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ABSTRACT

Identifying the initial sugar sensing and response activating mechamgiasts
has been difficult due to the dual functions of sugars as nutrients and as signaling
molecules. In this study, we have examined transcript expression and praatierd
of different genes encoding proteins for actin remodeling that have been teghksa
targets of plant glucose signaling. Using Reverse Transcription R&¥sE, we
confirmed that expression of two actin-associated genes, actin oepaiyg factor 9
(ADF9) and actin related protein 8 (ARP8), are repressed following atshorglucose
treatment ofArabidopsis thaliana seedlings. Glucose did not repress the expression of
other ADF and ARP gene family members. Tleeacting promoter elements of both
gene families were evaluated using the PLACE database. This anadysated that the
ARP8 promoter has a unique signature motif, a four amylase box 1 repeat, that might
account for the observed glucose dependent repression response. A unique response
element motif was not readily identified in the predicted promoter region 0DADB
further define possible sugar response elements, the predicted promotesoard
ARP8 were cloned as luciferase fusions in a plant expression vector. Hplaever
transient expression assay, the cloned constructs were not active undentdiffer
experimental conditions. Identifying the functionally active sugar respeasents in
the predicted promoter regions of genes that are targets of glucosengigvilimprove

our understanding of this regulatory process.
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CHAPTER ONE

INTRODUCTION

THE INFLUENCE OF SUGAR ON PLANT HOMEOSTASIS

In plants, sugars play an essential role as substrates for energy matabolis
sustain plant growth. Hence, sugar production, through photosynthesis, is a vital. process
It has been well documented that plants are capable of adjusting their gnowth a
development to maintain homeostasis (Ketcal. 1996; Jangt al. 1997; Moorect al.
2003; Rollanckt al. 2006). For example, the balance between carbon assimilation and
utilization is continually influenced by the plant’s changing environmental tonsli
Short periods of carbon starvation can result in growth inhibition, which is not
immediately reversed upon carbon being made available (UsadeP008). Analyzing
global transcriptional responsesArfbidopsis thaliana rosettes to a gradual depletion of
carbon, Usadedt al. (2008) proposed that signaling events are initiated by small changes
in carbon status. This type of sensitivity would require plants to be able to mondor sug
status and control gene expression to accommodate the constant changes in nutrient
dependent cellular activities. The plant’s ability to sense the quality and guantit
varying sugars is important to develop an appropriate metabolic response tia specif
situations.

Cellular sugar status modulates and coordinates internal regulators and

environmental cues that govern plant growth and development (Retlahd®002). As



the products of photosynthesis are transported to developing plant organs, light and
sugars regulate the particular growth activities of these specificistactin most
instances, low concentrations of sugars enhance photosynthesis and reserve nutrient
mobilization and export, whereas an abundance of sugars promotes plant growth and
carbohydrate storage (Rollaadal. 2002). Plants require coordinated modulation of
gene expression and enzyme activities in both carbohydrate-exporting sndce
carbohydrate-importing (sink) tissues to ensure optimal synthesis anderss @y
resources while adapting to the changing environmental conditions and nutrient
availability. Plants can display photosynthesis, respiration, and fermentatiensame
time in different tissues through a complex regulatory system that involvas sug
signaling and integrates different metabolic, developmental, and environmegnéds s

(Rollandet al. 2002).

THE ROLE OF HEXOKINASE ASA SUGAR SENSOR IN PLANTS

Identifying the initial sugar sensing and response activating mechamgiasts
has been difficult due to a sugar’s dual functions as a nutrient and a signaling molecule.
Different experimental approaches, including screening mutants, developatrsig
assays, and making targeted transgenics, have been used in attempts taheentifgl
sugar sensing and signaling machinery.

Hexokinases have been identified as the primary glucose sensor in a broad range
of organisms. Hexokinase (HXK) catalyzes the phosphorylation of hexose atjas

first step of the glycolytic pathway. Most yeast and plant HXKs are ajppatedy 50-54



kD in size. HXKs share a common conserved ATP binding site and a sugar binding
domain, which are responsible for determining substrate affinitiess lIbéen suggested
that HXK sensing and signaling functions are dependent on HXK'’s subcellular
localization (Balasubramaniaal 2007), possible translocation to the nucleus (Rolland
et al. 2007), and/or interactions with downstream effectors @lab 2007).

In the Arabidopsis genome, there are three HXK genes (AtHXK1, AtHXK2, and
AtHXK3) and three hexokinase-like genes (Kaeval. 2008). These six genes can be
categorized as one of two types of HXKs based on their intracellulaizitoah (Olsson
et al. 2003). Type A kinases, including AtHXK3, have a predicted chloroplast transit
peptide. Sequence analysis of these domains suggested that they representrah ancest
form of plant HXK predating the separation of mosses from higher plants. Blype
kinases, including the other five Arabidopsis HXK and hexokinase-like proteins, contain
an N-terminal hydrophobic membrane anchor. It is still not clear whdtlsex af the
HXK and hexokinase-like genes have roles in glucose signaling.

Among plant HXKs, HXK1 in Arabidopsis is perhaps the best characterized
glucose sensor. Studies using different sugars, sugar analogs, and metabolic
intermediates in a mesophyll-protoplast transient expression systeate that
AtHXK1 is a core component in plant sugar sensing and signaling ¢Jahd 994). To
identify signaling components of intracellular pathways involved in glucosengessd
signaling, genetic strategies have been designed to independently seéeailecose-

insensitive or glucose-oversensitive mutants using detectable plant phenotypes.



Glucose insensitivegin) mutants were recognized by overcoming the
developmental arrest displayed by wild type seedlings that were grown olu&8$ey
plus Murashige and Skoog (MS) medium (Figure 1.1). Sequencing identified that the
gin2-1 mutant contains a nonsense mutation (Q432stop*) whilgiti2e2 mutant
contains a missense mutation (G416A), both within AtHXK1. Nonsense mutations can
destabilize mRNA. Plants gfn2-1 had reduced HXK1 but not HXK2 transcript levels
(Mooreet al. 2003) Furthermore, immunoblot analysis revealed tha?-1 is a HXK1
null mutant. The characterization of tji@2-1 mutant provides evidence for a role of
HXK1 as a glucose sensor/transducer which regulates gene expressioanmugoth
(Mooreet al. 2003).

The plant’s ability to sense and transduce glucose signals to regulatehset,
growth, and stress responses are critical for survival. HXK1 has a uniqtieriuna
broad spectrum of glucose responses, including gene expression and plant growth. From
an analysis ofin2-1 phenotypes, Mooret al. (2003) suggested that the roles of HXK1
in growth promaotion or growth inhibition depend on glucose concentration, cell type,
developmental state, and environmental condition. The antagonistic and synergistic
hormone-like effects of glucose on plant growth and development reflects the complex
signaling network governed by nutritional and environmental inputs. The integodti

these signals, in part, is through HXK1 regulatory functions.



Figure 1.1: Glucose-insensitiygin) mutants have been identifiedAnabidopsis
thaliana. When grown on agar plates containing 6% glucose + MS medium
under light for 5 days, the wild type (WT) seedlings display arrestedligrow
development.Gin2-1 andgin2-2 mutants were originally identified by their
tolerance to glucose (Mooetal. 2003).



The role of HXK has helped identify three distinct glucose signal transduction
pathways in plants (Xiaet al. 2000). In the first pathway, the HXK1-dependent
pathway, gene expression is regulated by HXK1-mediated signahetjdn. A major
effect of this pathway is the repression of photosynthetic gene expressionstimggre
this can involve the actin cytoskeleton (Balasubramagtiah 2007). In the second
pathway, HXK enzyme activity promotes gene expression programs spanhckto
glucose metabolism. In the third pathway, gene expression is controllechalyrgig
pathways independent of HXK1 functions. One example of the latter is glucose

induction of pathogenesis related proteins.

DESCRIPTION OF THE PLANT ACTIN CYTOSKELETON AND INTERACTIONSWITH G-
PROTEINS

The actin cytoskeleton is a three dimensional structure contained withielltke ¢
cytoplasm. This structure acts as both “muscle” and support structure bgimamthe
cell's shape and enabling cellular expansion (Staiger 2000). For manyrdelha@ons,
the cytoskeleton is used as an active track by molecular motors of the myosin or
kinesin/dynein families. However, reorganization of the actin cytoskeletdsas
important for cellular transduction of effectors such as light, calciumisabscid, and
other hormones (Vantard and Blanchoin 2002).

The eukaryotic cytoskeleton can be divided into three major components:
microfilaments, intermediate filaments, and microtubules. Microfifdmare composed

of two intertwined chains of actin monomers (G-actin) polymerized into mamwnts



(F-actin). Microfilaments are concentrated just beneath the cellitname and are
essential for many signal transduction processes (Staiger 2000ptNlidles are hollow
tubes composed of alph@) @nd betaff) subunits of the protein tubulin that act as
cellular support beams, providing a set of "tracks" for cell organelles andegdsic
move on (Staiger 2000).

Many cellular processes are dependent on the spatial and temporal oigaoizat
actin, and are regulated by the assembly and disassembly of actin. r@&liriRylpiroteins
are considered important regulators of cytoskeletal assembly andzatgamand affect
many aspects of eukaryotic cell function such as proliferation, and imttaceksicle
trafficking (Vernoudet al. 2003). GTPases function as molecular switches that cycle
between ‘active’ and ‘inactive’ states, regulating the timing and spégcifitevents that
take place within the cell (Figure 1.2). Structural and functional singsulietween
different members of this large superfamily have led to establishment afi$tuect
GTPase families: Ras, Rab, Rho, Arf, and Ran. Vermbald (2003) identified 93 genes
within four of these families in the Arabidopsis genome (Figure 1.3).

In Arabidopsis, all small GTPases that segregate with the Rho GTpases t
be members of a unique subfamily only identified in plants. Because of this, they have
been named Rop GTPases (for Rho-related proteins from plants). Given the conspicuous
absence of the Ras family of GTPases, Verrevatl (2003) hypothesized that the ROP
GTPases may reflect a unigue mechanism that involves the actin cytoskeletontfolk

of cell signaling during plant development.
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Figure 1.2: The GTPase activation cycle. GTPases are moleculehesvihat control
many different cellular processes. By cycling between two different
conformational states, the GTPases can regulate the timing and spyeaificit
events that take place within the cell. Guanine nucleotide exchange factors
(GEF) facilitate the binding of GTP to the GTPase. When bound to GTP, the
GTPase is said to be in its ‘active’ state; capable of interactiig wit
downstream effector proteins including various kinases and many scaffold-
like or structural proteins. The GTPase remains active until the GTP is
hydrolyzed to GDP, which is catalyzed by the GTPase Activating Protein
(GAP). When bound to GDP, the GTPase is inactive (Verebald 2003).




