtein synthesis,
Fertility and seed production, Growth regulatiorefénse against disease.
Where zinc is deficient these physiological funesawill be impaired and
the health and productivity of the plants will ltbvarsely affected, resulting

in lower yields (or even crop failure) and in paogeality crop products.

The folding of small globular domains within germgulatory proteins is
required for sequence-specific DNA binding, an éwbat underlies gene
expression in all kingdoms of life (Spolar & Recdr®94). The formation
of zinc-ligand coordination bonds provides the majoving force for the
folding of these mini-domains that lack an apprel@ahydrophobic core
(Berg & Godwin 1997). Over the last two decades,eaplosion in our
knowledge of the diverse roles that the essemtaktelement zinc plays in
DNA metabolism, chromatin remodeling, transcripéibregulation, nucleic
acid packaging and ribosome biogenesis has takase gKatz & Jentoft
1989; Frausto da Silva & Williams 2001; Maret 208lencowe & Morby
2003; Fingerman et al. 2003).

Zinc binds nearly exclusively to three types of mmacid side chains in
proteins. These are cysteines, histidines, andoggidites (Asp and Glu)
with thiolate sulfurs and imidazole nitrogens by tfee most common donor
atoms. Zinc sites in proteins adopt a variety afrdmation structures that
differ in the number of ligands bound (coordinatimmmber), the type of
ligands, metal-ligand bond lengths, dihedral ligametal-ligand bond

10
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angles, and in some cases, second shell interactinadsto da Silva &

Williams 2001). The Metalloprotein Database andvi&er hosted by The
Scripps Research Institute (http://metallo.scripgs/) reveals that among
the approximately 3100 structurally characterizatt zoordination sites

deposited in the Protein Data Bank (http://www.roslypdb), the most
prominent coordination number is four (1726), thestcommon liganding

pattern tetrathiolate (C4 or S4) (484), with te@@dtal or distorted

tetrahedral coordination geometries by far the npostalent for zinc sites
classified as of April 2004 (Castagnetto et al.200

Zinc complexes in proteins perform structural, aita and regulatory
functions. Structural zinc sites typically adoptrabedral or distorted
tetrahedral coordination geometries formed by fmatein-derived ligands
with no bound water molecules. Cysteines and hisgl are by far the
preferred ligands in such sites e.g. zinc fingénsld 2001). Catalytic and
regulatory Zn(ll) sites utilize the same amino dadnds as structural sites,
but include a greater percentage of carboxylatantiy derived from
aspartate and glutamate, as well as solvent meedi$O), which are
almost always found in catalytic sites in enzymgg earbonic anhydrase
(Auld 2001). Co-catalytic sites, defined as catalymetal sites that
coordinate two metal ions via a bridging ligandésp., phosphotriesterase),
are formed by ligand sets similar to those founatatalytic sites, except
that cysteine residues that typify structural zioluster sites (e.g.,
metallothioneins) are never found as a bridgingrdyin metalloenzymes
(Auld 2001).

Structural zinc ions stabilize protein tertiaryustiure, protein-protein,
and protein-nucleic acid interfaces. The zinc dowtion bonds induce

thermal and conformational rigidity to these impottdomains of proteins

11
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much like disulfide bonds do in oxidizing environm& In the absence of
zinc, these protein domains are unfolded and erisd predominantly

random coil conformation and are presumably subgecto rapid

degradation and clearance by the cell. The mo#tirgf and seminal

illustration of how “structural zinc” stabilizesrtery structure formation in
DNA binding proteins is in zinc finger (zf) protairfKrishna, Majumdar &

Grishin 2003). Classical C2H2 (Cys2His2) zinc finggomains, which

mainly include DNA-binding proteins (they also neei protein-RNA,

protein-protein, and protein-lipid interactionseamall (~30 amino acid
residues) domains that fold around one or more @ns, and are nearly
exclusively found in eukaryotic organisms (Matthe&vSunde 2002; Jantz
et al. 2004). Recent findings reveal that canoniC2H2 zinc finger

domains in transcriptional regulatory proteins inka&yotes are not
exclusively involved in structural stability butvealso been implicated in
regulating the concentration of bio-available zimcells (Giedroc, Chen &
Apuy 2001; Bird et al. 2003).

Sub-optimal or toxic (above normal physiologicaldks) concentrations
of intracellular zinc have adverse affects on maspects of cellular
metabolism. Zinc is now known to function at teedl of transcription by
binding directly to regulatory proteins, i.e., mesensor proteins that
repress, de-repress, or activate the transcrigtiarenes that encode metal
transporters (importers/exporters) and/or metalatbies. This helps cells
maintain homeostasis, or an optimal steady-stateesuration of zinc
within the cytosol and other intracellular orgaasli(Blencowe & Morby
2003; Eide 2003).

Protein-protein and protein-nucleic acid interatsioare essential

functions of many proteins. Proteins have develatifdrent ways to bind
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other molecules. Zinc-binding repeats, known as fimgers (ZnF), are one
such molecular scaffold. Zinc finger domains aregwn, relatively small
protein motifs that fold around one or more zinnsioln addition to their
role as a DNA-binding module, ZnFs have recentigrbghown to mediate
protein: protein and protein: lipid interactionsdithews & Sunde 2002). In
the past few years detailed structural and funetidata have been reported
for several protein interactions (Table $gveral different ZnF motifs have
been characterised, and vary with regard to strectas well as binding
modes and affinities. ZnF motifs can coordinate onenore zinc atoms.
They display considerable versatility in binding des, even between
members of the same class (e.g. some bind DNA, rotipeotein),
suggesting that ZnF motifs are stable scaffoldst thave evolved
specialised functions. Zinc-binding motifs are #abtructures, and they
rarely undergo conformational changes upon bintheg target. Most ZnF
proteins contain multiple finger-like protrusiorsat make tandem contacts
with their target molecule, often recognising exieth substrates. A few of

the most common structurally defined ZnF motifs@escribed below.

Classical ZznF (C2H2): These are the most common DNA-binding
motifs found in eukaryotic transcription factorsraiiscription factors
usually contain several zinc fingers capable of imgknultiple contacts
along the DNA. Classical ZnFs comprise a short beigoin and an alpha
helix (beta/beta/alpha structure), with a zinc atoomordinated in either
Cys(2)His(2) (C2H2), Cys(2)HisCys (C2HC), or Cys)HB (CCCH)
residues (Figure 1-1A).

GATA-type ZnFs. These motifs constitute type IV ZnFs with the gexh
sequence C-X(2)-C-X(17-20)-C-X(2)-C, followed byighly basic region.
They can be subdivided into subgroups depending upe length of the
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internal loop: type IVa has a 17-residue loop (CX2ZCX2C), while type
IVb has 18-residue loop (CX2CX18CX2C). ZnF motifsthwl9 or 20-
residue loops are rare and found mainly in funghT@& factors play
essential roles in development, differentiation aadtrol of cell growth in
eukaryotes. GATA proteins often contain more thare &ZnF domain,
where one domain binds DNA and the other modulatéa binding, often

by binding other factors.

RanBP-type ZnFs: These motifs consist of two short beta hairpimes t
sandwich a single zinc atom and are related taitneribbon fold (Figure
1-1a). RanBP ZnFs domains are known to interadt witiquitin (Meyer,
Wang & Warren 2002). Recently, a structure was ntepofor the complex
formed between ubiquitin and the RanBP domain ofiAprotein with
roles that include endoplasmic-reticulum associatsfradation and
nuclear envelolope reassembly (Tsai, Ye & RapopodR).

A20-type ZnF motifs: These motifs bind a single zinc atom (Figure 1-1A
and were first identified in protein A20 (OpipaBpguski & Dixit 1990).
These motifs are known to bind to ubiquitin, bubtawt a different region

of ubiquitin from RanBP ZnF motifs (Penengo et28106).

LIM-type ZnF motifs: LIM domains coordinate one or more zinc atoms,
and are named after the three proteins (LIN-11, ésld MEC-3) in which
they were first found. They comprise two sequergiat-binding motifs
that resemble GATA-like ZnFs (Figure 1-1B), howewvitre residues
holding the zinc atom(s) are variable: Cysteinestidine, Aspartate and
Glutamate residues are all known to be involvedint coordination and
the loops between zinc ligands differ in length dkaas & Beckerle 2004).

LIM domains are involved in proteins with differirfgnctions, including
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gene expression, and cytoskeleton organisationdawdlopment. Protein
containing LIM ZnF domains include the adaptor pmotPINCH (Xu et al.
2005).

MYND-type ZnF motifs: MYND domains coordinate two zinc atoms in a
sequential manner (Figure 1-1b), but they are smdtlan LIM domains
(~40 residues versus ~55 residues for LIM domaamsg) are named after
the three proteins (Myeloid translocation protejmN@rvy, and DEAF-1) in
which they were first found. They consist of twa@binding motifs, the
first containing a short beta-hairpin, while the@sd consists of two short
alpha-helices. Like LIM motif, MYND motifs functioprimarily as protein
binding domains and are present mainly in transongpl regulators
(Ansieau & Leutz 2002). No structural informatianavailable on MYND-
mediated interactions, although a few MYND motiécagnize a Pro-X-
Leu-X-Pro (PXLXP) motif in their partner protein.rd®eins containing
MYND ZnF domains include the transcriptional conegsor protein BS69
(Ansieau & Leutz 2002).

Ring-type ZnF motifs: RING [really interesting new gene](Lovering et al
1993) domains coordinate two zinc atoms. Protemtaning RING ZnF
domains include KAP-1, PML, and several E3 ubiquligases (catalyse
final step of protein ubiquitination pathway).

PHD-type ZnF matifs: PHD domains coordinate two zinc atoms, and are
named after the class of proteins (plant homeodonaiwhich it was first
recognized (Schindler, Beckmann & Cashmore 199BHiI3 ZnF domains
differ from RING-type domains in containing a hightonserved Trp
residue involved in the hydrophobic core; thisdasiis exposed to solvent
in RING-type ZnF domains. Protein containing PHDOFZtomains include
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Ing2 (inhibitor of growth protein 2), BPTF, Pygopy8/nt signalling
pathway), WSTF transcription factor, and Datfl (feassociated

transcription factor 1).

TAZ-type ZnF motifs. TAZ (transcriptional adaptor zinc-binding)
domains seems to exist only in the transcriptiauactivator CBp, where
two ZnF motifs form a distinct fold that is unreddtto other ZnFs (Ponting
et al. 1996): namely, three zinc atom is preserd ifmiangular structure,
where each zinc atom is present in a loop regidwéd®n two antiparallel
alpha helices (Figure 1-1DProtein containing TAZ ZnF domains include

CBP acetyltranscferase.

BED-type ZnF: The BED finger which was named after the Drosophila
proteins BEAF and DREF, is found in one or moreiespn cellular
regulatory factors and transposases from plantsnads and fungi. The
BED finger is an about 50 to 60 amino acid residimsain that contains a
characteristic motif with two highly conserved amtio positions, as well
as a shared pattern of cysteines and histidindgsigharedicted to form a
zinc finger. As diverse BED fingers are able todbiDNA, it has been
suggested that DNA-binding is the general functioih this domain
(Aravind 2000). Some proteins known to contain eDB&#omain include
animal, plant and fungi AC1 and Hobo-like transgesaCaenorhabditis
elegans Dpy-20 protein, a predicted cuticular gene traipsional regulator;
Drosophila BEAF (boundary element-associated factthrought to be
involved in chromatin insulation; Drosophila DRER, transcriptional
regulator for S-phase genes; and tobacco 3AF1 améto E4/E8-BP1,
light- and ethylene-regulated DNA binding protethat contain two BED

fingers.

16



17

Tablel. Structureof ZnF-protein complexeswith cordinatesin the protein Data Bank

ZnF Protein Partner protein Function Refs PDB code ID Ed (M)
GATA GATA-1 FOG Transcription regulation Liew et al (2005 1var 10-5
ZnF TBF IzaT Ubiguitin Deubiguitination Reses-turcu et al (2006 20343 10-6
RanBP Hpla Ubiguitin Ubiguitination (proteolysis) Alam et al (2004) 10 5% 10-4
A20 Rabex3 Ubiguitin Ubiguitination (proteolysis) Lee et al (2006) 2ZFID 10-5
LIM LMOZ (M terminusg) Ldbl Transcription regulation Deane et al (2003) 1720 HA
LIM LM O4 (N termimas) Ldbl Transcription regualation Deane et al (20035 1MI3T HA
LIM LM O4 Ldbl Transcription regulation Deane (20045 1RUT 10-9
LIM PINCH Mck2 (3HS domaimn) Cell adhesion and migration Vaynberg (2005) 1753 10-2
RING c-Chl ThcHT Ubiguitination (proteolysis) Zheng (2000 1FBV HA
RING Rhbzxl Cull Ubiguitination (proteolysis) Zheng (2002 1LDT HA
RING Crotd Uhbch5B Ubiguitination (proteolysis) Dominguez et al (2004 1UR& HA
RING Bmil RinglB Uhiguitination (proteolysis) Buchwrald (2006), 2CEKEL, ZHOD HNa&
FHD ING2 HiK4me3 Chromatin regulation Pena et al (20067 2060 10-6
FHD BFTF HIE4me3 Chromatin regulation Liet al (2006) 2FUU 10-6
TAZL CEF/p300 HIF-1a Cellular hypoxic response Daimes et al (2002 1LEC 10-7
TAZL CEF/p300 CITEDZ Cellular hypozxic response Freedman et al (2003) 1P40, IREU 10-8

(Gamsjaeger et al. 2007)
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(Gamsjaeger et al. 2007).

Figure1-1. Topology and structure of ZnF domains

The grouping of the ZnF domains reflects the omdevhich they are
described in the texa) Classical (PDB code 1FU9), GATA (1GAT), ZnF
UBP (2G43), RanBP (1Q5w), A20 (2FID). (b) LIM (1A7a&nd MYND
(1FV6). (c) RING (1CHC) and PHD (1XWH). (d) TAZ (1R8U).
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Materials and Methods

B1.1. Plant Material and Growth Condition

Plant materials used in this study were Col ecotgpeirabidopsis
(Arabidopsis thaliana). Ry seeds of Col-0 plants transformed with
Agrobacterium GV3101 carrying pSKI015 (Weigel et al. 2000) was a
generous gift from Dr. SooYoung Kim Chonnam Natiokmiversity,
Gwangju, Korea. Seeds of theabidopsis were surface sterilized by gentle
shaking in sterilization solution [70% (v/v) ethain®% Clorox, containing
0.05% (v/v) Triton X-100] for 20 min, followed bynsed three times with
95% (v/v) ethanol and finally four times with steriwater. For basta
screening, between 1800 and 2000 sterilized seedaich 15@ x 20mm
sized plates were placed on half strength of MS iandd.2 gl/liter
Murashige and Skoog salts (Duchefa Biochemie, Niethds), 8 g/liter
Phytagar (Sigma)] containing fungicides Benomyh{g/liter; Sigma) and
20 mg/L glufosinate-ammonium (Basta, SIGMA) in #gecondition. Then
Petri-dishes wraped with two layers of aluminiur &md placed at 4°C for
3-4 days to synchronize germination. The plateeween transferred into
growth room maintaining at 21+1°C under long dapditions (16h light/
8h dark). Twelve and fourteen days after succes$iasta resistant
seedlings were hand transferred into Sunshine migoib (Sun Grow
Horticulture, Canada) and covered with transpapdastic cover for two
days to maintain high humidity and placed into angh room under the
above controlled conditions and irrigated with nnalenutrient solution

(0.1% Hyponex). After two weeks of seedling transf@ to soil, plants
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were again sprayed once a week with commerciaiylae Finale, which
contains 5.78% (W/V) basta, was diluted 1:1,0003faveeks.

B1.2. Mutant Screening

For the screening, mutants were placed into bréaesses on the basis of
plant phenotype categories of number of rosetteelgacolor and size of the
leaf, leaf margin, length of the petiole, plantdiej flower and silique
shape and size, flowering time, and branching obshwere recorded in;F
generation. Screening strategy and pool architecwuss designed with
modification of (Krysan, Young & Sussman 1999) FKFeul-2A.
Brassinazole insensitive mutants were isolated dkwing the pool
strategy of Figure 1-2B.,FSeeds of Columbia plants transformed with
Agrobacterium GV3101 carrying pSKI015 (Weigel et al. 2000) scezknn
20 mg/L glufosinate-ammonium (Basta, SIGMA) werengi@ated on one-
half-strength MS media supplemented wiitM3brassinazole220 (brz220).
Seven days after germination at dark, observeddotpls in tall phenotype
were selected and transformed to half strength M8iancontained 20mg/L
basta plate for the confirmation of successivesiamants with the help of
sterilized forceps. Then selected hypocotyls wetotggraphed and
scanned for the measurement and further analydier Ane week of
transformation on basta plate the seedlings wenmd haansferred to
Sunshine mix 5 soil (Sun Grow Horticulture, Canaala) placed at growth
room. The plant phenotypes were scored at the isgedhd adult stages.
Next, the selected mutants were back crossed wétparental line Col 0,
and segregation of the selection marker and phpastin brassinazole and

soil were followed in the progeny.
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B1.3. Extraction of plant genomic DNA

The rapid plant DNA extraction, PCR grade was edrout with some
modification of (Edwards, Johnstone & Thompson 199he leaf tissue
(~100mg) was ground with liquid nitrogen in frozémygen tube and a
small plastic pestle. Then 5@0of extraction buffer [LOOmMM Tris-HCI (pH
8.0), 0.5M NaCl, 50mM EDTA] was added to the grofirmten leaf tissue
powder and vortex until no tissue clumps was vesiahd mixture was
incubated for 10 min at 65°C, during the incubatioiim was inverted 2 to 3
times. Following the incubation 300(l of 5M potassium acetate was
supplied to the lysate and incubated on ice fornd@. Lysate was
centrifuge for 5 min at 13,000 rpm in table ceniyé. Then cleared lysate
(typically 450 ul) was pipette to clean Effendrof tube and adde@ @O
isopropanol and incubate 4°C for an hour. Afteulrettion genomic DNA
was recovered by centrifugation at 13,000 rpm fomih at 4°C. DNA
pellet was washed twice with 70% ethanol, dried mastispended in 2d
ddH;O.

B1.4. Determination of T-DNA insertion Site

Sequence flanking the T-DNA insertion was identifiy Thermal
Asymmetric Interlaced Polymerase Chain Reactionl(fRCR), Plasmid
Rescue and Inverse Polymerase Chain Reaction (IB€R¥sing genomic

DNA of atbrzil mutant. The detailed procedures are as follows

B1.4.1 Thermal Asymetric Interlaced (TAIL)-PCR

TAIL PCR: was carried out according to (Liu et al. 1995)hwilhiree
rounds of amplification using following degenerpteners AD2 primer 5’-
NGTCGASWGANAWGAA-3' AD5 primer 5-SSTGGSTANATWATW
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CT-3; DEG1 5-WGCNAGTNAGWANAAG-3'; DEG2 5-AWGCANG
NCWGANATA-3'and T-DNA specific left border nestedimers; L150
(5-CACGTCGAAATAAAGATTTCCGA-3’), L100 (5-CCTATAAAAC
AGATCGT-3"), L50 (5'-ATAATAACGCTGCGGACATCT-3). Thefirst
amplification step was performed with 100~200 ngayeic DNA template
with a primary T-DNA primer (LB150) and each of @egrate primers
AD2, AD5, DEG1 and DEG2 separately. The PCR progfamthe first
round were performed as (1) 94°C for 3 min and 9&:iC1 min (2) five
cycles of 94°C for 45sec, 62°C for 1min, and 7286€ 2.5 min; (3) 94°C
for 45sec, 25°C for 3min, ramp to 72°C in 3 mirBf@/sec) and 72°C for 3
min; (4) two cycles of 94°C for 20sec, 68°C for hmand 72°C for 2.5
min; (5) fifteen cycles of 94°C for 20sec, 68°C fonin, and 72°C for 2.5
min, 94°C for 20sec, 44°C for 1min, and 72°C fd& éin; and (6) 72°C for
5 min. After the first amplification step, the PGBactions were diluted
with ddH,O to 50X and an aliquot of dl from each sample was added to a
second round of PCR reaction of gDreaction volume containing a T-
DNA specific secondary (LB100) primer with each getlegenerate primer
as primary TAIL PCR reactions. The second round R@R performed
using the program: (1) 94°C for 3 min (2) two cyclef 94°C for 20sec,
64°C for 1min, and 72°C for 2.5 min; (3) twenty & of 94°C for 20sec,
64°C for 1min, ramp to 72°C in 2.5, 94°C for 20sé4;C for 1min, and
72°C for 3min; and (6) 72°C for 5. The second afigaliion of PCR
reactions were again diluted with dgfito 50X and an aliquot of dl from
each sample were added to a third PCR reactionOqgil 270lume that
containing a T-DNA specific tertiary primer (LB50yith each of
degenerate primer as primary and secondary TAIL R&Rtions. In third

TAIL-PCR, the reactions were subjected to a loweating temperature
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PCR program: (1) 94°C for 5 min; (2) 94°C for 3&,544°C for 1 min;
72°C for 2.5 min. and a final extension at 72°C5onin was followed by a
hold at 4°C. Takara ExTaq (Takara, Japan) was fmeall amplifications.
The MJ research thermocycler was utilized for aAIlFPCR. The
completed TAIL-PCR reactions were size separateélégtrophoresis on a
1% agarose gel and isolated by Gel Extraction ((BAg The isolated
DNA fragments were sequenced with the T-DNA negiéicher LB50 and
obtained sequence result was blastApabidopsis genome at the TAIR

blast blast (http://www.arabidopsis.org/Blast)

B1.4.2. Plasmid rescue and inverse PCR (IPCR)

T-DNA flanked insert was also isolated from genomNA of atbrzil
plant using plasmid rescue and IPCR method (Weigal. 2000; Li, J et al.
2001a). Genomic DNA was isolated from 2-weeksatlz1l Arabidopsis
plants with DNeasy Plant Mini Kit (QIAGEN, USA). €&h plasmid
sequence in pSKI015 is flanked by several restiicinzyme sites that can
be used for rescue of T-DNA. The restriction enzyiipnl, Xhol, EcoRl,
Pstl, andHindIll can be used for the rescue of sequences adjardiné t
right T-DNA border; andBamHI, Spel, andNotl can be used for left border
rescue(Figure 1-3C). For plasmid rescue and IPCR, utp of atbrzil
genomic DNA was digested witkhol (New England Biolabs Inc) in a 100
ul volume. After digestion, the enzyme was heat-inated at 70°C for 20
min and the reaction was passed through a Qiaduickeotide Removal
Kit (QIAGEN, USA). A ligation reaction was set uptiv 0.2 units of T4
DNA ligase (NEB, England) in a total volume of 100 at 4°C for
overnight. For plasmid rescue, gDof ligated aliquot was transformed by
heat shock method (Sambrook, Fritsch & Maniatis 9Q9Bto DH
competent cells and spread on LB agar medium aguntgaampicillin. After
incubation at 37°C overnight, 10 colonies per Iwere chosen and
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subcultured in 5 ml of LB medium containing ampigil Plasmid DNAs
were prepared from these liquid cultures and degesvith BamHI to
distinguish plasmids that did not contain genomagiients (Figure 1-3 B-
C).

IPCR was performed withub of the ligated aliquot and 2.5 units of LA
Tag DNA polymerase (TAKARA, Japan) in a total volkeirof 50ul under
the following conditions: (1) 94°C for 5 min; (ditty five cycles of 94°C
for 30 sec, 60°C for 30 sec, and 72°C for 5 min ¢$8les); and final
extension at 72°C for 5 min was followed by a hatd4°C.The ligated
DNA was amplified with two inverse PCR primers (f8imer 5'-
AATTAACCCTCACTAAAGG GAACAAAAG-3’; AtRB primer: 5'-
GATATCTAGATCCGAAACTATCAG TG -3'). The resulting PCR
products were separated by gel electrophoresigarified (QIAquick Gel
Extraction Kit, QIAFEN, USA) before it was subjedtdo sequence
analysis
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A B
Activation tagging Pools of 48
germinated per 1/2MS
TO seeds plate containing 3uM
3 brassinazole
Basta Selection J
~10,000 basta’ plants Select long hypocotyl
grown on basta plates Photograph, scan and
1 measure hypocoty! length
Pools of 8 J’
1250 pools Segregation on basta
; Confirm hemizygous by
baség:_lsae %g‘g?rgspgroggrd o segregation in basta with
collected seed from entire the survival ratio of 3:1
pot +
3 Identify T-DNA
Pools of 48 _insertion
Identify T-DNA insettion
208 pools locus by TAIL-PCR, IPCR,
Seeds from “six pool of 8” plasmid rescue and
combined genotyping PCR

Figure 1-2. Establishment of pool system for mutant screening
(A) Strategy of pool making at the time of scregnimF, generation.

(B) Strategy of brassinazole insensitive mutarg¢esaing and identification
of the T-DNA insertion site in /generation
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A.
Xia" AtRB primer X’io" T3 primer
[ pSKI015
BE BaI‘:HJ LE BamH{
B C.

pBstKS+

BASTA

Sacl
Notl

pSKI015
LB 110138 bl

amHi
Spe!

Figure 1-3. Schematic diagramsfor plasmid rescue and IPCR

(A). Appropriate restriction sites of left and righorder of the T-DNA,
where one enzyme chopped into two sites, one TSRNA and another is
at the possible site of genomic part. (B). Plasragtue and IPCR is used to
amplify DNA of unknown sequence (dark line) thatadjacent to the T-
DNA sequence (White blank). The genomic DNA digdstgth Xhol was
circularized by ligation and PCR was performed bing T-DNA specific
primers T3 and AtRB. (C)activationtagging vector pSKI015 showing
restriction enzyme sites and lines in bold indidatet of T-DNA internal

sequence after plasmid rescue.
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B1.4.3. Genotyping PCR

The atbrzil mutation was detected by using a primer pair 3f@NA
specific skLB2 (5’-CATTTGGACGTGAATGTAGACACGTCGAAATI)
and a gene specific primer Atbrzil-F (5-TAGGACTGCNAATTATG
TGGTAAGA-3'). The presence or absence of the wyjjuet allele was
confirmed by a primer pair Atbrzil-F and Atbrzil{8-GTGTCTGAT
GAACT TGTAAATCTC-3). The amplified PCR reactionseve size
separated by electrophoresis on a 1% agarose get 8btained for wild
type is 285 bp and band fatbrzi1l mutant is 444 bp.

B1.5. Seed germination Experiment

Seeds of wild-type and mutant plants were place®larashige-Skoog
medium containing 50 mg/l basta or without. Petshds were covered
with parafilm and placed into the dark place, terapge at 4°C for 3-4
days. After that they were transferred to the ghovaom with conditions
16h light and 8h dark, temperature 21+2°C. Diffeesnin seed germination
between wild type and transgenic plants were olsvion 2 days. The
developmental differences from the stage of segsllimetween activation

tagged plants and wild type were observed on theay.

B1.6. RNA isolation and cDNA Synthesis

Total RNA samples were isolated form 4-weeks oldvabground
tissue with Trizol (Life Technologies) followed lnyanufacturer’s protocol.
The concentration of the total RNA was quantifiedspectrophotometer
(Smart Spec 300@BIO-RAD, USA) at an absorbance of 260 nm. All the
extracted RNA was diluted to jg/uL. cDNA was synthesized using
Superscript Il reverse transcriptase (Life Techgigs). 2ug of total RNA
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and 1uL of the oligo dT (50Qug/mL) were mixed in a reaction tube, heated
at 70°C for 10 min to inactivate the sample, arehtbhilled on ice quickly.
5x first strand buffer and 0.1M DTT were added, #re@lmixed contents of
the tubes were gently incubated at’@2for 2 min. 1l (200units) of
Superscript Il was added to the tube, incubatet2a€ for 50 min, and the
reaction stopped by inactivation heating at 70°Clf®min. the synthesized

cDNA was stored at 20°C for further use.

B1.7. RT-PCR Analysis

Semi-quantitative RT-PCR was employed in order &bexnine the
expression of a gene adjacent to T-DNA insertiotessi RT-PCR
amplifications were performed in 30 reaction volumes, with 200 ng of
cDNA, added to 1x Taq buffer, 0.25mM of dNTPs, \/bof each forward
and reverse primers under the following conditidd®’C for 5 min; 94°C
for 30 sec, 55°C for 30 sec, and 72°C for 1 minsd0 (38 cycles); and
72°C for 5 min final extension. The reverse andvind primers used for
RTPCR amplifications are as follows: Atbrzil-1F-f8&SGCTCTCTAAA
CCTCTATCTAAA-3) and Atbrzil-1R (5-CTAAACAATAGTTATTG
GATCAACA-3"); Atbrzil-2F (5'-GTGAGACTAGCTAAGTTCATCAT
ACAC-3) and Atbrzil-2R (5-ATCATGTACTACCAACTGAATTGCT-
3) Atbrzi-3F (5-GAGTTCTATGCGTATTCTACCTCCTAAC-3") and
Atbrzi-3R  (5'-TAGTGAGAAAGAGGTTAAGGACAATGTA-3). The
Arabidopsis actin gene was amplified as a template controlguaimprimer
pair: ACT-F (5-GGCGATGAAGCTCAATCCAAACG-3) and ACTRR
(5-GGTCACGACCAGCAAGATCAAGACG-3). Actin gene wassed as

a positive control. PCR products were electrophextés a 1% agarose gel
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containing 0.5 mg T ethidium bromide (EtBr) and observed under
ultraviolet light.

B1.8. E. coli Preparations

B1.8.1. Plasmid Preparation

Isolation of plasmid DNA fronk. coli and Agrobacterium tumefaciens
was done using Qiaprep Spin Miniprep Kit (QIAGENhe procedures
were followed as described by QIAGEN.

B1.8.2. Preparation of E. coli Competent Cells

5 ml of LB medium was inoculated with a single c¢otoof DH5x cells
and incubated overnight at 37°C. 1ml of the ovdvinaylture was used for
the inoculation of 100ml LB medium. The culture viasubated at 37°C by
shaking until the optical density at 600 nm reached.4. Cells were
centrifuged for 10 min at 4°C (4500 rpm), the gelas resuspended in 20
ml ice cold solution 0.1M Cagland let on ice for 15 min. Cells were
centrifuged for 15 min at 4 °C (4500 rpm) and tekegb was resuspended in
2ml ice cold solution 0.1M Cagand 15% glycerol. 200l aliquots of heat

shock competent cells were frozen in liquid nitroged stored at -80 °C.