Figure 1.3: A phylogenetic star diagramfotthaliana small GTPases (Vernowtal.
2003). The Arabidopsis genome contains 57 Rab GTPases, 21 Arf GTPases, 11 Rho
GTPases, 4 Ran GTPases, but no Ras GTPases.



THE PRESENCE OF GLUCOSE DISRUPTS THE FUNCTIONAL DYNAMICS OF THE PLANT
ACTIN CYTOSKELETON

Multiple stimuli, such as auxin, calcium, and abscisic acid, can affectrtiotuse
of F-actin. To determine long and short term affects of glucose treatmerdaaim F-
organization in seedlings, Balasubramargal. (2007) used a transgenic lineAof
thaliana expressing 35S:HXK1-GFRTalin as a reporter of F-actin dynamics. Seedlings
grown on agar plates with 0.5% sucrose for 5 days displayed a large numbeneirs&ans
and finer mesh actin filaments arranged in a grid-like pattern. When #exiengs were
transferred to a solution of 1.8% (M4} glucose, a rapid loss of many transverse and fine
mesh filaments accompanied an increased bundling of the longitudinal F-actis cabl
(Figure 1.4 A). The re-organization of F-actin into fine mesh filamentstediesferring
the repressed seedlings from 6% glucose into a solution of water demonstrateel that t
disruptive effects of glucose on the F-actin filaments of the actin cytoskeleuld be
reversed (Figure 1.4 B).

Balasubramaniadt al. (2007) found that HXK1 can interact with F-actin both
vitro andin vivo. This was supported by coimmunoprecipitation assays from transgenic
plants expressing HXK1-FLAG, which demonstrated a physical associatioedmetw
AtHXK1 and F-actin. To determine whether this interaction might have a dmadtti
significance, Balasubramanianal. (2007) usedh. thaliana leaf protoplasts to test
known reagents that disrupt actin filaments (latrunculin-B and cytochala$aon heir
possible effects on HXK1-dependent glucose signaling. Transfection of HXK1 plus

treatment with 2 mM glucose resulted in a 3-fold reduction in activities of Zettfe

10



1.8% Glucose, 90'

B 6% Glucose = Water, 45'

Figure 1.4: The effects of glucose on F-actin organization (Bakasamiaret al. 2007).

A. After 5 days of growth on agar plates with 0.5% sucr@sthaliana seedlings were
transferred to solutions of 1.8% glucose. Disruption of F-actin can be visualized in the
hypocotyls of GFP-hTalin seedlings (arrow heads point to open stomate and an actin
cable).B. Seedlings were grown on 6% glucose for seven days and then transferred to
water for indicated times. Note the initial absence of fine mesh filanbefiore transfer

and the beginning reorganization of F-actin after transfer to water

11



promoters in transient expression assays. The addition of latrunculin-B @ratB)
cytochalasin D (CytoD) did not affect promoter expressions in the absence df &XK
glucose, but did completely block effector-dependent repression of both promoter
activities. Bioimaging revealed that LatB and CytoD treatment hasheixely disrupted

the finer actin filaments of leaf protoplasts.

MULTIPLE PLANT ACTIN BINDING PROTEINSARE REPRESSED BY GLUCOSE

Actin is the major component of the cytoskeleton, existing largely as freacti
with small amounts of G-actin as well. The rapid assembly and disassaftitdyactin
cytoskeleton is essential for many cellular functions. The dynamics attime
cytoskeleton are tightly regulate@avivo by numerous actin binding proteins (ABPs) and
the hydrolysis of ATP by actin (Pollastial. 2003).

The vast majority of ABPs can be grouped into five distinct families using
conserved actin-binding motifs (Dominguez 2004). These include, but are nad limite
the Wiskott-Aldrich syndrome recognized (WASP)-homology domain-2, the actin-
depolymerizing factor/cofilin (ADF/cofilin) domain, the gelsolin-homology dmthe
calponin-homology domain, and the myosin motor domain. Other domains will likely be
recognized as more protein complexes involved in actin binding are identified.
Interestingly, Pricet al. (2004) found that of the nearly 1000 glucose regulated genes,
gene transcripts of five actin associated proteins were represgéatbge (Table 1.1).

The actin depolymerizing factor (ADF) is a small protein (~17 kDa) that is

moderately conserved across eukaryotes. ADF functions in the remodeling dirthe ac

12



Table 1.1: Gene transcripts of several proteins associated with the rezatiganof the
actin cytoskeleton were transcriptionally repressed following a 3 h glae@ment of
Arabidopsis seedlings (Prietal. 2004).

Gene Accession| Fold Change
Number
Actin At4934970.1 4.1
Depolymerizing
Factor 9
Actin Related | At5g56180.1 2.2
Protein 8
Rho GTPase | At4g35750.1 6.1)
Protein 1
Villin 3 At3g57410.1 2.6
Fimbrin 1 At4926700.1 2.3

13



cytoskeleton by promoting the severing and depolymerization of actin at thengrowi
ends of F-actin filaments (Bambuegal. 1999). The number of ADF proteins varies
among species, with plants normally having more ADF genes than aninmaé. T
thaliana genome contains 11 expressed ADF genes (Rueicka2007). This gene
family is characterized by the highly conserved single folded domain knowue ADF
homology domain (Maciver and Hussey 2002).

Villin (VLN) is a 92.5 kDa tissue-specific actin-binding protein that share
structural homology with gelsolin (Friederiehal. 1999). VLN is composed of six
evolutionarily conserved actin binding domains that constitute the core domain, tbllowe
by the carboxyl terminal headpiece domadinuvitro, villin caps, nucleates, severs, and
bundles actin filaments in a calcium and phosphoinositide-dependent manner (Friederic
et al. 1999). Both the headpiece and the core are capable of binding to F-actin, but to
different sites on the actin filament. The overall structure of animad islhighly
conserved in Arabidopsis VLNs (AtVLNs). The major differences can be found in the
portion of the protein that links the six actin-binding modules and the villin-specific
headpiece domain. The specific and localized expression of mammalian VLNtsugges
that it has a distinct function in absorptive tissues. In plants, VLN is expressed
ubiquitously in all tissues. However, the expression of certain VLN genes aan@ng
different cell layers (Klahret al. 2000).

cDNA probes homologous to mammalian VLN were used to screen a genomic
library of A. thaliana and isolate full length clones. Sequence analysis revealed the

Arabidopsis genome contains four genes encoding villin-like proteins. Thesgefes

14



can be subdivided into two groups, each containing two members. AtVLNZ2 and
AtVLN3 share 84% nucleotide identity and encode proteins with 79% amino acid
identity. AtVLN1 and AtVLN4 share a conserved headpiece domain, but the overall
amino acid identity between the two proteins is only 56% (Klahaé 2000).

The actin-related protein (ARP) is not a recognized member of the ABP
superfamily, but members of the ARP gene family have 60% amino acid sequence
homology with conventional actins, sharing the conserved actin fold for the nucleotide
binding domain. The nuclear ARPs function as essential components of chromatin
remodeling and modifying complexes (Meagéeal. 2007). The ARP gene family is
moderately conserved throughout eukaryotes and can be phylogeneticalfiedastsi
six subgroups. Eight ARP gene sequences have been identifiegbidopsis thaliana
(AtARP 2-9; McKinneyet al. 2002). Protein orthologs were identified in other species
for the majority of the ARP gene sequences; however, ARP8 was suggested to be a novel
protein that is plant specific. The transcripts from the ARP gene famaiflgbers have
distinct organ specific expression patterns, and the ARP proteins function iredivers
cytoskeletal processes in both the cytoplasm and the nucleus, independentlyifrom act
AtARP2 and AtARP3 transcripts are expressed at very low levels in alr4tARP5,
AtARPG6, and AtARP8 each have distinct transcript expression patterns in seedling
roots, leaves, flowers, and siliques, while AtARP4 and AtARP7 proteins were stiown t

be most highly expressed in flowers (McKinretwl. 2002).
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UNDERSTANDING THE TRANSCRIPTIONAL MACHINERY UNDERL YING SUGAR SIGNAL
RESPONSES

Over the years, a large number of plant genes have been found to be
transcriptionally regulated by sugars, consistent with the coordinateatiegudf source
and sink activities. However, little is known about the transcriptional mechamibioh
underlying these responses. The functional dissection of sugar-induced gene promoters
has led to most of the current progress made in understanding transcriptionalagspons
However, most of the information generated on regulatigrglements involved in sugar
signaling comes from only a few genes.

The first sugar response element (SRE) was identified from sweet pdiat
(Ishiguro and Nakamura 1994). Located in the 5' upstream region of threerdiffe
genes encoding for sporamin andmylase, the SP8 promoter element was found to be
responsible for the sucrose induction of gene expression. Furthermore, the SPF1
transcription factor was shown to be a sucrose-repressed negative reguldtioish &b
the SP8a and SP8b promoter elements.

Sunet al. (2003) were interested in learning more about the SP8a element’s
involvement in sugar-mediated gene regulation. A probe was designed from auwlisolate
cDNA clone of the barley SPF1 ortholog and used to screen an endosperm cDNA librar
Restriction mapping and sequence analysis revealed that all the positivegriomeed
into three distinct classes: SUSIBAL, SUSIBA2, and SUSIBA3. Amino aigdmaént
of the SUSIBA2 protein sequences identified two highly conserved WRKY domains that

shared two zinc finger motifs involved in binding to the appropriate DNA elements.

16



Those authors suggested as one possibility that the C-terminal WRKY donthatane
sequence specific binding to DNA elements, whereas the N-terminal WIRKMin
facilitates DNA binding and/or engages in protein-protein interaction.

Using electrophoretic mobility shift assays, Stial. (2003) demonstrated that
SUSIBAZ2 binds to three sugar responsive elements (SURE-a, SURE-b, andcybiirE
a W-box element. Based also on a later study, eGain (2005) proposed a model for
sugar signaling in which high sugar status in sink tissues maintains an30t8I1BA2
gene, permitting the SUSIBA2 transcription factor to bind and activate th& SUR
elements.

The binding of SUSIBA2 to the SURE elements displayed a novel feature for a
WRKY protein. The WRKY proteins are a superfamily of transcription factohe
name of the WRKY family is derived from the most prominent feature of thessnmot
the WRKY domain, a 60 amino acid region that is highly conserved among family
members. The WRKY domain is defined by the conserved amino acid sequence
WRKYGQK at its N-terminal end, together with a novel zinc-finger-tkatif (Eulgem
et al. 2000). Although there is a strong conservation of their DNA-binding domain, the
overall structures of WRKY proteins are highly divergent.

Plant WRKY DNA binding proteins recognize various W-box elements with a
TGAC core sequence. However, determining the roles of individual family meimmber
regulating specific transcriptional programs during development or in respmns
environmental signals has been difficult because very little is known about the

developmental programs that require the functions of WRKY proteins. One suggestion is
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that WRKY transcription factors should regulate the temporal and spatiaksixpref
specific genes, thereby ensuring the proper response to internal andlesttemuli
(Ulker and Somssich 2004).