B1.9. Map-based Construct

All the cloning procedures were performed accordiog standard
techniques described by (Sambrook, Fritsch & M&iaB89). All the
purposed cloning is described separately as follows
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B1.9.1. cDNA Construct

For the confirmation of role oATBRZI1 gene overexpression, full-
length cDNA of the predicted gene (Atlg12380) wémed, using the
binary vector pRR 2222 (a generous gift from Dr.ngloMa’s lab,
University of Park, PA, 16802 USA). Approximately2Qqug of total RNA
from the Arabidopsis seedlings was used for the cDNA synthesis using
TRIZOL reagent as template for the RT-PCR reactifmtiowing the
supplier's instructions (Life technologies). The MB fragment was
obtained bypfu proofreading polymerase Turbo (Stratagene), ugieme
specific primers forward Atbrzil cDNA-F: 5-TCACTAGCTCGAGGA
TGGCGACGATACGCTC -3’ and reverse Atbrzil cDNA-R:-5TCGG
ATCCGGCGCCCTTCACACTGAGGACGTATC- 3'. Sub-sequentiye
cDNA fragment was cloned into th¥hol and BamHI sites of vector

pRR2222 and the sequence was confirmed by digestidrsequencing.

B1.9.2. gDNA Construct

For the genomic constructiohTBRZI1 gene including 2029bp of gene
specific promoter, 140 bp upstream of the T-DNAentisn and 961bp
downstream from the stop codon as predicted tetorinaas amplified
from the genomic DNA of ecotype Columbia. PCR wasied out withpfu
proofreading polymerase Turbo (Stratagene), udnegfollowing primers
Atbrzil_geno-F: 5-GTGTCTTGAACTTGAACTTGTAAATCTC-3'and
reverse Atbrzil _geno-R: 5-CGGGTA@ATTTATGAAACTTGCCACA
3'. The obtained fragment was digested vi&ttoRI andBamHI presence in
the specific restriction site of the genomic partl &loned into the same
sites of binary vector pCAMBIA 1302.
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B1.9.3. ATBRZI1::GUS Construct

For ATBRZI1::GUS construct, the putative 2.3 kb gene specific pramot
including upstream of thATBRZI1 was amplified from the genomic DNA
of Columbia-0. PCR was carried out wigfu proofreading polymerase
Turbo (Stratagene), using the following primers raitb GUS-F 5'-
ATCTGCAGTCTTGAACTTGAACTTGT-3' and reverse Atbrzil GUS-R:
5'-CATGCCATGGGAGTTGAAATTAGGACA. Subsequently, the
obtained fragment was cloned into tRstl and Ncol sites of vector
pCAMBIA1304 and the sequence was confirmed by digesand

sequencing.

B1.9.4. RNAi Construct

ATBRZI1 RNAI construct was made on pHannibal (Wesley e2@01).
The inverted repeat, flanked by tB8S promoter and the OCS terminator
was inserted in th&acl andPstl site of the binary vector pCAMBIA 1302
for plant transformation. To knockdowWATBRZI1, we choose the linker
region connecting the region similar to Zinc fingBED-type because it is
very specific to the At1g12380 and At1g62870 gehel58 bp fragment
was amplified from the Columbia cDNA with primersb#zil Hani-F: 5’-
CTGGATCCTCGARAAGGCGCGTGGTATTG Atbrzil_ Hani-R:5'-
CCGAATTCA TCGATAGAGTTGAAATTAGGACA-3..

B1.9.5. GFP fusion Construct

For the plant transformation, 2379 bp fragment aaplified from the
Col-0 cDNA usingpfu Turbo DNA polymerase (Stratagene) and primers
Atbrzil_GFP F: 5-CCGAATTGATGGCGACGACTAACGCTC 3’ and
Atbrzil_GFP R: 5-TCGGATCBCTGAGGACGTATCGACAAG-3'. The
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fragment was digested witicoRl and BamHI and fused to the enhanced
green fluorescent protein (EGFP) gene in pEGAD lyinactor.

B1.9.6. Protein expression Construct

A 2379 bp fragment oATBRZI1 gene except stop codon was amplified
from the Columbia cDNA usingfu Turbo DNA polymerase (Stratagene)
and primers Atbrzil GFP F: 5-CCGAATTGATGGCGACGACTACGC
C-3' and Atbrzil PET R: 5-TGCCGCGGCCACTGAGGACGTACG
CAAG -3'. The fragment was digested wittoRI andNotl and cloned at
the multi cloning site of the C-terminal site otthlis-tag of the pET-28a
(+) vector (Novagen) .

B1.9.7. Yeast-two hybrid Construct

The full-length cDNA sequence was amplified froml@obia cDNA
using pfu Turbo DNA polymerase (Stratagene) and primers Z\ibpc62-
F: 5-AACTGCAGCTTG ATGGCGACGACTAACGCTCACA-3-, and
Atbrzil-pc62-R: 5-TCACTAGTTGTCACACTGAGGACGTATCGACA
3'. The fragment was cloned into tRetl andSpel site of pPC62.

B1.9.8. Transformation of E. coli and Agrobacterium

Methods for preparation and heat-shock transfoonatf competent
DH5a cells were adopted as described in (Sambrooksdfri& Maniatis
1989). Approximately 100-20@Ql of competent cells were transferred to
microcentrifuge tube and 5-10 aliquots of a ligation mixture were added.
The samples were incubated on ice for 30 min, Wl by incubation in a
42°C water bath for 90 seconds. Samples were theklg chilled on ice
and incubated for 5 minutes and 8aADof SOC was added. Next, the
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samples were incubated in 37°C water bath for 1% amid transferred to
gently shaking (150 rpm) incubator in 37°C for 4o allow bacteria
cells to recover and to express the antibiotic raekcoded by the plasmid.
Two hundredul of the putative transformed cells were transigrie LB

plate containing selective antibiotics were inceds®7°C overnight.

Preparation ofAgrobacterium competent cells was done according to
TAIR protocols. The overnight culture @grobacterium tumefaciens in
YEB medium was diluted with fresh medium 1:100 firolume 200 ml)
and grown at 28°C till OD 600 reached approximates-0.8. Cells were
collected by centrifugation for 20 min at 3000 rain4°C and resuspend
gently in 10 ml of sterile cold TE. The cells wesgin down for 5 min at
300 rpm and resuspend in 10 ml of sterile Milliponeater. After
centrifugation for 5 min at 300 rpm, cells wereusgzended in 20 ml of
sterile cold YEB. 50Qul aliquots of the cell suspension were frozen in

liquid nitrogen for further storage at —70°C.

Freeze-thaw transformation éfgrobacterium with plasmid DNA was
done according to Chen, Nelson & Sherwood (1994).rg of plasmid
DNA was mixed with an aliquot of competeAttumefaciens cells and
freeze in liquid nitrogen for 5 min. Then cells weransformed to the 37°C
water bath and incubated for 5 min. 1 ml of LB nuediwere added to the
cells. The cells were mixed and incubated for 2-8t I128°C with gently
shaking. Then 20Ql of the cell suspension were spread onto YEB plate
contained selective antibiotic and incubated atC286r two days and

successive colonies were subculture for furthersganic confirmation.
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B1.10. Arabidopsis Transformation

A floral dip plant transformation method was apglias described by
Clough & Bent (1998). 8-10 number @éirabidopsis plants were grown
over long days in 8x12 cm pots containing soil $ums mix 5 (Sun Grow
Horticulture, Canada) until the first siliques weisisible. Plant pots were
placed under continuous light with intensity ramgfrom 16-20umol se¢
m®. Seedlings fertilized weekly by irrigating with &h0.1% nutrient
solution of Hyponex. Horticulture pesticides wesed when necessary to
control insects and spider mites according to thappkers’
recommendations. Healthy grown plants were clipdedt blot to
encourage proliferation of many secondary blotan®lwere ready after 4-
6 days after clipping. The above ground infloreseenf the plant was
dipping by inverting inAgrobacterium GV3101 carrying gene of interest on
a binary vector solution for 20 minute&grobacterium infiltration media
was prepared on half strength MS salt (Duchefa li&2aue, Netherlands)
contained 0.02% of Silwet L-77, 0.0015% BAP (1mg/mhd 0.1% 1X
Gamburgs vitamins. Dipped plants were then plagetkua plastic dome
cover for 16 to 24 hours for maintaining high huityid Seeds were
harvested after 2 to 3 weeks pot wise and gernmdntiie transformants on

respective selection marker.

B1.11. Computer assisted analysis and Presentation

The web-based interface software Primer3, Genonmetok AthaMap
were used for primer design and gene analysis.n®mksources used for
functional genomics were the National Center forot&thnology
Information (NCBI), The Arabidopsis Information Resource (TAIR),
Arabidopsis Gene regulatory Information Server (AGRIS), Thetitoge for
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Genomic Research (TIGR), Salk Institute genomic Iygia laboratory
(SIGnAL). Vector NTI, Gene Runner, Gentle, Plasm#&Dwere also used

for sequence management and analysis.

Plants were photographed with a Nikon COOLPIX50afital camera
(Nikon, Japan) and hypocotyls and all the plantsparere taken picture
under the image microscope Nikon SMZ1500 (Nikorpadg. All the
figures were scanned with HP Scanjet XPA (Hewledckard, USA).
Images were captured and analyzed with Scion Ingg&g®n Corporation,
Frederick, MD) software. All the digital convers®rof images and

adjustment were done through Adobe Photoshop C&Bwe
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Results

C1.1. Screening of activation tagging Arabidopsis

T-DNA introducedArabidopsis seed () was generous gift from Dr.
SooYoung Kim Chonnam National University, Gwandfinrea. Between
the 1800 and 2000 seed per plate was placed fasctieening on basta as
described in materials and methods. After synclzingiat 4°C, the plates
were moved to light in the growth room for germiaat Primary
transformants harboring T-DNA with basta resistgahe (Figure 1-3C)
were survived in the basta plates (Figure 1-4R)ese basta resistant
seedlings were carefully transferred into soil apdayed two times with
crude basta in interval of a week. After the seaxd/ést, the population of
T-DNA transformed lines were systemized by orgaigzn a pool system
Approximately 10,000 activation tagged primary #nef Arabidopsis
conferring resistant to basta were generated atableshied in a pool
(Figure 1-2). In Tscreening, in average 1.35% of Arabidopsis plargew
survived in basta in (Table 2AAmong the 10,000 lines, 150 defective
mutants in normal growth and development were atgeened based on
the phenotype characters in categories of rosett®,cnumber of rosette
leaves, size of the leaf, length of the petioleanplheight, shape and
branching of shoot were recorded in @eneration (Appendix land

identified and established mutant lines for fut(&ppendix II).

In brassinazole screening, the populations of 1D, NA insertion
lines were organized in a pool system (Figure 1Q¢nsidering the
manpower and growth room space, a total of 208uajgpols of 48 were
created by scooping the equal amount of seed fiblimes as estimated in
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Table 2B. Seeds from the each 48 pools were themigated in half
strength MS media containingy brassinazole for 7 days in dark. Dark
grown plates were carefully opened in just visilét (low light) at clean
bench and selected tall hypocotyls with closed ledtyn phenotypes as in
Figure 1-4B Out of 10,000 insertion line, 46 were isolated asafive
insensitive to brassinazole (Figure 1-B)ll the isolated mutants were
carefully transferred onto the half strength MSteleontaining basta and
took photograph (Nikon COOLPIX5000 digital camesad scanned (HP
Scanjet XPA, Hewlett Packard, USA) for the meas@emand analysis
purposes. Among 46 putative brazzinazole insemsiihes, few lines were
died on basta at;Igeneration. This brassinalole screening resultsals
that some mutants are extremely and many mutaatgaatially resistant in
the brassinazole (Figure 1:5)However, we used 3 times more

concentration of brasinazole than usual (Asami.&090).
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Table 2. Screen on basta

(A) Survivalratio in basta in FScreening

(B) Estimationof Seed number in weight for screening. Each numias

estimated
A
Plate no alive dead alive%

1 32 2968 1.06
2 38 2962 1.25
3 34 2966 1.13
4 40 2960 1.33
5 60 2940 2

6 47 2953 1.56
7 54 2946 1.8
8 34 2966 1.13
9 44 2956 1.46
10 41 2959 1.36
11 37 2963 1.23
12 41 2959 1.36
13 42 2958 1.39
14 43 2957 1.43
15 39 2961 1.29
16 38 2962 1.26
17 32 2968 1.06

Average survival % in basta 1.35

38

B
SN noofseed average wt
1 100 1.79mg
2 200 3.6mg
3 300 5.38mg
4 500 8.87mg
5 1000 17.9mg
6 2000 36mg
7 5000 90.06mg
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Figure 1-4 Arabidopsis screening

(A) Isolation of T;, T-DNA insertion activation tagging mutant linesrh
seedlings that were grown on half strength MS mmadiontaining 20 mg/1
basta.

(B) Brassinazole insensitive (brzi) mutant screened on half strength MS salt
containing 3uM brassinazole germinated for 7 days in dark: Brnag®le
insensitive mutants showed long hypocotyl and dosatyledon characters that

are grownArabidopsis in dark without brassinazole.
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Figure1-5. Isolation of brzinsensitive mutants

Out of 10,000 basta resistant primary transformad® putative
brassinazole insensitive lines were screened. Antbagd6 brassinazole

insensitive mutants, some were extremely resistatite brassinazale
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C1.2. Isolation of atbrzil Mutant

The seed of 46 activation tagged putative to bmagsie insensitive
mutants were again organized in a pool system areksed visually that
were grown on half strength MS plates containingvBbrassinazole for 7
days in dark. Most tallest hypocotyl with closeyetions in brassinazole
was selected and gave naamtivation tagging brassinazole insensitive 1
(atbrzil). The selected mutant self and T4 population waised and

checked the inheritance.

To identify the genes responsible for the mutaplt&notype, the sites of
the T-DNA insertions was characterized. The juncbetween the T-DNA
and Arabidopsis genomic DNA was determined by TAIL-PCR. Genomic
DNA was isolated from the mutant using QIAGEN kitdaperformed
TAIL-PCR as byLiu et al. (1995). The specific baruatsplified by AD and
T-DNA specific LB50 primer at TAIL 1l (Figure 1-6yvere excised and
purified using Gel Extraction Kit (QIAGEN). Purifie tertiary PCR
products were sent for sequencing at MACROGEN Kor®@atained
flanking DNA sequences were compared toAhabidopsis data base using
Basic Local Alignment Search Tool Nucleotide (BLA$T Compared
typical TAIL-PCR sequence with Genbank identifigahitarities of distinct
regions of the TAIL sequencing read to separateusmgue regions of the
Arabidopsis genome (Figure 1-7A). Sequence analysis of the PORuct
showed that T-DNA was inserted in the promoter argiof gene
At1g12380 which is located at the position of 48i©92f BAC F5011 of
chromosome I. The T-DNA is inserted near the ceoftigromoter between
two genes, 1576bp downstream of gene Atlg123901806@bp upstream
of gene At12380 (Figure 1-8B).
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C1.3. Genotyping PCR and T-DNA Verification

Genomic DNA from the wild-type and eight plants atbrzil was
extracted. To identify the location of T-DNA ingert, primers flanking the
putative T-DNA location, the left border specifiamper skLB2, and gene
specific primer Atbrzil-F were used. The PCR progrased 1-min
extension time is sufficient to amplify up to 106p fragment. The PCR
program was used with a denaturation of 5 min 4C9485 cycles at 94°C
for 30 sec, annealing at 55°C for 30 sec and exieret 72°C for 1 min
with a final extension of 5 min at 72°C. The PCRodarcts were
electrophoresed in a 1% agarose gel containingi@l5* ethidium bromide
(EtBr) and observed under UV light. Figure 1-8A wkahat the presence
of T-DNA insertion was confirmed by the amplificai of approximately
421 bp fragments. Primers flanking the T-DNA inggrtwere able to
amplify a wild-type fragment (Figure 1-8@Jant 3) suggesting that T-DNA
insertion is hemizygous (T-DNA/WT).
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TGAATGTAGAEACGTCGAAATAAAGRTTTCCGARTTAGAATAATTTGTTTATTGCTTTQGC
ismo
CTA?ﬁAﬂTRCGRCGGRTCGTHRTTTGTCGTTTTRTCRRAATGTHCTTTCATTTTRTARTRR
LB50 >