Additional sugar regulated promoter sequences have been identified by extensive
transcriptional studies of barley, wheat, and rice genes that encadarfoflase
(AMY). Initial screening recognized two consensus sequences, TAACARA and
TATCCAT, in the 5" flanking regions of theAMY genes, agis-acting regulatory
elements (Huangt al. 1990). These sequences eventually became recognized as the
amylase box 1 (AMYBOX1) and amylase box 2 (AMYBOX2) response elements.

Lu et al. (1998) first identified a sugar response sequence in rice with three
essential elements for sugar starvation-induced expression: the GCebGxbtix, and
the TATCCA element. The latter was eventually recognized asith€CCA’osamy
element. Lwet al. (2002) later demonstrated that the TATCCA element is located
approximately 100 nucleotides upstream of the transcription start site. Toey als
demonstrated that three novel rice MYB proteins possess specific bintinty &or the
TATCCA sequencen vitro.

MYBs are a group of transcription factors with conserved DNA binding domains
located on the N-terminal end of the gene product. Three different binding domains
create three predominant MYB forms, designated R1, R2, and R3. Plants coh&in eit
the R2 or R3 form of the MYB transcription factdk. thaliana contains 125 R2/R3
MYB genes, which are involved in numerous biological functions ranging from

secondary metabolism, signal transduction, and disease resistance (&t@hck@01).
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Multiple databases have attempted to organize the recogm&acting
regulatory DNA elements in a manner that is easily accessible to thalgamaic. The
Arabidopsis Gene Regulatory Gene Server (AGRIS), produced by the Ohio State
University, is an information database pertaining to Arabidopsis promoter sesjuence
transcription factors and their targets. AGRIS is comprised of two sepatateses, the
A. thaliana cis-regulatory databaséitcisDB) and theA. thaliana transcription factor
databaseAtTFDB).

Another related database, The Pl@ig-acting Regulatory DNA Elements
(PLACE), contains motifs identified in published reports. This includes 11 motifs
identified as sugar response elements (Table 1.2). The associated W& CEignal
Scan program can be used to facilitate the analysis of DNA sequeicbsiaentify
known response elements to various stimuli. As more is understood about how the signal
transduction network operates on the molecular level, these databases will cantinue

expand and aid in assembling the missing puzzle pieces to this complex process.
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Table 1.2: The PLACE database contains 11 previously identified sequence habtifs t
are classified as sugar response elements (SRES).

SREs Sequence
"ACGT" A Box ACGTA
"ACGT" C Box ACGTC
"ACGT" T Box ACGTT
Amylase Box 1 TAACARA
Amylase Box 2 TATCCAT

"CGACGT"osamy CGACGT
Pyrimidine Box CCTTTT
SRE TTATCC
SUSIBA 2 TGACT
"TATCCA"osamy TATCCA
WB Box TTTGACY
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IDENTIFYING FUNCTIONALLY ACTIVE SUGAR RESPONSE ELEMENT MOTIFS

Identifying the functionality o€is-acting regulatory sequences in gene promoters
is challenging. Understanding how putative glucose regulatory elementsateogiethe
expression is not well understood and requires much more research. Idetitigying
functionally active sugar response elements in the predicted promotersefigenes
that undergo glucose induced transcriptional repression will lead us closer to
understanding the signal transduction process at the molecular level. RWPGe
used to identify candidate genes for our study. The AGRIS database will be used to
identify the promoter regions of these genes, while the PLACE database will hel
identify thecis-acting response elements found in these sequences. Unique response
element motifs will be examined for functional activity using the protoplashsient
expression assay system. The applications of the protoplast transiensiexpsgstem
have contributed to our understanding of the functiortssedcting regulatory elements
andtrans-factors in many different signaling pathways. Coupled with genetic, genomic
and transgenic approaches, these protoplast studies have helped unravel the control
mechanisms of the essenitad-acting regulatory elements and transcription factors for
light, phosphate, sugar, and cell cycle regulation in maize, parsley, and tobacco

protoplasts (Sheen 2001).
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CHAPTER TWO

IDENTIFYING POSSIBLE SUGAR RESPONSE ELEMENTSIN THE
PREDICTED PROMOTER REGIONS OF KEY ACTIN-REMODELING GENES

FROM ARABIDOPSIS

ABSTRACT

To gain a better understanding of the glucose signaling network in plantsstwe fir
examined expression of five genes associated with the remodeling ofithe ac
cytoskeleton that had been previously implicated as targets of glucosssiepre
Monitoring gene expression by RT-PCR indicated that only two of the fivesg&DF9
and ARPS, are glucose repressed. Screening for glucose induced transtriptiona
repression in other members of the ADF and ARP gene families revealeaatthisff
repression was unique to the ADF9 and ARP8 genes. We then evaluated predicted suga
response elements in the promoters of these two genes. A four repeatdmylas
motif might be responsible for the observed glucose dependent repression of ARPS.
However, a unique response element motif was not readily identified in thetpde
promoter region of ADF9. Perhaps glucose induced repression of ADF9 occurs through

a combination of known or unknown sugar response elements.
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INTRODUCTION

The specific mechanisms of action behind sugar signaling responses on the
molecular level remain unclear. It has been suggestedi $katting response elements
may be used by signaling molecules involved in regulating transcripticpanees
(Higo et al. 1999). Recent gene promoter studies have identified specific response
elements associated with different forms of external stimuli, includlingnot limited to
sugar, ethylene, and ABA (Davulwtial. 2003). Characterizing the promoter regions of
genes that undergo transcriptional regulation has provided insight to the meamstby w
external stimuli influence gene transcription.

During plant growth and development, the availability of sugars can modulate a
wide range of vital plant processes. The initial idea of a linear tramsapethway in
plants for regulating complex processes, such as sugar signaling, has bdmng® dt
has been proposed that multiple signal transduction pathways exist in plantet @iao
2000). Genetic screens using detectable plant phenotypes and transgenic seedlings
carrying reporter and selection genes under the control of sugar regulated pdraoter
identified mutants with overlapping phenotypes. Characterization of these snutant
revealed extensive connections between the signaling pathways for sugars and for t
plant stress hormones, ethylene and abscisic acid (ABA); (Leon and Sheen 2003).
Glucose signaling is generally antagonistic to ethylene signai@igequires elements of

ABA signaling.
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To gain a better understanding of the complex sugar signaling networks in plants
and the role of glucose as both signaling molecule and metabolitegRaicé€2004)
developed a microarray screen to identify the influence of glucose on glokal gen
expression. Using a thresh hold value of 2-fold, their data indicated that expression of
nearly 1000 genes was influenced by glucose, including repression ofl etlrglene
biosynthetic genes.

The microarray data of Pri@ al. (2004) also indicated that the expression of
five genes associated with the remodeling of the actin cytoskeleton (ADFS,AR
RGAP1, VLN3, and FIM1) was repressed. This data extends the observations of
Balasubramaniaat al. (2007), who showed that glucose rapidly and reversibly disrupts
the formation of fine actin filaments (Figure 1.4).

Plotting the response elements recognized in the predicted promoters of genes tha
undergo glucose induced repression may identify unique motifs that might be involved in
signaling this specific form of repression. Identifying theseacting response elements
could provide insight to the molecular mechanisms behind sugar signaling and their

influence on gene transcription.
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MATERIALS & METHODS

RT-PCR

Arabidopsis seedlings were grown in liquid culture for 10 days under constant
light with shaking, dark adapted for 24 hours, then treated with 2% glucose for 4 hours.
These treatment conditions were similar, but not identical to those usecégt Rl
(2004). cDNA, a gift of Penny Xia, was produced from RNA extracted freated or
control seedlings. Once template concentrations were establishethfardoha
expression of a control gene (ubiquitin 5, UBQ5), respective cDNA amountkere
constant (2.0 — 2.gl of depending on the sample) during the PCR reactions using other
primer sets, while varying the number of PCR cycles as needed. DuringRICRT
reactions, a melting temperature of 94.0° C was held for 30 seconds, an annealing
temperature of 55.0° C was held for 30 seconds, and an extension temperature of 68.0° C
was held for 50 seconds. cDNA transcripts were used as a template for theTtO ul R
PCR reaction containing 10 ng of the appropriate forward and reverse pflraleles 2.1)
and 5 ul of 2x Taq Master Mix (New England Biolabs). PCR product bands were
resolved on a 1.5% agarose gel (US Biological) containing ethidium bromide. Gel
images were captured using a UV light source and the PCR products weréeglianti
using Image J (http://rsb.info.nih.gov/ij/). Image J values were scorediliplying the
area of measurement by the mean pixel density, then subtracting theohackgr

measured from an equivalent blank gel area.
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Table 2.1: The gene specific primers for RT-PCR. An asterisk indicates igpgueted
to be glucose repressed (Pratal. 2004).

cDNA

Transcript Product

(Locus) Primer Primer Sequence Size

ACT?2 ACT2RTF 5'-CTCCGCTTTGAATTGTCTCGTTGTC-3' 317 bp
(At3918780) ACT2RTR 5-TGATGTCTTGGCCTACCAACAACAC-3'

ACT7 ACT7RTF 5'-AATGGCCGATGGTGAGGATATTCAG-3' 525 bp
(At5g09810) ACT7RTR 5-TGAGGAAGAGCATACCCCTCGTAGA-3'

ADF1 ADF1RTF 5-GTTGGTCAACCGATCCAAACTTACG-3' 457 bp
(At3g46010) ADF1RTR 5'-CAACATCGAACACAAGACCGAAACA-3

ADF2 ADF2RTF 5-TCGGATAGCTTGCAAATAACGCTGA-3' 257 bp
(At3g46000) ADF2RTR 5'-GGTACGGAATGTTCTTTTCGCCTTC-3'

ADF5 ADF5RTF 5-CGTGTGACGGATGAGTGTACGAGTT-3' 303 bp
(At29g16700) ADF5RTR 5'-CCCATCTTTCGACGTTGCGTACAAT-3'

ADFG6 ADF6RTF 5-CGACGCATCCGATTTTATTTGTTTG-3 373 bp
(At29g31200) ADFBRTR 5-TTCGCTCGTTCGCGTAACACTTC-3'

ADF9* ADFIXF 5-CTTTGCCGGAGGATGACTGTCGTT-3' 197 bp
(At4g34970) ADFOXR 5-GGTGGCTTGAAGCTGGTAGTGAACA-3

ARP2 ARP2RTF 5'-ACGGCACCGGTTATGTAAAATGTGG-3' 307 bp
(At3g27000) ARP2RTR 5'-GGATTAAGAGGTGGATCCGTGAGCA-3

ARP3 ARP3RTF 5'-TGGGGCAACTCATGTTGTACCTG-3' 576 bp
(At1g13180) ARP3RTR 5-TCCACCGGTTGAGACGTAATTTCAC-3'