CGCTGCGGACATCTACATTTTTGAATTGARARAARAT TGGTAATTAC TCTT TCTTTTC(:TC
aaaattggtaattactctttcttttcatc

CATATTGACCATCATACTCATTGCTGATCCC TGTAGATT TCCCGGACATGARGCCATTTAR
catattgaccatcatactcattgectgatccatgtagattteccggacatgaagecattia-

CA-TTGAATICATGTATGCATGCT TATATGTATGAATGATCAATGAAT TCTAARGTCTAATA
caattgaaticat-taggcatgcttatatgaaagaatgatcaatgaattctaaaggcta ;ta

T-DNA =+— |———— genomic flanking DNA

TACAARATCCACCCATAACTGTATCTATATAATAAAR-AGGCAGAAAMTTAATTTCT TE'
tacaaaatccacccataactgtatctatttgacaasataggaagaacattattttett:

Figure1-6. Agarosegd analysisof TAIL-PCR products

Each set of three lanes contains products from gsinil) secondary (ll)

and tertiary (Ill) reactions for a wild type amatbrzil mutant. The product

specificity was confirmed by the size shift betwélea primary, secondary

and tertiary reactions. Multiple nonspecific bammdserved in some lanes

were nested fragments derived from annealing ofidgenerate primers at

more than one site along the target sequence metediane M: is the 1kb

DNA ladder.
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Figure 1-7. Sequence analysis of TAIL-PCR product of atbrzil

(A) Scheme of BLAST hits generated for sequenamfthe mutanatbrzl,
using NCBI BLAST server (http://www.ncbi.nim.ning®&LAST). The
two top hits are color coded for alignment scoassshown at top. Positions
10 to 107 align with left border T-DNA sequenceskp, positions 109 to
608 align with an Arabidopsis thaliana BAC F501anfr chromosome 1.
(B) Regions of the electropherogram of the sequebtesequence has
higher signal intensity than 3’ sequence.
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Figure 1-8. Genotyping PCR of atbrzi1 Plants

Genotyping PCR was amplified with gene-specifierais were Atbrzil-F
& Atbrzil-R and a T-DNA left border skLB2 (A)Gel electrophoresis of
PCR products. Lanes 1, 1-kb ladder; 2, wild typ& Activation tagged
atbrzil mutants. (B) Schematic of gDNA/T-DNA junction imtbrzil. T-
DNA was inserted into the promoter region of At188@ gene at the
position of 48102 of BAC F5011 from chromosomed).(PCR analysis of
the predicted insertion in wild-type (wt) Columlifizegative control) and 8
progeny of theatbrzil mutant. Products of PCR using the primer sets
Atbrzil-F/Atbrzil-R and AtbrzilF/skLB2 were run &djacent lanes for
each sample. Plants 3, 5, and 8 are hemizygoubkdansertion, whereas 1,
2, 4, 6, and 7 are homozygous for the insertion.
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Cl1.4 Structure of ATBRZI1 Gene

ATBRZI1 is located on the acrocentric region of the chramus | of
Arabidopsis thaliana nuclear genome (AT1g12380; 4214497-4216872) and
encodes a 793 amino-acid similar to the unknowrtepip Zinc finger
BED-type was predicted. An approximately 158-bptla N-terminal
region of ATBRZI1 gene contains predicted zinc finger BED-type. This
region terminates after the 346 bp of endogenou&.ATherefore the
ATBRZI1 is a typical eukaryotic gene with BED-type zinadgér motif.
There is also another predicted PRO_RICH motif (PFPPPPPAPAPP) at
N- terminal site of theATBRZI1 protein immediately after the ATG start
codon (Figure 1-9).

C1.4.1. Computer based analysis of Znf BED-type motif

Since both the 2382-bp At1g12380 and 2289-bp At&goarive BED-
type zinc finger motif in a acrocentric mannerArabidopsis, and have
100% identical each other (Figure 1-9 B and C).ofparative analysis of
both sequences using GenomeNet, SSpro versionaad,vector NTI
advance 10 programs were conducted to identifytipetainc finger motif
and its structure. The BLAST search result of ATBRZrotein has
maximum identity with Vitis vinifera and Oryza sativa and all are
uncharacterized and unknown about their functiaguffe 1-10). All these
proteins have Zinc finger BED type motif and lochtt the N-terminal

region.

Figure 1-11 illustrates the analysis of the BEDetyginc finger with its
predicted secondary structure and coordinationysfCys-His-cys manner
that is similar to the classical ZnFs comprise artsp hairpin and an

46



47

helix coordinated with a zinc atom (Gamsjaegel.€2@07). Each protein is
labeled using its name followed by its species eldation. The extent of
the domain in each protein is indicated by amind aombers on right side
of the alignment. The predicted secondary structisiag SSpro v 4.5 is
shown that BED-type zinc finger has a short extdrgteand E and them
helix H (Figure 1-11).
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ath:AT1G12380 1 HATTHAHTATOOTFFFFPPPPPAPAPPAMDGLTTOELTAKALHERYEGIHTVRTEAVEGE &0
p=:FRO_RICH £ N

ath:AT1G12380 61 GAWYWTHLEPILVENTDTGLPEAVELRCSLCDAVFSASNPSRTASEHLKRGTCENFNSVT 120
pf zf-BED ¢ 3

ath:AT1G12380 121 PISTITPSPTSSSSSPOTHHRERNSSGAVTTAIPSELNPPPIGGSYHVTPITVVDPSREC 180

B. C.

11 10 20 =0 a0 s1
ath: Ab1g12380 (1) —MATTHAHTATQOQTPPPPPFPPP APAPP ANDGL TTDEL TAK ALMERYEGLI
athi AT1GAZET0 (1) MATTTHATTTATOQQTOTQS PTQOPS ———————— AFEL ATE ALOQKRYEGLIT
Section 2 . R . .
52y 52 50 70 50 20

ah: Ab1912380 (51) TVRTKAVEKGKGAWYW THLEP ILVRNTDTGLPKAVELRC SLC DAVFS ASNPS
ath: AT1GE2570  (44) MVR TEAVKGEGAVYWSHLEF ILLHNTDTGFPKAVELRC SLC DAVFS LSNPS

Section 3 Atbrzi1
(103) 102 110 120 130 140 153 at1g12380 —
Ah: Ab1912380 (102) RTASEHLKRGTCPNFNSV T-PISTITPSPTESSSSPOT HHR KRMES GAVTT
ath: AT 1GE2870  (95) RTASEHLERGTCPNFNSLPEPIS TISPSPPPP———PSSSHRERMSS AVELL
Section <
(154) 154 180 ] 180 190
ath: Ab1912380 (152) AIPSRLNP PP IGGSYHV TP ITUVVDPSRF CGGELHYS TF PPP QHLNL SGGED
ath: AT 1662870 (143) NHHHHHPHHHHOGS YNV TPLSVY DPSRFCGOFPVTQQP ——— ~HLHL SGGED
Section S

(208) 205 0 220 230 240 255
ath: Ab1g912380 (203) DLGPLAMLEDSVEELESPEPSOTOSLTRSQIESALDSL SDUWVFESCGIVSL

ath: AT 1G62870 (190) DLGPL ANLEDSVEKL KSPRTS0TRNL TRAQTIDSALDEL SDWVF ESCGEVEL
ection &

&) 255 270 250 280 308
ah: Ab1g12360 (254) SGLEHPKFRAFLTOVGLF IISKRDFATTRLDLEKHEE AR AEL ESRIRDANFF
ath: AT 1662670 (241) SGLEHPKLRAFLTOWGLE ITSRRDFV TGRLDLKYEDSRAELAESRIHDAMEF
Section 7

(307 307 320 330 340
ath: Ab1912380 (305) QISSDGWHPGESGES LVNL IWHNL PNG TSLTRRAVLWNG AWF SHYAEEVLLE
ath: AT 1662670 (292) QIASD GWKFDSSGENLVIILIVNL PNG TSLYRRAVFVIG AVE SNTAEEVLWE
Section 8
358) 356 ) 360 F90 408 at1g62870—
ahi Ab1g12380 (356) TWHGICGNSP QRCYG IVSDKFETKAL RNLESQHOW MV LSC OF QGLINSLTE
ath: AT 1GE25870 (343) TUYRGICGNSPORCYGIVSDRFMS KAL RNLES QHOWHMVN LSC QF QGFMSLIR
(409) 109
=rh: Ar1912380 (407) DFVEELPLFESVS ONCVELAKF INNT AQ IFNAHCKY QL QEHGE S IMLRLFL
ath: AT 1GB2570 (394) DFVEELFLFESUVSOSCSRLVNFVNST AQIRNAVCKYOL OEQ GE TRELHLFL

Section 10
(4600 160 470 430 290 500
=th: 41912380 (458) HCY YDDERRSCESESSSGSNKVCF YEP LFNLLEDVLE 84 RAL OLVVEDD ACK
ath: AT 1GE2ET0 (445) Do—m ——m —mm —— —— §-—--2--—-LFEFLYNLLEDVLSFARAI OQLVMHDDVCE
Section 11
5113 511 520 =30 540 550 551
ath: AF1g12:380 (S09) V7L MEDHMAREVREMYVGDEGFUNEVE AVHAL IKLVEEN LRR TEEEKLLVGQ
ath: AT 1G62570 (477) AVLMNEDHMAREVGEMVGDVGFUNEVE AV YLLLELVKEN ARR IEEERPLVGO
Section 12
(562) 362 570 580 590 500 512

ah: k1912380 (560) CLPLWDELRAKVEDWDSKEFNV-GEGHVEEVVERRF KKS YHP AWAALFILDP
athi AT 1G62670 (5268) CLPLWDELERSKIKDW YAEFNWVEERQVEE IVERRF KES YHP AWALAF ILDE
Section 13

613) 313 20 B30 £40 B850 BE3
ah: Ab1912380 (610) L¥L IRDSSGKYLPFFKCLSPEQEKDVDEL ITRLVSRDE AHT AL MELMEWET
ath: AT 1G82&70 (579) LYL IKDSSGEYLFPF KCLSP EQE KDV DEL ITRLVSRDE AHI AMMEL MEWRET
Section 14

(664) 369 570 680 590 7oo 714
ah: At1912380 (661) EGLDFMYLRAVOMKE RDP VS GKNRIANFQSSRELVWE TY LSE FRSLGKV AVE
ath: AT 1G62870 (630) EGLDPVYARAVOMKE RDPVSGHMRIANPQSSRELUYWE TY LSE FRSLGRYVAWVE
Section 15

(715) 715 720 730 740 750 765
ah: 4t1912380 (712) LIF LHATTGGFRCNS SLLKUVNSNGRSHAAVD RAQKLLF 15 ANSKF EREDF
ath: AT 1662670 (681) LIFLHATS CGFHCNS SVLRVVNENGRESRAAVD RAQKLIF IS ANSKF ERRDE
Section 16
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ath: AE1912380 (763) SNEEDRDAELLAMANGDDHMLND VLV DTS SV —
ath: AT 1G&2570 (732) SHEEERDAELLAMANGEDDVLNDVLIDTS SV —

Figure 1-9. Prediction of Znf motif in ATBRZI1 Gene

ATBRZI1 protein map with the prediction d&, Zinc finger BED-type
motif comprises with 53aa sequenBeg;Alignment of ATBRZI1 with NCBI,
other identical gene (At1g62870) carrying BED tygec finger motif has
positive identities with 86%, Position of two similar gene at1g12380 and
at1g62870 in the acrocentric region of the chromusad of Arabidopsis
thaliana
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" E-
A Identity Score
Accession p iy Name Status  Local Alignment Protein Name . Organism - "9 ()" (max) ‘(’,:I,':S
QILNAS8 QILNA8_ARATH : . F5011.10. Arabidopsis. 856 100 1726 0.0
thaliana
(Mouse-ear
cress)
Q9LQ19 Q9LQ19_ARATH . . F16P17.2 protein  Arabidopsis 762 77 1198 0.0
(Putative thaliana
uncharacterized (Mouse-ear
protein At1g62870).  cress)
A7QYTO A7QYTO_VITVI . . Chromosome Vitis vinifera 774 65 1029 0.0
undetermined (Grape)
scaffold_254,
whole genome
shotgun sequence.
A5BUB2 A5BUB2_VITVL _— . Putative Vitis vinifera 885 65 1017 0.0
uncharacterized (Grape)
protein.
A7QGS9 A7QGS9_VITVI - . Chromosome Vitis vinifera 762 60 944 0.0
chr16 scaffold_94, (Grape)
whole genome
shotgun sequence.
A5C721 ASC721_VITVI - . Putative Vitis vinifera 762 60 942 0.0
uncharacterized (Grape)
protein.
A2X4D6 A2X4D6_ORYSI — Putative Oryza sativa 810 52 810 0.0
uncharacterized subsp. indica
protein. (Rice)
Q6EQZ3 Q6EQZ3_ORYS] — I - Putative Oryza sativa 810 52 809 0.0
uncharacterized subsp. japonica
protein (Rice)
OSINBa0055113.10
(Putative
uncharacterized
protein)
(050290450000
protein).
A9TGN7 A9TGN7_PHYPA — I - Predicted protein.  Physcomitrella 734 54 777 0.0
patens subsp.
patens
A9SS37 A9SS37_PHYPA — I Predicted protein. Physcomitrella 733 53 775 0.0
patens subsp.
patens
A9RQ46 A9RQ46_PHYPA — Predicted protein. Physcomitrella 747 51 758 0.0
patens subsp.
patens
A9SQU5  A9SQUS PHYPA — I Predicted protein. Physcomitrella 742 53 755 0.0
patens subsp.
patens
QO01MG9 QO1MG9_ORYSA — - 0S1GBa0107A02.7 Oryza sativa 770 52 754 0.0
protein. (Rice)
A2XR40 A2XR40_ORYSI — - Putative Oryza sativa 770 52 754 0.0
uncharacterized subsp. indica
protein. (Rice)
Q7F932 Q7F9)2_ORYS] — - 0SINBa0013A04.12 Oryza sativa 770 52 753 0.0
protein (Putative subsp. japonica
uncharacterized (Rice)
protein)

Figure1-10. Blast search for ATBRZI1 protein.

The ATBRZI1 protein was blast search in web (hitygta.uniprot.org)
more than 40 percent identity hit was recorded tfog analysis. The
putative gene ofATBRZI1 Arabidopsis is mainly found two important
economic planOryza sativa and Vitis vinifera. In all blast protein ZnF-
BED motif is located at the N terminal of the gene.

49



50

vV Vv v v
28D type-AT1g12380 [y e o NS B - KON - S R OO < R
Predicted Sec. structure CEEEEECCCEEEEECCTTCC HHEEEEEEMHHHHEECCCTCHHHHHHHHTTCCC
AgRQ46_PHYPA LL HLEK
AngUS_PHYPA LL HLEK
A95537_PHYPA LL HLK
AgTGN7_PHYPA LL HLK
Q9LNA8_ARATH LE HLK
©9LQ1S ARATH LE HLK
R7QYT07VITVI LE HLK
R5BU527VITVI LE HLK
R?QGSgivITVI LE HLK
A5C721_VITVI LE HLE
Q6EQZ3_ORYSJ LE HLK
A2X4D6_ORYSI HLE
QOlMGg_ORYSA HLE
AzXR40_ORYSI HLE
Q7F9J2_ORYSJ HLEK
A?QJ73_VITVI HLR
ASCBE4_VITVI HLR'

t EE X R XX ) * % *:*_ s oE . . = * % * **********:***:**:****
consensuss 80% Cs5¢s544a8s4all sl 5§ AS55515 CSS5C| CS5 1555 &@5655555C565CaA[CC555554

| = =
e e P Wi i Wi P Wi P Wi i Wl D Wl P’ Wi’ |

| T e O e O T s e B e s

[
3.