ARP5 ARP5RTF 5'-GCAACCCAGTTCAATCTCGTAGCA-3' 519 bp
(At3912380) ARP5RTR 5'-CTCGCAGCCTTTGACCTTGTTTTTC-3'

ARP8* ARP8XF 5-TGGAACCGATCGAATAGTGGCAAG-3' 668 bp
(At5956180) ARP8XR 5'-GCAGGGACGTTCATGTCAAACAAG-3

VLN3* VLN3XF 5'-TGCAAGGGAATTCCTACCAGAAGAA-3' 604 bp
(At3g57410) VLN3XR 5-CTGCGTTTGAAGTCAATCCCTGTC-3'
RGAP1* RGAPXF 5'-CACCTGCGGCCGATTTCTATTTTC-3' 170 bp
(At4g35750) RGAPXR 5-TCGCTTTCTTGACCGTAATCCATCA-3

FIM* FIM1XF 5-CTGTGACCCGGCTACACTAGATGC-3' 629 bp
(At4926700) FIM1XR 5“TGTTGGCCCAGCTGAGGATATCTG-3'

UBQ5 UBISF 5'-GTGGTGCTAAGAAGAGGAAGA-3' 250 bp
(At3962250) UBI5R 5-TCAAGCTTCAACTCCTTCTTT-3'
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DEFINING THE GENE PROMOTER SEQUENCESAND I DENTIFYING RELEVANT RESPONSE
ELEMENTS

The Arabidopsis Gene Regulatory Gene Server (AGRIS,
http://arabidopsis.med.ohio-state.edu) is a database for Arabidopsis promo&rces,
transcription factors and their target genes. AGRIS is comprised otpanate
databases, th& thaliana cis-regulatory databasécisDB) and theA. thaliana
transcription factor databas&t{FDB). TheAtcisDB was searched using the TAIR
Locus ID for the genes of interest. The results were examined to ensprenthoter
sequences extended from the 3' end of the upstream gene and included the 5 UTR of the
gene of interest.

The Plant Cis-acting Regulatory DNA Elements (PLACE,
http://www.dna.affrc.go.jp/PLACE/signalscan.html) is a database afsrotind in
plantcis-acting regulatory DNA elements, compiled from those identified in published
literature through February 2007. By submitting the AGRIS predicted pronegien
sequence into the Signal Scan Search component of the PLACE database,divegcis-a
response elements located on the plus (+) and minus (-) stands of the predicted promoter

regions of theA. thaliana ADF and ARP gene family members were identified.
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RESULTS

GLucostE TREATMENT REPRESSES ADF9 AND ARP8 TRANSCRIPT ABUNDANCE
RT-PCR was used to investigate whether glucose represses tramsafphe
five actin associated genes previously identified by Rtieé (2004) to be down-
regulated by glucose (Figure 2.1). UBQ5, a house keeping gene exprestpthint al
tissues, was used to normalize the RT-PCR product using different templatiéiegia
Using Image J to quantify the RT-PCR results, the data suggestedittadey|
repressed gene transcription of the ADF9 and ARP8 samples at 28 and 30 cycles (Table
2.2). Although the Image J scores represent abstract values, they are produeds of pi
density measurements. In this study, they represent gene transcript abandére data
suggests a transcript abundance difference of almost two fold can be seenpoitiee re
values for the ADF9 and ARP8 RT-PCR gene transcript measurementsnat 28 a
cycles. In their microarray study, Prieteal. (2004) reported transcription repression
fold values of 4.1 and 2.2 for ADF9 and ARPS8 respectively. Rtiak (2004) also
reported glucose repression for the FIM, RGAP1, and VLN3 transcripts. However,
did not observe transcript repression for these genes in our RT-PCR study. This
difference may have arisen from our study using seedlings grown in liqtudecul
medium, while the Pricet al. (2004) study used plate grown seedlings that were placed

into liquid solution for the glucose treatments.
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# cycles
28
30
32
MW ADF9 ARPS8 FIM RGAP1 VLN3
700bp| 197 bp 668 bp 629 bp 170 bp 604 bp

Figure 2.1: RT-PCR products after 28, 30, and 32 cycles were visualized for possible
glucose induced transcriptional repression. For each gene transcript ot ifdems
contains samples exposed to glucose (+glc) while lane 2 contains sanglasgiecose
(-glc). The difference in transcript abundance seen in the ADF9 and ARP&sampl
suggests that glucose induced transcriptional repression of these genes. eflmiow
indicates the expected PCR product size.
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Table 2.2: The analytical results produced by Image J support the RT-PCR visual
findings. Transcript abundance after 28, 30, and 32 cycles were measured using the
capabilities of Image J. A difference of almost 2 fold was seen in the ADF9 dP8 AR
transcripts.

#Cycles | Treatment | ADF9 | ARP8 | FIM | RGAP1 | VIL3 | UBQ
28 +gic 31 14 63 78 67 58
-glc 50 27 72 85 78 52
30 +gic 33 15 68 84 71 62
-glc 53 29 78 91 83 55
32 +gic 90 57 102 107 102 80
-glc 91 65 106 104 101 75
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GLUCOSE INDUCED REPRESSION ISNOT COMMON AMONGST ADF AND ARP GENE
FAMILY MEMBERS

To examine if glucose also influenced the transcriptional expression of other
members of the ADF and ARP gene families, a similar RT-PCR based dpprasc
employed (Figure 2.2). Image J was used to quantify the amplified PCR products and
verify the visual findings (Table 2.3 and Table 2.4). There was no significanediét
in the Image J values reported for the ADF 1, 2, 5, and 6 mRNA, or for ARP 2, 3, and 5
family members after 28 and 32 cycles. Two actin gene samples, ACT 2 and @lswere
screened for possible glucose induced repression (Figure 2.2). Expaddbiese genes
was also not influenced by the presence of glucose (Table 2.5). Thereforeg glucos

induced gene repression appears to be a unique feature of the ADF9 and ARP8 genes.
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"W ADF1 ] ADF2 | ADF5 | ADF6

sizE [ 373bp 257 bp 303 bp 457 bp

W1 ARP2 ARP3 ARP5

SIZE 307 bp 576 bp 519 bp

#cycles
28

32

W ACT2 ACT7

SIZE 317 bp 525 bp

Figure 2.2: RT-PCR was used to screen multiple gene families for gluchsed
transcriptional repression. Results for four of the eleven AtADF geri@gBAADF2,
ADF5, ADF6 of the AtADF) A), three of the eight AtARP genes (ARP2, ARP3, ARP5)
(B), and two actin genes (ACT2, ACTT) were examined. For each transcript of
interest, lane 1 contains samples exposed to glucose (+glc) while lanei@seataples
without glucose (-glc). The data indicates that none of these genes undergo glucose

induced repression.
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Table 2.3: Screening members of the ADF gene family for glucose inducesisiepre
with Image J. Quantifying the RT-PCR data with Image J verified thabge does not
repress expression of any of those ADF family members screened.

#Cycles | Treatment ADF1 ADF2 ADF5 ADF6
28 +glc 202 155 227 213
glc 202 132 209 193
32 +glc 249 207 229 254
glc 272 195 238 276

Table 2.4: Screening members of the ARP gene family for glucose inducediogpress
with Image J. Quantifying the RT-PCR data with Image J verified thabgiudoes not
repress expression of any of those ARP family members screened.

# Cycles Treatment ARP2 ARP3 ARP5
28 +glc 42 89 72
-glc 41 81 72
32 +glc 136 173 159
-glc 139 171 154

Table 2.5: Screening members of the actin gene family for glucose inducediogpress
with Image J. Quantifying the RT-PCR data with Image J verified thabggudoes not
repress expression of either of those actin family members screened.

# Cycles Treatment ACT?2 ACT7
28 +glc 194 263
-glc 201 254
32 +glc 191 249
-glc 185 260
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IDENTIFYING RESPONSE ELEMENTSIN THE PROMOTER REGIONS OF INTEREST

The predicted promoter regions of the five actin associated genes ddpprte
Priceet al. (2004) to be glucose repressed were identifed using the A&BEDB. The
sequences were then entered into the Signal Scan Search component of PLACE, and the
sugar response elements (SREs) were identified (Table 2.6). The datteddide each
response element consisted of its orientation on either the (+) or (-) strand cADNA
well as its absolute value of base pairs upstream of the gene’s ATG toamstatt site.
The “ACGT” boxes do not contain a (+) or (-) strand orientation as a result of their
palindromic sequence.

SREs were identified in each of the five predicted promoter sequencées twith
37 total SREs identified in a given sequence (Figure 2.6). The two genegaddiy
RT-PCR to be repressed by glucose, ADF9 and ARPS8, contain the least number of total
SREs, 5 and 11 respectively. The predicted promoter sequence for the ARP8 gene was
the only sequence to contain 4 repeats of the amylase box 1 motif, which spans
approximately 300 bp on the (+) strand.

The predicted promoter regions for the enfir¢haliana ADF and ARP gene
family members were also identified (See Appendix A) and charactenizedimilar
fashion (Table 2.7 and Table 2.8 respectively). The predicted promoter region®for al
the ADF and ARP gene family members contain at least one SRE sequence, while the
majority contains a combination of different SREs. Once again, the 4 repdsds of t
amylase box 1 motif was recognized exclusively in the predicted promotensemie

ARP8 and not in the other family members.
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Recent studies have supported the concept of signal cross talk between sugar and
ethylene signaling (Leon and Sheen 2003). The PLACE database recegnaes
possible ethylene response elements (ERESs). Of the seven recognizzdaREhree
ethylene response elements were identified in those predicted proniptenses (Table
2.9). Initially identified in tomato was identified in the majority of the priedic
promoter sequences, including ADF9 and ARP8. Theasit@nding element in tomato
cysteine protease (LeCp) was also identified in the majority of thecpgddpromoter
sequences, including ARP8. The "AGC box", an enhancer element identified in tobacco,
was only recognized in the predicted promoter sequence of ADF11. However, there we

no distinguishable EREs unique to the ADF9 or ARP8 predicted promoter sequences.
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Table 2.6: The sugar response elements (SRESs) recognized by PLACE Sagnal Sc
Search in the predicted promoter regions of 5 actin-associated genes repétiegdiy

al. (2004) to be glucose repressed. The total number of response elements identified in
the predicted promoter regions, as well as where, on either the + or — stréind, eac
response element is located is recorded.