K
K
K
K
K
K
K
K
K
K
K
K
K
K
K
R
R

Figure 1-11. Multiple alignment of the BED-type zinc finger domain

The alignment was constructed by parsing the higbmsing pairs
generated in ClustalW followed by the gene sear¢h#p://beta.uniprot.
org). Each protein is labeled using its name fodwby its species
abbreviation. The extent of the domain in each giwnois indicated by
amino acid numbers on right side of the alignm&he secondary structure
predicted using SSpro v 4.5 program (http://wwwicsedu/~baldig/
scratch) is shown above the alignment with Hddmelix, E for extended
strand, T for turn and C for the rest. The shadéngccording to the 80%
consensus using the following convention: ¢, corestregions (gray and
dark gray); s, small residues (violet red); a, abmresidues (golden
yellow). The zf-BED protein is arranced in Cys-Gys-Cys maner which
is similar to the classical type of ZnFs (Gamsjaege al. 2007).
Abbreviations: PHYPA Rhyscomitrella patens subsp. Patens); ARATH,
(Arabidopsis thaliana); VITVI, (Vitis vinifera,); ORYSJ, Qryza sativa
subsp japonica); ORYSIOfyza sativa subsp indica); ORISA (ryza
sativa).A multiple sequence was analyzed with the web
(http://beta.services.uniprot.org/clustalw).

50

88
88

B8
178
109
8.7
97
96
96
103
103
109
109
109

91

of



51

C1.5. Constructs

A 100% homology fragment of the Zinc finger motif the ATBRZI1
gene was amplified using the primers Atbrzil_HanbF CTGGATCCTC
GAGAAAGGCGCGTGGTATT G Atbrzil_ Hani-R:5-CCGAATTCATC
GATAGAGTTGAAATTAGGACA-3' and assembled into the RNAI

cloning vector pHannibal (Wesley et al. 2001) ims® and antisense

direction separated by a 900 bp intron (Figure 1B)2 The assembled
sense and antisense both fragment of interest igeheling the promoter
and OCS terminator region of the pHANNIBLA vctor svdigested with
Sacl and Pstl and cloned into the multicloning site of the binaector
pCAMBIA1302 (Figure 1-12 C) All the constructs wecenfirmed by
digestion with respective restriction enzymes aegusncing (Figure 1-12
D-F). ATBRZI1 silencing construct was transferred Aoabidopsis Col-0
usingAgrobacterium mediated transformation floral dipping method.

cDNA overexpression construct was generated obittey vector pRR
2222. A 2382bp ofATBRZI1 gene fragment was amplified from Col-0
cDNA, using primers forward Atbrzil cDNA-F: 5-TCAKRAGTCTCGAG
GATGGCGACGACTAACGCTC-3' and reverse Atbrzil cDNA-R5'-
TCGGATCOGGCGCGCCTGTCACACTGAGGACGTATC- 3. RT-PCR
amplified product was purified using Gel extractibin (QIAGEN) and
subsequently, digested with restriction enzymdwl and BamHIl and
ligated into the bianary vector pRR2222 using T4 ADNgase (NEB)
(Figure 1-13 A). The successive construct was cmefil by PCR screen
and digestion (Figure 1-13 B-CEDNA overexpression construct was
transferred to Arabidopsis Col-0 using Agrobacterium mediated

transformation floral dipping method.
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A 2379 bp of ATBRZI1 fragment except stop codon primers
Atbrzil_GFP Fand Atbrzil_GFP R:. The fragment wagested with
EcoRl and BamHI and fused to the enhanced green fluorescent protein
(EGFP) gene in pEGAD binary vector (Figure 1-14 Ahe successive
clone was screened using methods PCR and digestitn respective
restriction enzymes (Figure 1-14 B). Following BEP fusion construction,
it was transferred tdrabidopsis Col 0 usingAgrobacterium mediated
transformation floral dipping method.
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BED-type zinc finger
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Figure 1-12. ATBRZI1 RNAI Construct

(A). A 177 bp PCR fragment of Znf BED-type motif ammdi form the
cDNA of Col-0. (B).The amplified fragnment was déged withXhol and
EcoRl for sense andamHI and Clal for anti sense cloning and cloned
after the35S promoter for sense and before OCS terminator tisemse
manner into the vector pHANNIBAL cloning vector.r8e and antisense
clone is separated by 900 bp intron..(@)e RNAI construct includin85S
promoter and OCS terminator region of the pHANNIBLA&tor was
digested withSacl andPstl and cloned into the MCS of the binary vector
pCAMBIA1302 of the same sites. (DRNAI clone in pHANNIBAL is
confirmed by digestion. (ERNAI cloning on pCAMBIA1302 confirmed
by digestion. (F) An electropherogram diagram of RNAIi cloning
confirmed by sequencing
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Figure 1-13. Construction for cDNA Expression

A 2380bp of PCR fragment from the Col o cDNA wasnad on binary

vectory pRR222 in a sense way with the restriceamyme sitexhol and
BamHI. A, Map of pRR 2222 vector (a gift from Hong Ma’s L.alSA) B.

Confirmation of cloning by digestion with restrmti enzymesxhol and

BamHI, C. Cloning was also confirmed by sequencing, a regb the

electropherogram of the sequencing.
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Figure 1-14. ATBRZI1 GFP fusion Construct

A. a 2379 bp fragment (-TGA, except stop codon) amaglified from the
Columbia cDNA using primers Atbrzil GFP F: 5-CCGARCGATG

GCGACGACTAACGCTC-3' and Atbrzil_GFP R: 5-TCGGAT@ACTG

AGGACGTATCGACAAG-3'. The fragment was digested wioRI and
BamHI and fused to the enhanced green fluorescent pr{E&RP) gene in
PEGAD binary vector.B. Successive construct screen by PCRPCR

screened GFP fusion construct was again confirmedligestion with
restriction enzymeEcoRI andBamH].
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Figure 1-15. Construction for Y east-two Hybrid

A. a 2382 bp of whole fragment ATBRZIN gene was amplified from the
Col-0 cDNA and colned into thestl andSacl site of the pPC62 bectds..
Successive construct screen by PCRPCR screened constructs were

again confirmed by digestion with restriction enagRstl andSacl.
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C1.6. Phenotypes of atbrzil Mutant

The T-DNA insertion into the promoter region of tAglg12380 gene
made changes in phenotypes of Anabidospis. In brassinazole, thatbrzil
mutant was found insensitive and the length of bygpds was neary
double than the wild-type (Figure 1-16 C-D). In #i®sence of brassinazole,
the hypocotyls length of dark grown mutant was fbgmmilar to wild-type
(Figure 1-16, A-B).

Root growth assay was performed by germinating seédtbrzil and
wild type on one half strength MS media and plapkdes vertically in
growth room. Root length was measured 7 days gé#anination at light.
Root length of theatbrzil mutant was found longer than the wild-type
(Figure 1-17 A-C). This result confirms that thengTBRZI1 promotes

the root elongation.

Next, we also compare the morphology of the mutamd wild-type
plant. The plant height of thatbrzil plant has taller than the wild-type.
(Figure 1-18, A-B). The leaf phenotype of the mutaralso differing from
the wild-type. The mutant leaf has long petiole awhrd shaped leaf
lamina and waxy leaf surcace. No of trichomes aweef in theatbrzil as
compared to wild-type (Figure 1-18 C-D). Intereghyn the terminal flower
of the mutant was not found at the maturation, evimlwild-type it is found
in acropetal manner (Figure 1-18 E-F).. The numbésliques were also
found 1.5 times more than that of wild type (dat&shown).
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Figure 1-16. Effects of brassinazole on atbrz1 hypocotyl elongation

Arabidopsis seeds were germinated and grown on dteéhgth MS as
control and half strength MS containing @M Brz a brassinosteroid
biosynthesis inhibitor for 7 days in dark. Then bgptyls carefully
transferred into another MS plate and photograps taken and scanned
for measuring A-B: Arabidopsis seeds were germinated in half strength
MS media for seven days in daf&:D: Arabidopsis seeds were germinated
in half strength MS media containingu® Brz for 7 days at darlatbrzi1
mutant is 100% insensitive to the brassinazoleamspared to WT. Each
data point represents the average hypocotyls efimmgaf 40-50 seedlings
of three duplicate experiments. The error bar s the SE. All the
hypocotyls were measured as described in “MateaiatsMethods’.
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Figure 1-17. Root growth experiment

Invitro root growth experiment witrabidopsis atbrzl homozygous line
compared to its wild type ecotype CoR0.Wild type ecotype Col @B.
atbrzil mutant.C. Average root length of Col0 aralbrzil. Arabidopsis
seedlings were grown on half strength MS media lagipg vertically in
growth room. Root length was measured 7 days gé#amnination at light.
Each data represents the average root length & 80 seedlings of three
duplicate experiments. Error bar represents the S&ed sterilization,
growth condition and root measurement that was dmhalescribed in

“materials and methods”

60



Figure 1-18. atbrz1 plant phenotype

atbrzil mutant produced by activation taggingAirabidopsis ecotype Col O.
(A) Wild-type plant (B)atbrzi1 plant;.C-D:, Rossette leaves of 4 week old
wild type (C),atbrzil (D); E-F: are inflorescence top view of wild type (E),
andatbrz1 (F). All compared images were taken under the same

magnification.
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Discussion

D1.1. Mutant Screening

After the completion ofArabidopsis genome sequence, (AGI 2000) the
challenge for plant biologist is to understandfilngction of all the genes in
the Arabidopsis genome, and their mechanism underlying the devedopm
of plant (Chory et al. 2000). Recently TAIR8 rele@s27,235 protein
coding genes, 4759 pseudogenes or transposableerdgkenand 1288
NncRNAs (33,282 genes in all 38,963 gene modelsp:(hwvw.
arabidopsis.org). A total of 1291 new genes and9208w gene models
were added. Updates were also made to 3811 germtusas of which 625
gene models had CDS updates, a total of 4007 exens modified and
683 new exons incorporated. There were 33 gents spid 41 gene merges.
Overall 23% of all existing TAIR7 genes (7380 genesre updated
(includes split, merged and deleted genes as wgelbeus type changes,

structural updates and sequence updates) for TAIRS.

The manner of systematization screening and eshabént of useful
resource for future, a modified pooling architeetuvas designed as
suggested by (Feldmann & Marks 1987; Krysan, Yo&rfgussman 1999).
Activation tagging is a common approach to genenat¢ants for specific
trait of interest. In this study, populations of,d@ T-DNA transformed
lines were established and organized by simpléestyeoutlined in (Figure
1-2A). The collection lines were created by usiAgabidopsis ecotype
Columbia transformed with a derivative of the pSKG0T-DNA vector that
carries tetramerized CaMV 35S enhancer sequencdseai-DNA right
border (Figure 1-3 C).
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Between the 1800 and 2000 seeds for eacld 6@0mm sized plates
were placed onto half strength MS media contairf#@gg/L glufosinate-

ammonium (Basta, SIGMA). Plates were synchroniahg°C for 4 days

and placed at growth room at 21+2°C under Iig(Gs—lOOpE/sec/rrzl) with

a 16-hr light and 8-hr dark photoperiod for thengeation. Twelve and
fourteen days after the germination, successivéabasistant seedlings
were hand transferred ®oil with eight seedlings per 8x12xm sized pot.
150 mutants that are defective in normal phenotypexe screened iniT
generation. These mutants were screened on the diabroad classes of
plant phenotype categories of: number of rosetigds, color and size of
the leaf, leaf margin, length of the petiole, plaetght, flower and silique

shape and size, flowering time, and branching obsfAppendix | and II).

In case of brassinosteroid hormone signaling rélatatant screening, a
conditional screening was performed using brassiealzy establishing a
pool organization system as designed in Figure Tansidering the
limitation of manpower and space, Seeds pfdneration were collected in
bulk from each pot containing eight plants and gaaene “pools of 8”
because each pool represents seeds collected figith independently
transformed parent lines. For considering the cobtscreening in
brassinazole, a pool of 48 was created. This pbdBas the batch of seed
that was derived from 48 independently transforrpacent plants. These
pools of 48 were created by scooping equal pomioseeds (~5mg Table
2B) from 6 separate pools of eight into the single amwtr. In this manner
entire population of 10,000 T-DNA insertion lineen® reduced to an
ordered collection of 208 pools of 48. Seeds frdva €ach 208 unique
pools of 48 were then germinated onto half streihmedia containing 3
uM brassinazole for 7 days in dark.
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Brassinazole is a triazole derivatives that inkibibtrassinosteroid
biosynthesis and has been shown to be useful feestgating
brassinsoteroid function in plants (Asami & Yoshiti299). In both light
and dark brz induced morphological changes and weikfied by the
addition of brassinosteroid hormone brassinolidekiiBata et al. 2001). In
dark brassinazole treatédabidopsis plant develop as light grown response
and express light-regulated genes (Asami et al0OR0@ this screening,
instead of 1uM as used by (Sekimata et al. 2001) we used13brz with
the consideration of reducing the no of semi-ingemslines, manpower
and growth room space. In this order, from the jatpmn of 10,000 T-
DNA insertion lines we exhaustively screened 4G to brassinazole
insensitive mutants inzIgeneration (Figure 1-5). Again, a pool was made
from 46 putative brassinazole insensitive mutantsscreened on8M brz
and isolated a tallest brassinazole insensitive ind named the mutant
atbrzl.

To identify the genes responsible for the mutarnolypes, the sites of
the T-DNA insertions were characterized. The jurctietween the T-DNA
and Arabidopsis genomic DNA was determined by thermal asymmetrical
interlaced (TAIL)-PCR (detail in Materials and Metts). T-DNA insertion
of the right border (contains the 35S enhanceroregji was positioned at
the 5’ end of the predicted genes, as illustrate&igure 1-8. TAIL-PCR
sequencing results reveals that the junction of 42Nd T-DNA insertion
in atbrzil was predicted at the 48102 bp poison of the BAC1ES6f the
chromosome. This promoter region is shared by texveg Atg12380 and
At1g12390 (Figure 1-8B The direction of T-DNA insertion was identified
using genotyping PCR with genomic flanking primerdaT-DNA left
border primer (skLB2). Genotyping PCR results sholed T-DNA right
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flank is inserted towards the at1g12380 gene. Gpimuy PCR was
performed on gDNA extracted from eight lines of thatantatbrzil. Out

of eight lines 3 were found hemizygous and 5 wemadeygous insertion
(Figure 1-8C).Next, we attempted Reverse transcription based fROR
PCR) to identify the expression level of neighbengs. RT-PCR result did
not show the different expression level as compévedild-type (data not
shown). After therATBRZI1 gene was analyzed on blast search on TAIR
and identified thaATBRZI1 has homology with another gene At1g62870
located at the opposite distal end of the samenchsome (Figure 1-9 B
and C).Next, bioinformatics analysis was applied to prethe structure of
At1g12380 gene for showing brassinazole resistaahptypeatbrzil gene

is located at the N- terminal acrocentric regiontle® chromosome 1,
encodes 793 amino-acid named unknown protein, fmger-BED type
predicted (www.arabidopsis.org). A 158 bp of zinggér BED-type motif

is located at the N-terminal region after the PR@HR motif
(PPPPPPPPPAPAPP) of th€BRZI1 gene (Figure 1-9).

Since the occurrence of duplicate gene having arityl with 86% and
same motif in an acrocentric manner at the twoabignd of the
chromosome | (Figure 1-9 @)is hard to predict the function &TBRZI1
gene by simply mutant analysis. To know the roleZnF-BED-type we
cloned this motif in RNAI approach (Figure 1-12)dammansferred to the
wild-type. BLAST result using SSpro version 4.5riduhat ZnF BED-type
motif is occurred in many plant species in a dgtécor more patterns at
the N-terminal region of the particular geifeigure 1-10). Secondary
structure of the BED-type zinc finger was also poed using SSpro
version 4.5 reveals that it is has short extendieshd E and then helix H

(Figure 1-11). The predicted secondary structurm isoordation of Cys-
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Cys-His-cys manner that is similar to the classitr#fs comprise a shoft
hairpin and am helix coordinated with a zinc atom (Gamsjaegerlet
2007)Figure 1-1

Zinc finger was first reported by (Miller, McLachia& Klug 1985) a
repeated zinc-binding motif, containing conservgdteine and histidine
ligands, inXenopus transcription factor IIIA (TFIIIA). Since then many
other zinc finger motif, widely in structure andchfition ranges form DNA
or RNA to protein—protein interactions and membrassociations have
been identified. In addition to their roles as aAdbinding module, ZnFs
are now known to have additional activities suclRAEA and other protein
interactions. Zinc fingers are reporting extremelgundant in higher
eukaryotes as progress on genome sequencing @retiff species. N-
terminal DNA-binding domains of proteins like DREBEAF32A showed
shared pattern of cystine and histidine which cdolin metal-chelating
structure highly conserved with aromatic positimeamed as BED finger,
after the BRAF and OREF (Aravind 2000). Classical Znf is coordinated in
Cys-Cys-His manner. BED-type zinc finger of ATBRZIAas also
coordinated in same manner (Figure 1-17 B)is kind of ZnFs has been
shown to interact with RNA and DNA/RNA heteroduptexwith high
affinity, although no biological significance of teeoduplex interactions
has yet been established (Shi & Berg 1995).

D1.2 Possible involvement of ATBRZI1 in brassinosteroid
Signaling

Polyhydroxylated steroid hormones are widely disitéd in nature and
have been identified in fungi, plants and anim#ler( et al. 2005). Steroid
hormones play key roles in growth and developmentmalticellular
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eukaryotes. Plant steroid hormones called Brassrmds (BRs) are small
growth promoting molecules found at low concentragdi throughout the
plant kingdom that are involved in diverse procesgh as stem elongation,
vascular differentiation, male fertility, timing ekenescence and flowering,
leaf development and resistance to biotic and mbsdtess (Li, J & Chory
1997; Clouse, Steven D. & Sasse 1998; Altmann 19%Bripach,
Zhabinskii & de Groot 2000).Plants lacking a type of steroid-
brassinosteroid are likely to be dwarfed with cdrleaves and exhibit an

ineffective growth pattern in the dark.

Unlike animal steroid hormones, which are mainlycpeved by nuclear
receptors, plant steroid hormones are recognizetheatcell surface by
BRASSINOSTEROID INSENSITIVE 1 (BRI1) a leucine-richepeat
receptor kinase (LRR-RK) (Li, J & Chory 1997; HegFal. 2000; Wang,
ZY et al. 2001)BRI1 is an extracellular domain annotated with pried
putative N-terminal lucine-zipper followed by 24 RR, a single
transmembrane domain, and an intracellular sehireshine kinase domain
followed by a short C-terminal extension. Howeweverall structure of
BRI1 is representing a receptor kinase (Li, J & §ht997).BRI1 is the
major BR-binding activity of Arabidopsis. The minimal BR-binding
domain is a 94—-amino acid subdomain that incluthes 20 amino acid
“island” just proximal to LRR20 and the atypical RRLRR21 (Kinoshita
et al. 2005).

Direct binding of the brassinolide (BL), a most activassinosteroid, to
the extracellular domain of BRI1 activates and @aned homo-oligomer.
Auto or trans-phosphorylation of the C-terminusBRI1 then enhances
kinase activity and affinity of BRI1 for BAKL1, itgroposed co-receptors (Li,
J et al. 2002; Nam & Li 2002; Wang, X et al. 2008&ng, X et al. 2005b).
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In the absence of steroids (BRs) BK1, a plasma manebassociated
protein, interacts directly with the kinase domainBRI1 to negatively

regulate the signaling pathway (Wang, X & Chory @00

Binding of BRs topreformedBRI1 homo-oligomers triggers the rapid
dissociation of BKI1 from the plasma membrane (WaXget al. 2005b;
Wang, X & Chory 2006). Subsequently, BRI1 autoplhasplates and
associates with second LRR-RK called BAK1 (BRIleassted receptor
kinasel) (Nam & Li 2002; Russinova et al. 2004). KBAhas a short
extracellular domain comprising five LRRs and laths critical 70-amino
acid ‘island” domain responsible for BR binding (Vet al. 2005). It has
been proposed that the physical interaction betvia#ii and BAK1 leads
to the formation of a signaling component heteigavher (Li, J et al.
2002; Nam & Li 2002; Russinova et al. 2004). AltbbuSERK1, a BAK1
homolog, also found interacts with BRI1, and geme&tkperiments have
implicated this protein in the signaling pathwaa(kva & de Vries 2006).
Thus, the function of the SERK family in BR sigmglimay be to facilitate
the entry of BRI1 into these intracellular compagtits. In addition to the
plasma membrane, a signaling-competent BRI1-BAKigroeligomer was
detected in bonafide endocytic compartments oftghantoplasts (Karlova
et al. 2006). However, physiological role of an eswme-localized BRI1-

BAK1 hetero-oligomer is not known.

The signals transmitteéfom the plasma membrane-localozed BRI1-
BAK1 hetero oligomer negatively regulate the atyiviof Glycogen
Synthase Kinase 3 (GSK-3; also known as Shaggy Hikases), called
BIN2 (Li, J et al. 2001b; Li, J & Nam 2002). Althgla the mechanism is as
yet uncharacterizedjngle loss-of-function alleles revealed no efettBR
signaling (Belkhadir, Wang & Chory 2006; Vert & Qlga2006), reduced

68



69

expression of the entire subfamily results in @antith enhanced BR
responses, supporting a role for these three lsr@s@egative regulators of
BR signaling (Vert & Chory 2006). BIN2 localizes maultiple subcellular
compartments but appears to exert its largesttsffat BR signaling when
it is retained in the nucleuslnactivation of BIN2 leads to the
desphosphorylation of BES1 and BZR1, members ava family of plant
specific transcription factor (Wang, ZY et al. 20@2n et al. 2002; He, JX
et al. 2005; Vert & Chory 2006). BES1, and likebher family members,
are further dephosphrylated through the activityaohuclear localized
klech-containing protein phosphatase BSUl1 (BRIlpsegsor 1) (Mora-
Garcia et al. 2004)BSU1 was identified as a dominant suppressor of a
weak bril mutant (Vert et al. 2005; Belkhadir, Wang & Chdz006).
BSU1 overexpression substantially suppresses tharfdwhenotypes
associated with either the bril or bin2 mutationsich suggests that BSU1
is a positive regulator of BR signaling that acts tbe same process or
downstream of BIN2. BSU1 encodes a nuclear-locdligerine-threonine
phosphatase with an N-terminal domain comprisiniziiKeepeats. Loss of
BSUL1 function has no effect ofwrabidopsis, but when the expression of
BSUL1 and three related genes is reduced by RNAf@n&nce, the resulting
plant is dwarfed (Wang, ZY et al. 2002; Li, L & DgeR005). The substrates
of BIN2 and BSUL are likely to be a family of plesgecific transcription

factors.

Thereforerecent models propose that the balanced activitieBIN2
and BSU1 directly control the phosphorylation steteBES1 and BZR1.
BIN2 induced phosphorylation of BES1 inhibits itartscriptional activity
through impaired multi merization and DNA bindingtigity at BR-

responsive target promoters. In contrast, in tlesgmce of BRs, BES1 and
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BZR1 are dephosphorylated by the combined inaatinaif BIN2 and the
phosphatase activity of BSU1, which allows them tomo-or
heterodimerize and bind more efficiently to the BRRponsive elements to
either positively or negatively regulate BR-respeagarget genes (Li, L &
Deng 2005; Vert & Chory 2006).

Next, all theabovedata suggest that dephosphorylated BES1 is then ab
to form homo or hetero-dimers with the basic h&ap-helix (bHLH)
transcription factor BIM1, to bind E-box elementsthe promoter of BR-
regulated genes (Yin et al. 2005). Then dephosjétex BZR1 binds to a
novel element in the promoter of BR biosynthetioage to repress their
expression (He, JX et al. 2005). Because BES1 96 B@ntical to BZR1,
and then it is expected that BES1 and BZR1 willehbwoth activating and
repressing activities (Li, L & Deng 2005).In summaBrassinosteroids
bind to receptors at the plant cell surface antiaiei a signaling cascade
that involves nuclear factors including BZR1 andRBZ (He, JX et al.
2005; Sablowski & Harberd 2005) have now charamteriaspects of the
signaling pathway for brassinosteroids in detaill dind that BZR1 is a

DNA binding protein that functions as a transcoptl repressor

Only the BRI1 locus was defined by loss-of function mutationatth
caused BR-resistant dwarfism; however, severaltiaddi components of
the pathway were identified by analysis of gairfwiction phenotypes or
plants with increased sensitivity to BRs. In thiady we also isolated a
mutant namedatbrzil from activation taggingArabidopsis a gain of
function approachatbrzil mutant shows insensitive to the brassinazole a
brassinosteroid biosynthetic inhibitor (Figure 1-@Q@). Results of TAIL-
PCR, genotyping PCR and bioinformatics analysistified thatatbrzl
has features of Zinc finger BED-type binding matifthe N-terminal region
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of the ATBRZI1 gene. The role of zinc finger motdr brassinosteroid
hormone signaling is not characterized yet. Howewas known that zinc
ion has crucial role to stabilize the structuresofall domain, with out the
zinc ions, the domains unfold. The folding of smglbbular domains
within gene regulatory proteins is required for wswce-specific DNA
binding, an event that underlies gene expressioallitkingdoms of life

(Spolar & Record 1994). The formation of zinc-ligacoordination bonds
provides the major driving force for the foldingtbese mini-domains that
lack an appreciable hydrophobic core (Berg & God¥d87).

After reviewing the brassinosteroid hormone signaling pathways,
suggest thaBteroid receptors are the first members identified group of
transcription factors in which the protein is aated by binding a small
hydrophobic hormone. The activated factor beconwslized in the
nucleus, and binds to its specific response elemghere it activates
transcription. ATBRZI1lhas a BED-type zinc finger DNA-binding motif
that is located in the N-terminal region of the g@dRigure 1-9A) It has
HLH (helix-loop-helix) type os structure (Figure 1-Mbich is similar to
the structure of classical type of Zinc finger (g 1-19A). The
dephosphorylated BES1 is then may able to bind Witlid (helix-loop-
helix) form as like in BIM1 of the zinc finger BEBype motif and this
protein has amphipathic helices that are respamsibt dimerization
adjacent to basic regions that bind to DNA. Thiphadesphorylated BZR1
binds to Zin finger motif could be a novel element brassinosteroid
hormone signaling (Figure 1-20). Further, it is §gebe confirmed whether
ATBRZI1 is responsible to bind from the dephosphorylate®RBor to the
other site. Results form RNAi and GFP will makettier clear about the
involvement of Znf BED type motif in BR signaling.
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A
Family Zinc-ligation Structure Function/Binding targets
Classical/C2H2 C2-H[CH] Classical BBa. | DNA, Protein, RNA
GATA Cc2-C2 Treble clef GATA sites, protein
Nuclear hormone | C2,-C2,-C2,-C2, Treble clef DNA
receptor
FYVE C2,-C2,-C2,-C2, Treble clef (x) | Lipid
Protein kinase C | H,-C2,-C2,{H/D]C,-C, Treble clef (x) | Phorbol esters, diacylglycerol
RING C2,-CH,-[C/HIC,-C2, Treble clef (x) | Ubiquitin ligation, protein
LiM C2,-[H/C]2,-C2,-C[C/H/D], | Treble clef Protein
PHD! C2,-C2,-HC,-C[H/C], Treble clef (x) ]| Protein, ubiquitination.
TAZ! HC,-CC,-HC,-CC-HCCC_ | TAZ Protein

Treble clef (x)
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Figure 1-19. Featuresof zinc Fingers.

A. ClassicalznFs: according to (Matthews & Sunde 2002); Uppasses of

ZnFs and zinc-binding ligands; Bottom, Examplestaficture

B. Structureof BED-type zinc finger located iNTBRZI1 gene.
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Legend
) extracellular
Plasma membrane (PM)
_J) PM translocation
Cytosol
D) Cytosolic translocation
_) Cytoskeleton
Nucleus

Nuclear translocat

Figure 1-20. A purposed moded for BR signaling in addition to ATBRZI 1

The BZR1-BES1 family of transcription factors regpals BR-responsive
genes inMArabidopsis. BR perceived by the receptor kinase BRI1 and BAK1
at the plasma membrane initates the BR signal drart®on pathway that
leads to dephosphorylation and accumulation of BARdl BES1 in the
nucleus. The phosphorylation state of BZR1 and BES&gulated by the
counter actions of the BIN2 kinase and the BSU1sphatase. BZR1 and
BESL1 represent a class of plant-specific trangonptactors that bind to
and activate the promoters of BR responsive genils,the facilation of
other transcription factor BIM1 in the case of BEB¥R1 also specifically
binds to and repress BR biosynthetic genes to @k levels in the cell.
Wheather BZR1 binding requires co-factors sucthasBiM proteins have
not yet been determined. This model is based orkiigdir, Wang &
Chory 2006)
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D1.3. Application and limitations of the Study

In additionto mutant screening performed in this study, tbévation
tagging library (which took almost two and half gemay prove useful in
several contexts. First, this mutant population banused to screen for
conditional mutants (here we already isolated somtants for defective in
root growth, and heavy metal resistant mutants)dbanot occurred under
normal condition. Second the isolated 50 mutantd #re defective in
normal growth and development might be very usdtul the further
research in plant science. Third, the rest 45 matdirassinazole insensitive
mutants that were isolated in this study might gmere clues for the
understanding in brassinosteroid hormone signaiing also could be

strengthen our knowledge on plant growth and deveént.

In conclusion, isolation and analysis of brassitezosensitive mutant
atbrzil andabz126 from activation taggind\rabidopsis displayed the roles
in brassinosteroid hormone signaling. Next, thaldighed mutant library
including 45 additional brassinazole insensitivetants may useful in the

isolation of genes that play roles in plant groatid development.
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Chapter 1
GIGANTEA is involved in brassinosteroid signaling in

Arabidopsis

86



87
Abstract

Brassinosteroids (BRs) are plant steroid hormohes play essential
role in growth and development. The mutant defectn BR signaling
causes dwarfism, male sterility, abnormal vascdéelopment and photo-
morphogenesis. Transition from vegetative to rdpotive growth is a
critical phase change in the development of a ftovgeplant. In a screen
of activation-tagged Columbia iArabidopsis, we screened a mutant that
displayed tall hypocotyls on MS media contained BBssynthetic
inhibitor brassinazole (Brz) in the dark and narakrl26. We have cloned
the mutant locus by using adapter ligation PCR imnglland identified that
a single T-DNA had been integrated into the nintbreof theGIGANTEA
(Gl) gene as being involved in control of floweringhé. This insertion
made loss of function irGl gene caused exhibited phenotype of long
petiole, tall plant height, many rosette leaves katel flowering. RT-PCR
assay orabz126 mutant showed that the T-DNA insertion on GIGANTEA
made loss of mMRNA expression @ gene. In hormone dose response
assay,abz126 mutant showed an insensitive to pacrobutrazoleQRAn
altered response with 6-benzylaminopurine (BAP) bsd sensitive with
Brassinolide (BL) as compared to wild-type. Basedthese results, we
propose that the tall phenotype and late flowenigant abz-126 is caused
by loss of function inGl gene is associated with brassinosteroid hormone

signaling.
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Introduction

Brassinosteroids (BRs) are plant hormones thatuitioigsly distributed
throughout the plant kingdom and play essentiaésoin growth and
development (Clouse 2002; Thummel & Chory 200RR mutants in
Arabidopsis show a characteristic phenotype that includes dsvarfround
dark green leaves, delayed development, reduceddityeand altered
vascular structure (Clouse, Langford & McMorris 9% chumacher &
Chory 2000). In BR deficient mutants, all of thgdeenotypic defects can
be rescued by exogenous application of BRs (Altmab®99),
demonstrating that the plant steroid hormone hasessential role for
normal plant growth and development.