ADF9 ARP8 FIM RGAP1 VLN3
695 nt 1016 nt 2990 nt 3002 nt 1505 nt
SREs
"ACGT" BOX 1x* 2X* 1x*
657 1964, 2486 705
AMYLASE
BOX 1 4x 1x 1x
355+, 401+, 1997- 345-
531+, 656+
AMYLASE
BOX 2 1x 1x 3X
1053-, 1120-,
491+ 649+ 2296+
“CGACGT”
Osamy 1x 1x 1x 5x 2X
15+ 78+ 2243+ 2311-, 2510-, 395-, 1027-
2694-, 2386+,
2389+
PYRIMIDINE
BOX 1x 2X 6Xx 5x 5x
366- 385-, 942- 885+, 957-, 28-, 85-, 243-, 312+,
1238-, 1513+, 165-, 1940+, 447+, 506-,
1691+, 1923+ 2040+ 674-
SRE X 2X
235+, 402+, 316+,
1051-, 2297+, 1172+
2681+, 2927-,
2948-
SUSIBA2 2X 1x X Ox 3x
431+, 526- 102- 26-, 385+, 171-, 575-, 174+, 971+,
1796+, 2437+, 921+, 1507-, 1500-
2595-, 2625-, 1594+, 1725+,
2670+ 2396+, 2606-,
2937+
“TATCCA”
osamy 2X 1x 5Xx 1x
234+, 337-,
490-, 879+ 649+ 1052-, 1119-, 1171+
2296+
WB BOX 1x 2X 2X
2439+ 171-, 2398+ 973+, 1500-
TOTAL 5 11 19 37 17
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Table 2.7: The sugar response elements (SRESs) recognized by PLACE Sagnal Sc

Search in the predicted promoter regions of the ADF gene family.

ADF | ADF | ADF | ADF | ADF | ADF | ADF | ADF | ADF | ADF | ADF
1 2 3 4 5 6 7 8 9 10 11
S R ES 1691 nt 684 nt 3002 nt 800 nt 2908 nt 373 nt 495 nt 947 nt 695 nt 3002 nt 1128 nt
"ACGT" BOX 1x* 1x* 2x* 1x* 1x* 1x*
246,
2579 2303 339 657 1021 425
AMYLASE
BOX 1 2X 2X 1x 2X 1x 4x
858-, 109+, 2972+ 103+, 200- 272-,
1131+ 629- 2204- 563+,
1845+,
2854-
AMYLASE
BOX 2 1x 1x 1x
73+ 2003- 633-
“CGACGT”
Osamy 3X 4x 2X 2X 1x 1x
258+, 134+, | 244 8-, 105+ 15+
923-, 375+, 247+ 242-
1180+ 1672-,
2301-
PYRIMIDINE
BOX 2X 1x 3x 1x 5x 1x 1x 1x 1x X
580+, 458+ 638+, 653+ 1366-, 229+ 23- 370- 366- 116-,
866+ 1132-, 2237+, 347+,
1440+ 2568+, 400-,
2720-, 792+,
2800- 2113+,
2165-,
2680+
SRE 2X 2X 2X
74+, 1728-, 341-,
191+ 2001- 508-
SUSIBA2 2X 5x 2X 1x 1x 2X 2X 7X
1437-, 1462-, 861+, | 351- 289- 88-, 431+, | 1148+,
1579+ 1534-, 1009+ 279- 526- | 1412+,
2012+, 2373+,
2928-, 2455-,
3001+ 2539-,
2842-,
2951+
“TATCCA”
osamy 2X 1x 3X 1x 1x
73+, 1046- 1480+, 632- 342-
190+ 1729-,
2002-
WB BOX 1x 1x 3x 1x 1x 1x
577+ 326+ 518-, 279- 2953+ 180-
1066-,
2928-
TOTAL 10 9 14 1 20 7 4 5 5 22 5
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Table 2.8: The sugar response elements (SRESs) recognized by PLACE Sanal S
Search in the predicted promoter regions of the ARP gene family.

ARP2 ARP3 | ARP4 | ARP5 | ARP6 | ARP7 ARP8 | ARP9
2942 nt 2637 nt 198 nt 360 nt 732 nt 146 nt 1016 nt 810 nt
SREs
"ACGT" T BOX 1x* Ix*
1246 1086
AMYLASE
BOX 1 1x 1x 1x 4x 1x
2584+ 568- 140- 355+, 17+
401+,
531+,
656+
AMYLASE
BOX 2 1x 1x
226- 491+
CGACGTosamy 3X 1x 1x
62+, 2547+,
2704+ 76+ 78+
PYRIMIDINE
BOX 6X 3x 1x 1x 2X
138-, 887+, 251+, 153- 313- 385-, 942-
1656+, 1767-, 2161-,
1871-, 2924+ 2408-
SRE 1x
1829+
SUSIBA2 11x 4x 1x 1x
479+, 538-, 813+, 52- 102-
742+, 801+, 1022+,
976-, 1038+, 1670-,
1069-, 2317+, 2376-
2322-, 2501+,
2622-
TATCCAosamy 1x 1x 1x 2X 1x
2464+ 185+ 225- 490-, 339+
879+
WB BOX 4x
210+, 976-,
1040+, 1069-
TOTAL 27 11 2 2 2 11 2

42



Table 2.9: The ethylene response elements (ERES) recognized by PLAGESign
Search in the predicted promoter regions of the ADF and ARP gene families.

EREs | ERE | AGCBox | LeCp TOTAL
ADF1 4 1 5
ADF2 0
ADF3 1 2 3
ADF4 0
ADF5 3 1 4
ADF6 1 1
ADF7 0
ADF8 1 1
ADF9 1 1 2
ADF10 1 1
ADF11 2 2
ARP2 1 1
ARP3 2 1 3
ARP4 0
ARP5 0
ARP6 0
ARP7 1 1
ARP8 1 1
ARP9 1 1
FIM 1 2 3
RGAP1 1 1
VLN3 2 2
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CHARACTERIZING THE PREDICTED GENE PROMOTER REGIONS OF INTEREST

Different combinations of the eleven recognized SREs were identifiedgathe
predicted promoter regions of interest using the Signal Scan Search component of the
PLACE database. Various symbols were designed to illustrate the résilis 2.10).

Using these symbols, the predicted promoter regions of the ADF (Figure 2.3) and ARP
(Figure 2.4) family members were mapped.

The predicted promoter region of the ADF9 gene contains five SRES: one
“AGCT” T-Box motif, two SUSIBA 2 maotifs, one pyrimidine box, and one
“CGACGT"osamy motif. Similar locations and orientations of these respoasests
could also be found in the predicted promoter regions of other ADF genes that did not
undergo glucose induced transcription repression, making it difficult to identify
distinguishable features of the ADF9 predicted promoter region.

The predicted promoter region of the ARP8 gene contains eleven SRESs: two
pyrimidine boxes, two “TATCCA”osamy motifs, four amylase 1 boxes, one amya
box, one susiba 2 motif, and one “CGACGT”osamy motif. Although a commonality can
be seen among some of the SREs identified by the PLACE database in the &®her AR
gene family members, there was a distinguishable feature unique to the gredicte
promoter sequence of ARP8. Four repeats of the amylase box 1 motif were located
approximately 500 nucleotides upstream of the ATG translation start site (ranadily
way through the predicted promoter region), spanning approximately 300 nucleotides on
the (+) strand of the predicted promoter region. This motif repeat was not idkintifie

any of the other predicted promoter regions of the ADF or ARP family mer(thgtse
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Table 2.10: The 11 sugar response elements (SRESs) recognized by PLACE, with
corresponding mapping symbols.

SRE Sequence Symbol
"ACGT" A Box ACGTA
"ACGT" C Box ACGTC o
"ACGT" T Box ACGTT )
Amylase Box 1 TAACARA !
Amylase Box 2 TATCCAT (o]

"CGACGT"osamy CGACGT %
Pyrimidine Box CCTTTT @
SRE TTATCC o
Susiba 2 TGACT A
"TATCCA"osamy TATCCA W)
WB Box TTTGACY L]
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Figure 2.3: The sugar response elements identified in the AGRIS prediceedrgaroters of thé&rabidopsis thaliana ADF
gene family by the PLACE Signal Scan Search program. See Table 2.10 for gaplahaymbols.
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Figure 2.4: The sugar response elements identified in the AGRIS prediceedrgaroters of thArabidopsis thaliana ARP
gene family by the PLACE Signal Scan Search program. See Table 2.10 foraéoplaf symbols.



2.3 and Figure 2.4, respectively), nor was it recognized in any of the other genes
associated with actin remodeling that the Petca. (2004) microarray study found were

repressed by glucose (Table 2.6).

DISCUSSION

THE PREDICTED PROMOTER REGIONS OF THE ADF9 AND ARP8 GENES CONTAIN
SUGAR SIGNALING RESPONSE ELEMENTS

Microarray data showed that glucose rapidly induced repression ofefings g
associated with actin cytoskeleton remodeling (Reti@. 2004). We confirmed by RT-

PCR that glucose does repress transcription of the ADF9 and ARP8 genes, but our data
did not show repression of FIM, RGAP1, and VLN3 (Figure 2.1). This difference may
have been the result of differences in seedling growth conditions between the. studie
Therefore we focused on the predicted promoter sequences of the ADF9 and ARP8 genes
to gain a better understanding of whatkacting elements might mediate glucose

signaling on the molecular level.

The predicted promoter region of the ADF9 gene contains five previously
identified SREs (Figure 3.3), while the predicted promoter region of the ARS8 ge
contains 11 SREs (Figure 3.4). The predicted promoter regions of the ADF and ARP
gene families were also characterized in a similar fashion to iddrttiy presence or
proximity of any of the sugar response elements identified in the ADF9 08 ARP

predicted promoter regions were unique to these genes.
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The ARPS8 predicted promoter region contained a single distinguishable response
element repeat motif, four repeats of the amylase 1 box motif. This rapgatvas not
found in any of the other samples tested for glucose induced repression, nor was it
identified in any of the SRE characterizations of the predicted promotensegfi the
ADF or ARP gene family members. Thus, this repeat might be important fasgluc
signaling.

Although the ADF9 predicted promoter region contained multiple SREs, specific
features unique to this region were not apparent. Many of the SREs identified in the
predicted promoter region of the ADF9 gene were also found in similar locations and
orientations in other predicted promoter regions of genes that did not undergo glucose
induced repression. These results suggest that glucose induced repressiof of ADF
might result by signaling through a combination of SREs and/or other hormonengjgnal
response elements.

The proximity of a response element to the ATG translation start site atsgp
be an important factor. Functionally active response elements have contr@enly
identified in the first kilobase of sequence upstream of the ATG transladidisise.
Focusing this study to the aforementioned region, rather than examining tke entir
AGRIS predicted promoter sequence, is another strategy to identify ueajueek in the
predicted promoter sequence of the ADF9 gene that might facilitate glsigoséing on
the molecular level. However, this analysis also did not identify uniqgue moiBIF9.