Molecular genetic studies demonstrated that mutaitiosingle locus,
BRASSINOSTEROID INSENSITIVE 1 (BRI1), caused theepbtype of
steroid-deficient mutants but cannot be rescuedrégtment with BRs
(Clouse, Langford & McMorris 1996; Li & Chory 199BRI1 is a Leucine
Rich Repeat (LRR) Receptor Kinase(RK), with an aogtlular domain
containing 24 LRRs and a 70 amino acid island nimtiveen twenty-first
and twenty-second LRRs, a transmembrane domainaaigitoplasmic
kinase domain (Li & Chory 1997). Brassinosteroide perceived by a
plasma membrane-localized receptor kinase Serinedhine Kinase is
encoded byRI1 gene (Clouse, Langford & McMorris 1996)

BRI1-ASSOCIATED RECEPTOR KINASE1 (BAK1) is another
component of the BR co-receptor complex and dowastrtarget of BRI1
(Wang, X et al. 2005). The cell surface receptorake BRI1 and BAK1,

perceive the BR signal and initiate the signalgdarction cascade. The two
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nuclear proteins, BZR1 and BES1 which activate gnoresponse and are
dephosphorylated and stabilized by BR signaling fgy&Y et al. 2002;

Yin et al. 2002). The BIN2 kinase regulates negdyivn BR responses by
phosphorylating BZR1 and BES1 and targeting thendégradation by the
proteasome (Li & Nam 2002; Yin et al. 2002). AnatBSU1 phosphatase,
was recently identified as positively regulator time BR signaling by

dephosphorylating and stabilizing the BES1 prot@tora-Garcia et al.

2004). This suggests BESl1and BZRL1 is found in tietems and modulates
the transcription of BR regulated genes, which keptheck by BIN2, and

fine tune the signal strength. Dephosphorylated BZfds to a novel

element in the promoters of BR biosynthetic genesrdpress their

expression (He, JX et al. 2005). Although, the roal@r target of the BR

signaling pathway is unknown.

In this study, we isolated the late flowering matkom the activation
tagged Col-7, which showed the characteristichefBR signaling mutant
and namedbz126. Further, molecular genetic analysisaiiz126 mutant
shows that T-DNA was inserted in GIGANTEA and maaeckout the
gene. GIGANTEA is a nuclear-localized protein tlsainvolved in several
processes including the induction of flowering loypd days, inhibition of
hypocotyls elongation by red light (Huqg, Tepperng&arQuail 2000), and
the circadian clock (Araki & Komeda 1993; Koornnegfal. 1998; Fowler
et al. 1999; Park et al. 1999; Huqg, Tepperman &ikR2@00). Here, we
identified that GIGANTEA could be either transcribe modify the BR

signaling.
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Materials and Methods

B2.1. Plant Material and Growth Condition

Arabidopsis thaliana (ecotype Col 7) were mutagenized by
Agrobacterium  tumefaciens (strain  GV3101) mediated T-DNA
transformation using the activation tagging veg@8KIO15 (Weigel et al.
2000). Seeds ofIplants that were resistant to basta (20 mg/L) weed
for subsequent experiments. Seeds were surface-sterilized in a solution of
70% ethanol containing 0.05% Triton X-100 by gerghaking for 20 min
and rinsed three times with 95% ethanol and thea fimes with sterile
water. The seeds were resuspended in an appropaduene of sterile
water (until seeds were free floating) before besogn in rows onto agar
plates. The agar medium contained Murashige andgK®62) (MS) salts
((DUCHEFA BIOCHEMIE, The Netherlands) with 1% (w/sucrose and
phytoagar (Sigma), pH 5.8. The plates then werg@ped into three layers
by aluminum foil and placed at@ for 4 to ensure uniform germination
before being placed in growth room for germinatidhe appropriate (two
to three week old) seedlings were transferred tocéaved soil (Sunshine
mix 5, Sun Grow Horticulture, Canada) and growmiaturity in a growth
room. Plants were watered twice a week with 0.1%dthegx solution. The
growth room temperature was maintained at 2Ct1light provided by
cool-white florescent tubes was 50 touBIm>s* (constant) for seedlings
on agar plates and ~10Q®®m?%s*(16 h of light and 8 h of dark) for
potted plants.
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B2.2. Isolation of abz126 Mutant

Approximately 6000 T mutated lines isolated form basta resistant in T1
plants were screened for brassinazole resistantantswsing a hypocotyl
measurement assay. Seeds were surface sterilizedoavn by spreading
on one-half-strength MS medium containing 2 uM $irgazole (brz220)
and kept 21+3C for germination at dark. Seven days after geatron in
dark, tallest a seedling was observed in brz aisdnintant was given name
asabz126.

B2.3. Hormone Assay

For hormone dose response, seeds of the wild-tpdenautants were
germinated and grown on half-strength MS platedasoimg the different
concentrations of plant hormones Pacrobutrazot [@#M, 0.4uM and
4uM)], benzyl aminopurine [BAP (OM, 0.1uM, 1uM antiOuM)],
brassinolide [BL (OM, 1nM, 10nM, 100nM, 1uM and 5)Mall plant
hormones except BL were purchased from Sigma, &itisl). Hypocotyl
lengths of individual seedlings were measured aftdays grown in dark.
Each plate contained at 40 to 50 seedlings of natad wild-type. Three
replicate plates were used for each treatment. ebtyts were scanned and
measured using SCION Image software and values pletied in average
with £ SE.

B2.4. Determination of T-DNA Insertion Site

Genomic DNA was isolated form dark grown 3$eedlings based on
magnetic beads method (BioSprint 96, QIAGEN, USAgaading to the
manufacturer's manual. The prepared DNA samples wigested with

Apol at 50C for 4 hours and purified once with phenol/ chform (v/v)
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and precipitated by addition of 0.1 vol. 3M Na atetand 2.5 vol. of 100%
ethanol kept on ice for 10 min and centrifuged 2®aD rpm for 10 min.
The obtained pellet was washed once with cold 76%n®!| and air dried.
The dried pellet was dissolved inll@f DW. 3ul of DNA was then ligated
with mixed adaptors (5'-GTAATACGACTCACTATAGGGCACGAG
GGTCGACGGCCCGGGCTGC 3', 5-AATTGCAGCCCG-(M8', 5'-
AGCTGCAGCCCG-(NH)-3) and subsequently subjected to PCR and
nested PCR. The first PCR was performed with en@riset of AR (5'-
AGAATACGACTCACTATAGGGC-3') and SKLB1 (5' TCGATCGTGA
AGTTTCTCATCTAAGCCC 3", and the PCR cycle conditonere (94C
for 25sec, 72C for 3 min) x 7 cycles and (8@ for 25 sec, 67C for 3 min)

x 32 cycles. The resultant PCR products were etiliapproximately 30
fold in the second PCR mixture. The nested PCR pexformed with
primers AR (5-TCGACGGC CCGGGCTGCAATTC-3") and SKLB2 (5'-
CCATTTGGACGTGAATGTAGACACGTCT-3") and the cycle cdtidns
were (94C for 30 sec, 67C 30 sec with touch-down of 0G per cycle,
72°C for 3 min) x 8 cycles, (9€ for 30 sec, 6% for 10 sec, 7Z for 3
min) x 25 cycles, and (72 for 10 min) x 1 cycle. The product of the
nested PCR was examined on 1 % agarose/EtBr amsesxte band and
purified using QIAGEN Gel Extraction Kit. Then pfied DNA was sent
subjected for sequencing with the T-DNA LB prim&he sequenced data
was mapped to theArabidopsis genome at the TAIR blast
(http://www.arabidopsis. org/Blast/).

B2.5. RNA Isolation and cDNA Synthesis

Total RNA was extracted using Trizol (Life Techngiles) from 100 mg
of two weeks old leaves dhrabidopsis grown on soil according to the
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manufacturers’ protocol. The concentration of #taltRNA was quantified
in spectrophotometer (Smart Spec 3MBI@M-RAD, USA) at an absorbance
of 260 nm. All the extracted RNA was diluted touf/uL. cDNA was
synthesized using Superscript Il reverse transseiLife Technologies).
2ug of total RNA and 1uL of the oligo dT (50Qug/mL) were mixed in a
reaction tube, heated at°tOfor 10 min to inactivate the sample, and then
chilled on ice quickly. 5X first strand buffer a®dlM DTT were added,
and the mixed contents of the tubes were gentlybhated at 42C for 2
min. 1 uL (200units) of Superscript 1l was added to theefuincubated at
42°C for 50 min, and the reaction stopped by inadtvaheating at 70C
for 15 min. The synthesized cDNA was stored at@for further use.

B2.6. RT-PCR Expression Analysis

Semi-quantitative RT-PCR was employed in order &bexnine the
expression of a gene adjacent to T-DNA insertiotessi RT-PCR
amplifications were performed in 2@ reaction volume, with 200ng of
cDNA, added to 1x Taq buffer, 0.25mM of dNTPs, /6of each forward
5-GAACTCGGCTGTACTATATCCTTGTCCCA-3'and reverse 5F& C
ACTGAAGACTAAACACCAGACGCACA-3' primers, and 1 unitfaraq
DNA polymerase were use@l gene was amplified with a denaturation of
5 min at 94C; 30 cycles at € for 30 sec, annealing at %5 for 30 sec
and extension at 7€ for 1min with a final extension of 5 min at 2
Actin gene was used as a positive control. PCR ymtsd were
electrophoresed in a 1% agarose gel containingnigs L™ ethidium

bromide (EtBr) and observed under ultraviolet light
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Results

C2.1. Screening of abz-126 Mutant in T-DNA tagging Lines

The activation tagging lines were generated bysem@-DNA insertion
into the Arabidopsis genome (Weigel et al. 200Byabidopsis activation
tagged seed ecotype Columbia (Col-7) was purché&sead Arabidopsis
Biological Research Centre (ABRC) and examined egregation of the
mutant phenotype and the basta resistance mar&esbiain homozygous
mutant the resulting;fprogeny were analyzed on one-half strength MS-1%
Sucrose medium (MS-Suc) containing basta (20 meylit Analysis of the
basta resistant phenotype segregated with a 3d, mtlicated that there

was only one T-DNA insertion at a single locushia tnutant.

Brassinazole (BRZ) is a triazole compound that i$jpady blocks
brassinolide biosynthesis by inhibiting the cytarhe P450 steroid C-22
hydroxylase encoded by tH8WF4 gene, which causes deetiolation and
dwarf phenotypes similar to those of BR-deficienitamts (Asami et al.
2000; Asami et al. 2001). Mutants that are insamsito BRZ and fail to
deetiolate on medium containing BRZ, may have reduBRZ uptake,
overproduce BRs, be hypersensitive to BRs, or hewestitutive BR
responses (Wang, ZY et al. 2002). We screenedadictiv tagged Col-7
seeds and isolated a dominant mutant that had @ hgpocotyl when
grown on BRZ in dark and named this mutanabzl26. The phenotypes
of abz126 mutant plants grown on brz are shown in Figure dmpared
with wild-type seedlings, dark growabz126 mutant seedlings had normal
hypocotyl length when grown on Brz unsupplementesliom (Fig 2-1A
and 1B).
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Figure 2-1. Effect of Brz on abz126 hypocotyl Elongation

abz126

Wild-type andabzl126 mutants were germinated and grown on one-half-

strength Murashige and Skoog medium containipd/2Brz for the 7 days

in dark. @) Hypocotyl elongation oBbz126 mutant seedling is partially

insensitive to Brz. Data are the means + SE obdafireen 40 seedlings. All

the hypocotyls were measured as described in “Ndddeand Methods”.
(B) Comparison of hypocotyl phenotype of the wildaypnd abz126
mutant grown on half-strength MS media supplemeniiga 2 uM Brz.
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C2.2. Identification of T-DNA insertion Site

Next, we isolated the sequence flanking the T-DMA&ertion site by
using adopter ligation-based PCR mediated Walképproximately a
1.7kb fragment was isolated by using a T-DNA spe@fimer located near
the left border. BLAST searches using the sequeicthis fragment
showed identity to a region on NCBI gene locus A6886 that is located
on chromosome 1. Sequence analysis indicated tleatTtDNA was
inserted in th&5IGANTEA gene that was located at tHEéxon ofGl gene,
3045 bp far from its putative translation start@odFigure 2-2A).

C2.3. Expression of Gl and neighboring Genes

RT-PCR amplification was carried out to investigdte expression of
GIGANTEA and other neighbor genes on either side of theNIhsertion
of abz126 mutant. Both neighbor genes on either sides of THaNA
insertion were expressed with wild-type, at the befrder, adjacent to the
enhancers, At1g22760 encoding putative poly A lmgdirotein, and at the
right border, At1g22780, coding for putative 40S&&omal protein S18
respectively. But T-DNA insertion on Atlg22770, eded GIGANTEA
protein made knockout iabz126 mutant (Figure. 2-2B). Thusbz126
mutant phenotype caused by T-DNA insertion on ARPIFYD locus made
knockout of the GIGANTEA gene. However T-DNA insert do not

changed the expression of neighboring genes.
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Figure 2-2. Identification of abz126

(A) Structure of th&sIGANTEA gene. Th&I GANTEA coding sequence
(3,455 bp) consists of thirteen exons (black regles). White rectangles
are untranslated regions. The exons and introrgedhim length from 54 to
1532 and 79 to 302 bp, respectively. Black arrosvcates T-DNA
insertion position oGGIGANTEA.

(B) Three genes surrounding the T-DNA insertion werackout in the
GIGANTEA. Arrows indicate the direction of transcriptioBe{ow) RT-

PCR withGIGANTEA and each of its neighbour gene in wild-type Col@ an
abz126. Actin was used as control.
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C2.4. Gl Gene Effects on Plant Size and Flowering Time

To determine whether the expressionGifgene is related with plant
size and flowering time, we isolated total RNA freine leaves of wild-type
(Col-7), andabz126 mutant and mRNA expression levels were analyzed by
RT-PCR. A 3,468 bp size dBl gene was expressed in wild-type but
completely absent in thabz126 mutant (Figure 2-3).

Next, we analyzed the functional importance of tB& gene on
Arabidopsis plant phenotype. In thabz126 mutant had many rosette leaves
(under the long day condition), elongated staturé petiole length and
delayed flowering compared with wild-type (Figur&2B-E).
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Figure 2-3. RT-PCR and Plant Mor phology

All the plants depicted are at the same ayeRT-PCR analysis of wild-type
(Col7),gil, gi2 andabz126 mutants againgbl GANTEA. Reducing the expression
of GIGANTEA gene increased the late flowering phenotyjmsin was used as a
control; B, Flowering time for the wild-type (Col7)gbz126 mutant;D and E,
mean petiole length of col 7 aablz126; F, Rosette leaf number (RLN) and days
were counted when plants bloted (16h light/8h datk}*C. Datas are expressed
as mean +SE calculated from three independent iexpets with at least 15 plants
each.
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C2.5. Response of Plant Hormones on Exogenous Application

To test the involvement abz126 in BR signaling, response of BL in
the mutant plant was determined using a hypocddylgation assay in dark
grown seedlings. We used a BL biosynthesis mutet@tas a control.det2
has shorter hypocotyls than WT in both dark andtlig Hypocotyl
elongation in BR-deficient mutadet2 plant was rescued by increasing the
concentration of BL in both light and dark condit$o(Takahashi et al.
2005). The hypocotyl length aet2 increased till the concentration of
100nM BL, where as the hypocotyl lengthsab#126 mutant and wild-type
were altered at 10 nM BL concentration (Figure 2-4BL-induced
hypocotyls growth was not found sensitivealor126, suggested that BL-
induced cell elongation is impaired in the mut&¥e also observed that the
abz126 mutant was less-sensitive than the wild-type at thie

concentrations of BL (Figure 2-4A).

We examined the effect of exogenous 6-benzylaminopuBAP) on
the elongation 08bz126, bzrl and wild-type seedlings. The elongation of
abz126 hypocotyls were markedly relatively less inhibitedn that of wild-

type, when increased the concentrations (FigurB)2-4

We also testedabzl126 mutant under GA deficiency (induced by
treatmentwith the GA biosynthesis inhibitor paclobutrazol A®)),
exhibited GA-independent phenotype that are distirmnm the wild-type,
including resistance to the PAC-induced effectshygbocotyls elongation
(Figure 2-4C). These results suggest that bradsirmds signal
transduction negatively act for hypocotyls elongatihroughGl.
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Figure 2-4. Analysis of Hormones Sensitivity on abz126.

Seedlings of wild-type (Col7)det2, bzrl and abzl26 mutants were
germinated and grown on half-strength MS mediuntaiomg increasing
concentrations of Hormone§A) Hypocotyl length of wild-type (Col7),
det2, bzr1 andabz126 mutants in the presence of different concentrabion
BL in the dark.(B) Effects of BAP on hypocotyls elongation in the
presence of 0, 0.1, 1 and 1M concentration(C) Hypocotyl length of
wild-type (Col7),bzr1 andabz126 mutants in the presence of 0, 0.4, 1 and 4
uM concentration of PAC. Hypocotyl elongation wasaswwed 7 days after
germination at dark. Each data point representsatrerage hypocotyls
elongation of 40 to 50 seedlings of three duplieageeriments. Controls of
wild-type and each mutant were grown on medium aiaittg the same
volume of 80% (v/v) ethanol used to dilute fromt@ck solution. Inhibition
of hypocotyls elongation by BAP and PAC are expdseelative to the
hypocotyls elongation of the same genotype of abntError bar represents
the SE. All the hypocotyls were measured as de=grib “Materials and
Methods”.
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Discussion

Increasingly, hundreds of genes involved in brasggroid (BR)
signaling are being linked to physiological and elepmental process such
as stem elongation, vascular differentiation, seied, fertility, flowering
time, senescence and resistance to biotic andi@lsimesses. Despite the
rapid progress in recent years in identifying saveBR signaling
components and BR-regulated genes, there is namatmn on how
brassinosteroid related genes that regulates ttmeahdowering process. In
this report we described the role GFGANTEA gene that has an unknown
function in BR signaling.

Previously it was shown thaGl transcript is detected throughout
development in all parts of mature plant (Fowlealetl999). The analysis
of Gl expression may be involved in controlling of pha®oodic responses
(Fowler et al. 1999%1 was previously shown to be required for inhibition
of hypocotyls elongation specifically under redhligcondition (Hugq,
Tepperman & Quail 2000). In additioGl gene has been implicated in
abiotic stress, because ti@& gene is upregulated in response to low
temperature (Fowler & Thomashow 2002; Cao, Ye &ngia2005).
Interestingly, gi mutants show enhanced tolerance to oxidative sstres
(Kurepa et al) suggests that gene mediates in circadian clock, cold stress
and oxidative stress tolerances through the diftesggnaling pathways.

Here, we describe a knockout®FGANTEA gene phenotype is involved
in brassinosteroid hormone signaling. First we ata abz126 from the
screening of activation tagged Col-7 seeds in bragsle. Brassinazole is a

BR biosynthesis inhibitor that induced dwarfismAnabidopsis, mutants
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that resembled BR biosynthesis mutants that caedmised by BR (Asami
et al. 2000). In the dark brassinazole treateabidopsis seedling induced
retardation of hypocotyls growth. Our feeding ekpent on abz126
mutant demonstrated that hypocotyls elongationrasdinosteroid was as

compared to wild-type (Figure 2-4A).

The loss of function of GIGANTEA iabz126 significantly increase the
plant architecture like leaf petiole, no of rosdgaves, plant height and
flowering time (Figure 2-3). The phenotypic anadyst theabz126 mutant
demonstrated that the GI gene is could be neggtiregjulate in divergent

set of overall developmental process in plant (Fedi+3).

The plant steroid hormones brassinosteroids (BRsparceived by the
cell surface receptor kinase BRI1 (Bishop & Kond202). BRI1 is a
leucine-rich-repeat receptor-like kinase (LRR-RLkyxated on the cell
surface (Li & Chory 1997). BRI1 has an extracellu@mmain containing
25LRRs, a transmembrane domain, and a cytoplasenoegthreonine
kinase domain (Friedrichsen et al. 2000). When, 1Bperceives the BR
signal through its extracellular domain and inégia signal transduction
cascade through its cytoplasmic kinase activity, (Het al. 2000; Wang,
ZY et al. 2001). BIN2 encodes a cytoplasmic proteimase and regulate
negatively in BR signaling pathway (Li & Nam 200ZJwo nuclear
proteins, BZR1 and BES1, were identified as positegulators of the BR
signaling pathway downstream bin2. BZR1 and BES1 are mostly in
phosphorylated forms, and BR treatment indicatgghadgphorylation and
accumulation of the proteins (Wang, ZY et al. 200 et al. 2002). These
studies demonstrate a BR signal transduction pathHeading from cell
surface receptors to the nucleus. There could b&yrganes involved in

BRs signal transduction in nucleus. Gl is locaizeo the nuclear
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membrane, where the region between the residueart#l383 contain four
separate cluster of basic amino acid that funcaemuclear localization
signals (NLSs) (Huqg, Tepperman & Quail 2000). Stadof theabz126
mutant suggested that GIGANTEA is negatively inealvin growth
promotion but it has positive role for floweringmi. The mutationin
GIGANTEA causes insensitivity to the BR biosynthetinhibitor
brassinazole, indicating a negative role of Gl iR Bignaling. abz126
mutant, when grown on light, displayed constituthBR response
phenotypes including long and bending leaf petialas tall in plant height.
In BL

As a localized in nuclear membrane, Gl is likelyymegulate negatively
in BR signaling pathway. The role(s) of GI gene gnowth and
development may also involve the identificatiorited new additional set of
BR-responsive gene. Finally, the identification amthlysis of Gl gene
mutation inabz126 mutant showed thaBl gene is involved negatively in
BR signaling and results in late flowering and eage in number of rosette
leaves and plant height provides an excellent @hieithat the same gene

could be involved differently.
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Appendix |

Phenotypic character of activation tagged mutant

Mutant basta hypocotyl
line resistant length in plant phenotype (T,)
ratio (T») brz (Ty)

M3 31 ke WT plant ht 2 cm, silique length 2cm, no of rosette leaves ~30, length of leaf lamina 2-3cm, shoot
branches 8-10

M4 No infloresence, leaves are backwardly folded, no of rosette leaves 10

M5 plant height 12cm, short petiole, leaf length 2cm, no of rosette leave 14

M6 11 like WT plant height 8cm, short petiole, leangth of leaf 3 cm, rosette leag is looks like Gl mutant

M7 plant height 20cm, leaf length cm, petiole is short, leaf emerged horizontally along the soil surface,
no branched, no of rosette leaf 14
plant height 21cm, rosette leaves 12, no of shoots many, at least 3 infloresence branches per shoot

M8 3:1 like WT so plant looks bushy, silique many and hanging downward, seed yield is very good, might be useful
for crop/legume improvement.

MO 31 plant height 38cm (at the time of flower ceasing), rosette leaf number 14, average leaf length 3cm,

no of shoot 7, small seized silique, hairy branched infloresence
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M10
M11

M12

M13

M14
M15

M16

M17

M18

M19
M20
M21
M22
M23
M24

all died

3:1

3:1
all died

3:1

all survived

3:1

31
31
3:1
3:1

like WT

like WT

like WT

like WT

like WT

like WT
like WT
like WT
like WT

plant height 6cm, possibly this mutant will be serile
plant height 8cm, leaf length 2.5cm, short petiole, dark geen leaf, no of shoots 5

plant height 27cm, no of rosette leaf 14, lef length 3cm, leaf is elongated along the soil surface, no of

shoots 5

plant height 40cm, no of rosette leaf 12, leaf length 2.5cm, leaf color is dark green, silique is curved
and shorter than WT

plant height 26cm, no of rosette leaf 18, leaf length 1.8cm, no of shoot 3, whole plant is albino.
plant height 24cm, leaf length 2.5cm, silique ripening early

plant height 39cm, no of rosette leaves 10, leaf length 4cm, dark green leaves, leaf shape is

tapering towards the end, basal lamina is serrate, petiole is short,
plant height 21cm, no of rosette leaves 12, leaf lamina is flat

plant height 32cm, dark green leaf color, leaf length 3 cm, leaf surface is rough, and one side of leaf

lamina is zigzagly folded bacawardly, no of shoot 5
tiny plant and sterile
tiny plant and sterile
plant height 25cm, leaf size 2cm, no of rosette leaf 14
plant height 38cm, no of rosette leaf 14, leaf length 3cm, ovate in shape, no of shoot 5
plant height 24cm, no of rosette leaf 10, leaf length 1cm, no of shoot 5

plant height 38cm, no of rosette leaf 14, leaf length 3.5cm, no of shoot 5
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M25
M26

mM27

M28

M29

M30

M31

M32

M33

M34

M35

M36

M37

all died

3:1

all survived

3:1

3:1

3:1

3:1

3:1

3:1

like WT

like WT
like WT

like WT

like WT

like WT

like WT

like WT

plant height 9cm, no of rosette leaf 8, leaf length 1cm, infetile
plant height 23cm, no of rosette leaf 4, infertile

plant height 14cm, leaf length 1cm, plant stature like bril-5, round shape leaf and dark green in

color, looks infertile
plant height 22cm, rosette leaves 14, plant color is slightly albino

plant height 29cm, no of rosette leaves 14, leaf length 4cm, right side leaf lamina is upwardly folded,
stem bending in zigzag shape, length of silique is shorter than WT, no of silique are few but have

enough seed

plant height 12cm, thin, unfertile

plant height 28cm, leaf size 1.5cm long small, silique early ripening

plant height 33cm, leaves are many and shorter than WT, shoot nos are many
plant height is 28cm, no of rosette leaves 8, no of shoot 3

plant height 35cm, leaf length 2cm, leaf shape is round, ovate and dark green, no of shoot 3 and

each shoot is branched into 3-4 infloresences so the plant stature is looks like a bunch

plant height 25cm, many cauline leaves, floral buds are originated from each axis of the cauline

leaves, leaf length 3cm, long petiole

plant height 28cm, rosette leaves are elongated along the soil surface leaf length 3cm, no of shoot

3, each shoot has branch

plant height 29cm, leaves are narro and elliptical in shape, no of shoot 10
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M38
M39

M40

M41

M42

M43

M4a4

M45

M46
ma7
M49
M51
M52
M54

3:1

3:1

3:1

3:1

all survived

3:1

3:1

3:1
31
31
31
3:1
3:1

like WT

like WT

like WT

like WT

like WT

like WT

like WT

like WT
like WT
like WT
like WT
like WT
like WT

plant height 28cm, leaves are same as WT, stem color purple, silique numbers are many than Wt
phenotype is looks M40, but this is not fertile

plant height 18cm, no of rosette leaves 14, leaf length 1.5 cm, siligie length is about half of the Wt,

no of shoots 8

plant height 32cm, no of rosette leaves 14, leaf length 2.5cm, leaf size small, ovate and elliptical in

shape, stem color purple, no of shoots 6

platn height 33cm, no of rosette leaves 10, length of leaf 3cm, leaf shape ovate, stem color purple,

no of shoot 5
plant height 11cm, no of rosette leaves 8, stem color purple, few silique (9), single shoot

plant height 31cm, short petiole, leaf seath is connect until the base of the petiole, leaf length 3cm,

distance between the siliques are close

plant height 34cm, leaf length 2~3cm, smaller than WT, lamina margin smooth, ovate shape, no of
shoot 5

plant height 18cm, no of rosette leaves 7, no of shoot 2

plant height 32cm, small leaves, no of shoots 5, flowers many but infertile

purple stem color and late flowering
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M55

M56

M59

M61

M62

M63

M66

M68

M69

M71

M72

M73

M75

M76

M79

M80

3:1

3:1

3:1

3:1

3:1

3:1

3:1

3:1

all died

3:1

11

all survived

3:1

3:1

3:1

3:1

3:1

like WT
like WT
like WT
like WT
like WT
like WT
like WT

like WT

like WT
like WT
like WT
like WT
like WT
like WT
like WT

like WT

phenotype looks same as M76

plant height 27cm

plant height 21cm, short silique but many

plant height 43cm, healthy silique and many seeded

purple leaf color, short petiole

plant height 36cm, no of silique are many but smaller in size than WT
plant height 47cm, dark green leaves, many rosette leaves, stem diameter is bigger than WT

many cauline leaves

plant height 28cm
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mM83

mM84

M86

m87

M88

M90

M9l

M92

M93

M94

M95

M97

Mo8

M99

M100

M101

M102

3:1

3:1

3:1

3:1

3:1

3:1

3:1

3:1

3:1

3:1

3:1

3:1

3:1

3:1

like WT
like WT
like WT
like WT
like WT
like WT
like WT

like WT

like WT

like WT

like WT

like WT

like WT

like WT

plant height 16cm

plant height 38cm, cauline leaves are purple in color, few silique are viable
many rosette leaves and different is shape each other

plant height 38cm

plant height 30cm, silique no many but shorter than WT, all siliqua are viable
plant height 41cm, small and short silique

plant height 43cm, many rosette leaves

plant height 30cm

plant height 43cm,

plant height 30cm

plant height 43cm
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M103

M105

M106

M107

M108

M109

M110

M112

M113

M114

M115

M117

M118

M119

M121

M122

M133

3:1

all survived
4:1

1:3

31

3:1

3:1

31

31

3:1

all died

31

all survived
3:1

3:1

31

3:1

like WT
like WT
like WT
like WT
like WT
like WT
like WT
like WT
like WT

like WT

like WT
like WT
like WT
like WT
like WT

like WT

plant height 38cm

plant height 36cm

plant height 22cm

plant height 38cm

Mutant 122 to 133 was changed phenotypes to WT in T2 generation, therefore no described in here
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M134 all survived like WT
M135 3:1 like WT
M136 3:1 like WT plant height 15cm

M137 all survived

M138 Contaminated

M139 plant height 18 cm, infooresence color purple

M140 plant height 34cm

M143 plant height 44cm

M144 many leaves

M145 plant height 48cm

M146 plant height 42cm

M147 small and thin and tiny plant

M149 plant height 40cm, small sized silique but many numbers
M150 survived in extream drought
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Appendix Il

Mutants phenotype in T1 screening
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