Perhaps other important motifs have not been identified.
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INTERPRETING THE PLACE RESULTS

Scoring the predicted promoter regions for the individual SREs required some
interpretation. The data produced by the Web Signal Scan of the PLACE database
identified previously published response elements in the (+) and (-) orientatien in t
submitted sequence. However, the sequences of some of the individual SREs share
extreme homology. For example, in 1990, the sequence TATCCAT was initially
identified as the response element amylase box 2. Currently, the sequend@ AKBTC
also recognized as part of the “TATCCA”0osamy response element. This dégree o
identity has created instances where one identified response elementelynoplerlaps
another. This situation brings into question the accuracy of the identificatibasaf as
separate response elements by the PLACE database.

One instance where this occurred was in the predicted promoter region of ARPS.
PLACE recognized an amylase box 2 motif located on the (+) strand 491 nucleotides
upstream of the ATG translation start site, while also recognizing a CG¥'osamy
element located on the (-) strand 490 nucleotides upstream of the ATG transéation st
site, overlapping the amylase box 2 element. This type of response elemeay overl
occurred wherever an amylase box 2 motif was recognized by PLACE.

There were other response element combinations that commonly overlapped in
the predicted promoter sequences of interest. There were six instances, Sjpainning
genes, where PLACE recognized the Susiba 2 motif (TGACT) as well asBHzow
motif (TTTGACY, Y=C/T) as independent response elements. In the prediciedier

sequences of ADF5 and ADF11, PLACE recognized overlapping “TATCCA”osamy
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motifs and SRE motifs (TTATCC) as independent response elements. In this study
response element overlaps were not counted as sisgleting elements, but rather were
counted as two independent response elements.

It might also be useful to examine the DNA identified in these gene promoter
regions of interest for genes being transcribed in the opposite directitwe. pifamoters
for two genes transcribed in opposite directions overlapped, instances could/becair
PLACE incorrectly recognizes potential response elements in the gene psoafote

interest.

THE PRESENCE AND POSSIBLE EFFECT OF OTHER HORMONAL RESPONSE ELEMENTS
Unfortunately, the simplicity of this study cannot be overlooked and the
complexity of the glucose signaling pathway must be taken into account. The mRNA
repression seen in the ADF9 and ARP8 genes may result from the presencdiof speci
glucose response elements, but could also be initiated by other hormonal response

elements through signal cross talk. Recent reviews have suggestedyileateatind
ABA have antagonistic and synergistic effects on glucose signalingctieghe (Leon
and Sheen 2003).

To investigate the potential involvement of ethylene response elements in the
glucose induced transcriptional repression seen in the previously reportedfRRT-PC
studies, the predicted promoter regions of interest were analyzed using PUAERES
(Table 2.9). Previously recognized EREs were identified in the majorihecfamples.

Although there is nothing unique about the EREs identified in the ADF9 and the ARP8
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predicted promoter sequences, the presence of these response elements madigdeat sig

in influencing gene transcription.

VALIDATING THE SIGNIFICANCE OF THE PLACE RESULTS

The results generated by the PLACE database come with no guarantéeleMul
databases of this nature contain disclaimers to the validity of their resulteudth a
specific response element sequence may be present, functional activibe megyendent
on other variables extending beyond the location and orientation of the response element
motif. These factors include, but are not limited to environmental stimuiboles,
and other hormone signaling events.

It should not be overlooked that the glucose signaling might also be transduced in
some combinatorial fashion with other still unidentified elements. Manudallyirad) the
predicted promoter regions of ADF9 and ARP8 genes might identify sequenceyidentit
overlaps at some level. These overlaps could potentially be unknown signaling
mechanisms involved in eliciting a transcriptional response. If these overlapsrey
too should be functionally analyzed for potentigtacting regulatory elements.

Characterizing the predicted promoter regions of the ADF9 and ARP8 genes with
the SREs recognized by the PLACE database is the first step in reuvbalipgtential
molecular mechanisms responsible for the glucose induced gene represaiamthe
RT-PCR studies. Unfortunately, this study was only able to suggest respamsatsl
that may be responsible for such repression. Experimental identificatioa of t

functionally active response elements involved in specific stimuli signaduch as
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glucose, might provide further insight to the molecular mechanisms behind signal

transduction in general.
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CHAPTER THREE

THE CLONING AND ACTIVITY ASSAYSOF THE PREDICTED PROMOTERS

OF THE ARABIDOPSIS ADF9 AND ARP8 GENES

ABSTRACT

Previous functional characterization of socreacting response elements
associated with sugar regulated gene expression has enabled progreaade be
understanding their transcriptional control. We have become more aware thar¢here
multiple glucose signaling pathways which interact extensively with o#lgestatory
networks to control gene expression. In an attempt to identify atshaeting glucose
response elements, the predicted promoter regions of the ADF9 and ARP8 genes wer
cloned into the pJD301 plant luciferase expression vector. The project’sgodialvas
to establish promoter activities via the maize protoplast transient expressiay
system, validate their repression by glucose, and then examine key eeslgmnents
after their site directed mutagenesis for functionality. However, the laétettable

activity in both promoter constructs made it not possible to complete the analysis.
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INTRODUCTION

Identifying the functionality otis-acting regulatory sequences in gene promoters
is challenging. Understanding how putative glucose regulatory elementsateogiethe
expression is not well understood and requires much more research. One approach to
study the function ofis-acting regulatory elements located in gene promoters involved in
plant signal transduction pathways has been to use protoplasts in transient@xpressi
assays. Sheen (1990) used maize leaf mesophyll protoplasts to demonstiiage that
transcriptional activities of seven photosynthetic gene promoteesrepressed by the
photosynthetic end-products sucrose and glucose.

When properly isolated from fresh plant tissue, protoplasts retain their cell
identity and most cellular functions. Using mesophyll protoplasts isolatedfifesim
plant leaves, aspects of active plant signaling mechanisms have beenegkami
Transient expression assays have demonstrated regulated gene expresspomsge e
internal and external signals, similar to that of intact tissues and plantappleations
of protoplast transient expression systems have contributed to our understanding of the
functions ofcis-acting regulatory elements atrdns-factors in many different signaling
pathways. Coupled with genetic, genomic, and transgenic approaches, oheskagir
studies have helped unravel the control mechanisms of the essential cis-gctiaipne
elements and transcription factors for light, phosphate, sugar, and cell cydbgion in

maize, parsley, and tobacco protoplasts (Sheen 2001).
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Recent studies indicate that the actin depolymerizing factor 9 (ADF9)ktind a
related protein 8 (ARP8) transcriptsAriabidopsis thaliana are repressed by glucose
(Chapter 2). ADFs bind F-actin to alter its helical twist and bind actin monomers, G
actin, in response to diverse stimuli. This enhances actin filament turnover and actin
filament assembly (Bamburg al. 1999). The Arabidopsis genome contains eleven
expressed ADF genes (Ruziataal. 2007). Transgenic studies using Arabidopsis ADF9
mutants suggested that ADF9, a ubiquitously expressed protein, particip&igslating
plant development and gene expression (Burgos-Reteta2008).

The actin family consists of conventional actin and various actin-relatedngrote
(ARPs), which share moderate sequence homology (Kandasan008). Eight ARP
gene sequences have been identified in Arabidopsis (McKeiraky2002). Protein
orthologs were identified in other species for the majority of the ARE gequences.
However, ARP8 was suggested to be a novel protein that is plant specific. Arabidopsi
ARP8 has a complex gene structure encoding a novel protein with distinct F-box and
actin homology domains (McKinney al. 2002). Studies using an ARP8 promofer—
glucuronidase (GUS) reporter fusion and ARP8-specific antibodies seddbat
Arabidopsis ARPS is localized to the interphase nucleolus, with a likely role iaahacl
functions (Kandasamst al. 2008).

The advantages of the protoplast transient expression system convinced us to use
this method to test for possible glucose regulation of both the ADF9 and ARP8 gene

promoters. Following this strategy, the predicted promoter regions ofshvesee
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cloned into an expression vector as luciferase fusion proteins and promoter activity

assays were done using maize mesophyll protoplasts.

MATERIALS & METHODS

AMPLIFYING THE PREDICTED GENE PROMOTER REGIONS OF INTEREST

The AGRIS predicted promoter regions of the ADF9 and ARP8 genes were PCR
amplified fromA. thaliana (Columbia) genomic DNA. The ADF9 predicted promoter
region was amplified using the forward primer
ADF9-F 5'-AACTGCAGAACGGTACACGCACGGGAAAAA-3', and the reverse
primer ADF9-2R 5'-CATGCCATGGATGAGTGAGCTAAGATGATGTCTTC-3'. The
ARP8 predicted promoter region was amplified using the forward primer
F-ARP8 5-AACTGCARACGGTAATCACCGGATCTGAG-3', and the reverse primer
ARP8-2R 5-CATGCCATGEGATGCGTCGAGTTTGCGGATTTTTG-3'. The forward

primers contain &st | (CTGCAG ) restriction enzyme site, while the reverse primers

contain arNco | (CCATGGQ) restriction enzyme site. These restriction enzyme sites are not

found in the predicted promoter sequences of the genes of interest.
When amplifying the regions of interest, 25 ng of the aforementioned forward and
reverse primer sets were used in the 50 pl PCR reaction containing 0.5 ul of Expand

Long Range Polymerase (Roche), 5.0 pl of 10x Buffer 3 with 22.5 mM MBGthe),
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2.5 pl of 2.5 mM DNTPs, and 400 ng of gDNA. An annealing temperature of 55.0° C
was held for 45 seconds, and an extension temperature of 68.0° C was held for 90

seconds over the 35 cycles of the PCR reaction.

ASSEMBLING THE PJD301 L UCIFERASE EXPRESSION VECTOR

The pJD301 luciferase expression vector (~5.2 kb) contains the cauliflower
mosaic virus (CaMV) 35S promoter 5' of the luciferase ATG translatashste
(Luehrsen and Walbot 1993). The CaMV promoter sequence (~700 bp) was removed by
digesting the vector with thést | andNco | restriction enzymes. The DNA of the
digested vector construct (~4.5 kb) as well as the amplified promoter iSRRS &
579 bp; ADF9 = 1044 bp) were gel purified and electro-eluted. The amplified ADF9 and
ARPS8 predicted promoter inserts were cloned into the digested pJD301 expression vect
using thePst | andNco | restriction enzyme sites designed into the amplification primers.
Ligation products were transformed into DiH&ompetent. coli cells and plated on agar
LB plates with ampicillin (Appendix B). Colonies were picked and grown in 3 ml
cultures. DNA was isolated by mini-preps and then screened for insert presagce us
restriction enzyme diagnostics. Maxi-preps were performed on samplesnitained

the predicted promoter insert (Appendix B).
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SEQUENCING THE VECTOR CONSTRUCT

With the assistance of the Clemson University Genomics Institute (Cth@l),
cesium chloride purified plasmid DNA from all the maxi preps were sequeniceptis
forward primer pJD301F 5'-CTGCAAGGCGATTAAGTTGG-3' and the reverse prime
pJD301R 5-GCCTTATGCAGTTGCTCTCC:3These primers anneal approximately 50

bp up-stream and down-stream, respectively, to the cloned region.

SITE DIRECTED MUTAGENESIS

To remove a false start translation site located in the original vemstracts,
primers specific for the individual constructs were designed. The 5 baselpaarde
was made in the ADF9 construct using the forward primer
SDM-ADF-F 5-CATCATCTTAGCTCACTCATGGAAGACGCC-3ind the reverse
primer SDM-ADF-R 5'-GGCGTCTTCCATGAGTGAGCTAAGATGATG-3The same
deletion was made in the ARP8 construct using the forward primer
SDM-ARP-F 5'-CCGCAAACTCGACGCATGGAAGACGCC-and the reverse primer
SDM-ARP-R 5'-GGCGTCTTCCATGCGTCGAGTTTGCGG-3..

The 25 pul PCR reaction contained 2.5 pl of 2.5 mM dNTPs, 1.25 U Pfu Turbo,
2.5 pl 10x Pfu Turbo Buffer, 25 ng DNA, and 10 ng of each of the appropriate forward
and reverse primers. The 25 pl PCR reaction was then split into two 12.5 pl samples, one
of which was kept on the bench top serving as a negative control, and the other put into
the PCR machine. A melting temperature of 95.0° C was held for 30 seconds, an

annealing temperature of 55.0° C was held for 60 seconds, and an extension temperature
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of 68.0° C was held for 10 minutes (2 min/kb of plasmid) over the 18 cycles of the PCR
reaction.

After the completion of the PCR reaction, the test tubes were cooled to room
temperature. At this point, the negative controls were treated similar topgéensental
test tubes. Added to each of the PCR product test tubes was 0Bpunl lof After
incubating the samples overnight at 37° C, 4 ul of each sample were transfatoned i
DH5a competenk. coli cells and plated on agar LB plates with ampicillin. Colonies

were picked, grown in 3 ml cultures, maxi-prepped, and screened for the deletion.

PROTOPLAST | SOLATION

Maize plants were grown 8-9 days in constant dark, then were subject to greenin
by overnight illumination. The digestion medium (Appendix B) with RS and R10
cellulases was placed on the 55° C heat block for 10 min and then cooled to room
temperature while mixing on a flopper. BSA (0.1% w/v) was added to the digesti
medium after equilibrating to room temperature. Second leaves were theatezbffom
greening plants and cut into thin strips < 1 mm wide. The tissue was vacuuratedilt
in the digestion medium for 20 minutes, then incubated for 2.5 hours at room temperature
with gentle shaking. After the incubation, the plant material was filtered throug
moistened Miracloth, washed with 7.5 ml of wash solution (Appendix B), centrifuged for
2 min at 1000 rpm, and the supernatant was removed. The pellet was resuspended in 10

ml wash solution and left on ice for 20 min. The protoplasts were counted with a
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haemocytometer, re-centrifuged, and resuspended in wash solution to give 200,000

protoplasts per 100l.

PROTOPLAST TRANSFECTION

Tenug of plasmid DNA was added to 1Q0of resuspended protoplasts, in 2 ml
microfuge tubes. An equal volume of PEG solution (Appendix B) was then added to the
tubes, and the samples were left at room temperature for 7 min. To stop the taamsfecti
600ul of wash solution was added. The samples were then inverted, centrifuged at 1000
rpm at room temperature for 2 min, the supernatant was removed, and the pellet was
resuspended in 1Q0 of incubation solution (Appendix B). The resuspended protoplasts
were then transferred into culture dishes that were previously coated witHfS¥#rom
and contained 400 of incubation solution. Protoplasts were harvested at appropriate
times by collecting into microfuge tubes and centrifuging at 1000 rpm at room
temperature for 3 minutes. After removing the supernatant, samples werkagte20°
C until processing for activity assays. A pJD301 luciferase expression gensiruct
containing a peBBCS gene promoter was used as a positive experimental control

(Schaffner and Sheen 1991).
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LUCIFERASE ACTIVITY ASSAYS

Prior to use, the Monolight 3000 (PharMingen) was allowed to warm up for 10
min and the injector was thoroughly rinsed with,dHThe protoplasts were lysed in 100
ul of lysis buffer (Appendix B) by vortexing at max speed for 30 sec. The lysed
protoplasts were then incubated on ice for 5 min. For luciferase activétysa$ssed
protoplast volumes of 28 and 50ul were added to 100l of assay reagent (Promega
#E1483). The blank values are luminometer readings of protoplast samples éabtver

transfected with plasmid DNA.
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RESULTS

PROMOTER CLONING INTO PJD3101

The PCR reactions produced fragments of 579 bp and 1,044 bp, equal to the
ADF9 and ARPS8 predicted promoter sequences, respectively (Figure 3.1). When
assembled with the cauliflower mosaic virus 35S:CaMV promoter, the pJD301 Iseifera
expression vector is approximately 5.2 kb. Removing the CaMV promoter region
resulted in an ‘open’ linear vector that is approximately 4.5 kb (Figure 3.2). When
assembled, the ADF9 luciferase expression vector construct is approyimatkb
(Figure 3.3 A). The ARP8 luciferase construct is approximately 5.5 kb (Figure.3.3 C)
Restriction enzyme diagnostics, using Bl andNco | restriction enzyme cloning
sites, verified the presence of the ADF9 (Figure 3.3 B) and the ARPS8 (Figure 3.3 D)
predicted promoter region inserts in the expression vector construct.

After ligation, the vector constructs were sequenced to confirm nucleotide
identities. However, sequence analysis identified a false trans$&idrsite beginning 5
bp upstream of the translation start site of the luciferase gene. It eladdtgrmined
that this was the result of improper primer design for the PCR amplificativeseTive
bp were removed using site directed mutagenesis. Re-sequencing the toaiieuc
their deletion showed that the ADF9 and ARP8 predicted promoter regions were

correctly present in the now modified constructs (Figure 3.4 and Figure 3.5).
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1.2 kb
1 kb

500 bp

579 bp 1044 bp

Figure 3.1: PCR amplifications of the Arabidopsis ADF9 and ARP8 predicted gene
promoter regions. Lanes 1 and 3 contain the molecular ladder, while lanes 2 and 4
contain the amplified PCR products of the ADF9 and AtARP8 predicted promoter

regions, respectively.
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~5.3 kb a—_
~4.3 kbj - ! [Cee——

pJD301

~4.5 kb

Figure 3.2: The pJD301 luciferase expression vector. After removing the CaMV
promoter, the linearized expression vector construct is approximately 4.5ké.1La
contains the molecular ladder, while lane 2 contains the digested expression vector
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: | § J

1.2 kb —

700 bp —

ADF9 ARPS

Figure 3.3: Screening the expression vector constructs for insert veoifidzdi | and

Nco | restriction enzyme diagnostics verified the presence of the 579 nucléntfe
predicted promoter region (lane 3) and the 1044 nucleotide ARP8 predicted promoter
region (lane 4) inserts in the assembled expression vector construct. Bathatengere
also linearized by a singkest | restriction enzyme digest (lanes 2 and 4). Lanes 1 and 4
contain the molecular ladder.
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GGTAC
ACGCACGGGAAAAAACACAGCTAGCAAATTGAAACGI TAATTT

GGTAAAGAAGAAAAATATTTTATTTTTAAAAACACT TAATATA
GITTTAATTGGTGATTTTCCCAATTCTGAACATATATATGATG
ATAAGITTTCCATCCCAAGITGITTTTTCTCATTAGICACTGG

AAACATTAATTACCAGCAATCAGTAGI TACTTTGATATTCCCC
ACACAAATTCAAATTTAAAAGAAATAATTAGTAGTACTTCTTA
TGACTGITTTTTTTACTGAATAAAAAAGAACTATATATAGGT T
GITCTTAACTATAACCACTAAAAAAAGGT TCTAAAATTAATTT
TAAAAAGAAAAATATATGAAGT TAACTTTTATATATTACACAT
CAAATTCCAATTTCAGGEGECECTGGTAATTTGGTAATAATTAAAG
AAACTCAATGGCCAATGATTTAAGCACTTCTTTATATAAGI CCA
CCAAACTACACTGATCTCCTCAACACCACACACAGCAAAACAA
AAAGCTCTCTACACT CAAAATATAACGAAAGAACAAGAAGACA
TCATCTTAGCTCACT

Figure 3.4: Final sequence of the ADF9 predicted promoter cloned into the leeifera
expression vector construct. The sequence in bold font is the AGRIS predicted promoter
region of the ADF9 gene. The sequence in black font is the 5 UTR region of the ADF9
protein. The sequence in gray font is the flanking pJD301 luciferase expressiom ve

The translation start site of the luciferase gene is underlined.

68



GGTAA
TCACCGGATCTGAGGATCCAATT TATACACAGCTTCTCCAAAA
AAAAATCTATGCCTCCGTAAATAAAAAAAAGGTAGT TAATCATT
TTTTTCAAATACTATACACGTCAACTAATAGCAGCCAATACCT
AGTATCCACGTGTCAGATACATCATGGAATTACTTATTTTTGC
CAAATTGGT TTGGATCAGATATTAACCCAAT TAACAACTAGEC
CCGGACTAATTCCCGAACATAATAAACCAATATAAATATCCGA
ATAGAATCTCGATTCCTATACTAGAATAACCAGTACCAAGTCT
GAACCAAACCGAATGGTAACCCGTAGECCGGTCTAAAAATTTG
GAAGCCAAAGTAACAAAATACTTTTTCTAAGGT TATTATAAAC
GGITTTGAAATTGAAAGT TTTTTTCGTAGAACTAAATATTTTT
GGGAACCATATATAATTGAACCAAAT CGAAACCGAAAATTAAA
ATCTCTTAACAAAACCAAAATCCCAAGACCCAAAATCCGAATC
TGAATGGATACGATCCAAAAAT GATCCAAGTAACCAAATGATC
AGAGGCCCTAGIAACAACACT TTTAAAGAGGAACCAAATGATCA
GGCCTGGTAACAAAACACT CTTAAAAAGGAAGAGGACT GCTCT
CACAACAAAATAACAAAAT TTGGAGT CGACCAGAT TAAGAAAA
ATCCACTAAAAACAATACTTATTGGTATTTTITCTGITTCTATG
AAATTTTGTAATTCACAACAACAACAATAAAAGT TGAGCACGT
GATATTGACCACTTCGAGITTTTTTTTTCCAATTGEECTCACA
AAATATCGTTATGAT TATTGACATTAGT GAGCCAGTACCAAAA
TTCTTCAACGCTATTGAACACGTGTCATTATATTAAACAGTAC
ACGT CAGT CAGT CTCATCCCAACTAGAAACGACGT CACACCAA
AGAAAAAACGCCGTIGT TTATCAAATTTTCCTGATTCGATTTTC
TTGGGAAAATTTCTGATTTCGAGAAAAAACAAAAAT CCGCAAA
CTCGACG

Figure 3.5: Final sequence of the ARP8 predicted promoter cloned into the kecifera
expression vector construct. The sequence in bold font is the AGRIS predicted promoter
region of the ARP8 gene. The sequence in black font is the 5 UTR region of the ADF9
protein. The sequence in gray font is the flanking pJD301 luciferase expressmm vec

The translation start site of the luciferase gene is underlined.
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PROMOTER DRIVEN GENE ACTIVITY ASSAYS

The pJD301 expression vector has been previously used to study the effects of
promoters, 5" and 3” UTRs, and introns on gene expression in plant cells (Luehrsen and
Walbot 1993). The light emitted from the luciferase reaction is measureHdiglg-a
sensitivity, low-noise photomultiplier. The luminometer reports this measuniein
terms of relative light units (RLU).

Protoplasts were harvested after 6, 12, and 24 hour incubation under constant low
light. Activity assays showed minimal luciferase activity foneitthe ADF9 or the
ARPS8 constructs, while the RBCS control construct had relatively high values of
luciferase activity. In an attempt to establish promoter driven lucifgeese activity,
different experimental conditions were tested using the ADF9 and ARP8umsstr
Unfortunately, protoplasts transfected with increased amounts of cDNA (up to 10 fold) or
protoplasts incubated in the dark did not express promoter driven gene activitiidor ei

the ADF9 or ARPS8 constructs (data not shown).
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Table 3.1: Average RLU luciferase values for the ADF9, ARP8, and RBCS promoter
constructs in transient expression assays. Standard deviation values correspond to four
data replicates. When compared to the RBCS positive control, the RLU values for the

ADF9 and ARP8 samples suggests these constructs are unable to generate promote
driven gene activity.

Samples 6 hours 12 hours 24 hours
ADF9 293 + 53 365 + 143 628 + 15
ARPS8 214 + 31 265 + 33 299 + 18
RBCS 5,126 11,652 60,766
Blank 167 217 247
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DISCUSSION

Our RT-PCR data showed that glucose repressed expression of the ADF9 and
ARPS8 genes in Arabidopsis seedlings (Figure 2.1). To identify possible sygamses
elements responsible for the signaling of this repression, the predictedt@roagions
of these genes were first identified using the AGRIS database, theffiehfpdm
Arabidopsis genomic DNA, and ultimately cloned into the pJD301 luciferase exjpressi
vector. Sequencing the cloned constructs revealed that the predicted progioter o€
the ADF9 and ARP8 genes were inserted with proper orientation (Figure 3.4 and Figure
3.5 respectively).

Using these constructs, we tested for possible promoter activities in maize
protoplast transfection expression assays. Unfortunately, we were nai gblestate
significant luciferase activity using either promoter construct for ADFRRIP8 (Table
3.1). In an attempt to establish initial promoter driven luciferase genéydifferent
experimental conditions were tested using the ADF9 and ARP8 promoter constructs.
However, increasing the quantity of plasmid DNA used for transfecting pretsalad
increasing the protoplast incubation period displayed similar results @athown).

The project’s initial goal was to establish promoter activities, valitheie
repression by glucose, and then functionally analyze key sugar responsaet€leyrste
directed mutagenesis. However, in this system these vector constiledtsofaisplay

significant levels of luciferase activity. Therefore, we did not make premnautations
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that might otherwise have further defined functions of speasiacting regulatory
elements.

It has been difficult to identify why these constructs are not expressinpfer
driven gene activity. Perhaps the predicted promoter region we identified is rat.corr
If our AGRIS defined promoter region lacked an essential transcriptioniontigihding
site found in the gene’s actual promoter region, our constructs would fail to gemgrate a
promoter driven gene activity. Further studies shall reveal if the A@RMStation for
these genes are correct.

Our constructs would also fail to demonstrate promoter activity if some of the
transcriptional machinery required for this specific form of gene &ctivére missing in
maize protoplasts, a monocot system. Our RT-PCR studies demonstratedbse gl
repressed expression of the ADF9 and ARP8 genes in Arabidopsis, a dicot spehies. |If
signaling mechanisms required for transducing this specific messageasiation
initiation are missing in the monocot species, then our constructs would failexatgen
initial promoter driven luciferase activity. Transfecting pea and/obidogpsis
protoplasts with the ADF9 and ARP vector constructs might help resolve thiofssue
lack of detectable promoter activity.

Other studies with similar research interests have used a varietyhoigiges to
provide insight to the role @is-acting response elements and to the complexity of the
signal transduction pathways in plants. The effects of SUSIBA 2, a transcrgatton f
involved in sugar-mediated regulation of starch synthesis, were blocked usingsantise

oligodeoxynucleotide (ODN) inhibition in sugar treated barley leaves (Sun2&iC4).

73



In thea -amylase promoter Amy32b, five elements, including the amylase box 1 response
elements, are essential for a high levels of GA induced expression i ragesient

expression of the transcriptional repressor OSWRKY71 by particle bombatrdme
represses GA-induced activity of the Amy32b promoter (Zhang et al. 2004).

As we move further away from the initial idea that plants process glugpssssi
through a single transduction pathway, we have become more aware that there are
multiple glucose pathways which interact extensively with other regulagiworks.

Identifying the functionally active sugar response elements in the pagicmoter
regions of genes that undergo glucose induced transcriptional repressioaduilsle

closer to understanding the signal transduction process at the molecular level.
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APPENDIX A

THE AGRISPREDICTED GENE PROMOTER REGIONSOF THE

ADF AND ARP GENE FAMILIES

Table A.1: The promoter prediction results generated by AGRIS

AGRIS Predicted Promoter

Gene Locus ID Location Promoter Size (bp)
ADF1 At3g46010 Chr-3: 1692394-16921803 1691
ADF2 At3g46000 Chr-3: 16920662-16919978 684
ADF3 At5g59880 Chr-5: 24137456-24134454 3002
ADF4 At5g59890 Chr-5: 24139652-24138852 800
ADF5 At2g16700 Chr-2: 7251703-7248795 2908
ADF6 At2g31200 Chr-2: 13301129-13300756 373
ADF7 At4g25590 Chr-4: 13060132-13059637 495
ADF8 At4g00680 Chr-4: 281644-280697 947
ADF9 At4g34970 Chr-4: 16653904-16653209 695
ADF10 At5g52360 Chr-5: 21279568-21276566 3002
ADF11 At1g01750 Chr-1: 275365-274237 1128
ARP2 At3g27000 Chr-3: 9960118-9957176 2942
ARP3 At1g13180 Chr-1: 4495024-4492387 2637
ARP4 At1g18450 Chr-1: 6348099-6347901 198
ARP5 At3g12380 Chr-3: 3942265-3941905 360
ARP6 At4928520 Chr-4: 14087572-14086840 732
ARP7 At3g60830 Chr-3: 22485048-22484902 146
ARP8 At5g56180 Chr-5: 22759256-22758240 1016
ARP9 At5g43500 Chr-5: 17486902-17486092 810
ACT2 At3g18780 Chr-3: 6474876-6472537 2339
ACT7 At5g09810 Chr-5: 3052166-3049806 2360
RGAP1 At4g35750 Chr-4: 16944867-16941865 3002
FIMBRIN | At4g26700 Chr-4: 13463661-13460671 2990
VLN1 At4g30160 Chr-4: 14753562-14751529 2033
VLN2 At2g41740 Chr-2: 17426956-17424665 2291
VLN3 At3g57410 Chr-3: 21263580-21262075 2793
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The AtADF Gene Family

The AGRIS predicted promoter region for ADF1 (At3g46010)

t caggcat ct cacact cact gt t gt cat cat gt agat t t gt ct acaaaat t gat ct aagat cat gagtt cc
at gtt acaaact ct aaagct gt at gcaat t t gt agt ct agt gact agact ct agt ct agt t t gt agaaaaa
tctttgacactgtctgtactcttgagctgattctgggectcttttcttaaaataacattattgggectatt
gagttaacgggctt caat gtt at at gcggccaggct ct agagt cacat gccggt aggaaacct gt cgcaca
aagcaaact cct aact ct ccacgt gt ct at aaacgat t ggt t gt aaccagcgt cact cagct ggt t cccat
caccgct at aat caaagt t t cagcggaaaat t ggagct aaaagagccccattgattcatgtacctttcatt
tagtttcgatatttcaaaagataattagcatgttcttttagttcacgct gcggcagecggt agcaacggt aa
cgt ct gagt aaaacgacgt at t at gaaaaat aacaat t t aaaacgacaccaaaact t gaaaat aacagat t
t agat gat t cgct gat gacggacgat gagt cgcaacagcat caaat gagt cgct caaat t t aacagcggca
ccttaatcttcatcgatgttcatcggctgtgacagtttttctcattttcttctttctgcataattgatttt
cttcttttctcccgttgecget gcgtt aaacaaaagat cgt ggct aat aaat at att cgacgccaatctta
gtggcatttctttttctatgtaggaaaagaatagtattatttccctttttctttgttacattaaggacata
ccaact agaat at t aaaaat t t gaaaccgat acat gaggt accaagtt catt caagat act cct at at gt t
aat aaat t at gaagagt ggccat ctt ctt aaat cgt tt agacaacaat attttt gaaaacggt caatt aaa
gaagaacccaaaaccttgcgaact attttat aat gt agttt at ggt caact gcaaagt ct gcaat gcat aa
ttat gcagtagattatgatttagaacaaaat aacaataattactaccttttgacccaaaaaaaattaacaa
taattttatattttaattttgtacatttttgagtgatttgctttttgaacttgtgatgttaaaaatatatt
ataaaatagatatgtgttttaccatttatttaatcagtatttgaatttttttcctatcatcgtttttcata
aatcttagttatcttttttttggagacgccgaacttattgt gaaaatgaagtatattttttgtagttgttg
tggtgttacacatcaatattttttacttcttaaaagttgaatcaagttctcaaaccaacaaactttttatc
gaat caat ggt acgacgaaatt caaaaatgttattacttactaattttatagatagtttaaaaat at aaat
taaaaattcagtttatttatataacaagaaaaat cagtgttattattgaaacacctaccaaaat aat gaat
caaaaacat aaaattaattatagtattgaattcataattcaacaatattattgaaaatttgaaatacatac
caaat aataatagttttttttcgtctctataatatggtggactcccgaat aaagttgaatg

The AGRIS predicted promoter region for ADF2 (At3g46000)

aagt aaaaaccaaagtttattatcatcatccccttgaaagatctattctcttattctgttatttttgagtg
atggtactggtacttgattatgtttttacattgtgttgtgaagttatgaacctataaacaacttcattcta
tcggtgtttcggtcttgtgttcgatgttgtctttggttttaaaat ggt gt gt aaggaccccaaatcgtcta
tt gaagat gaacccttttaggt at at cat t gat gaaat ggat gat t aaaagtttctctcacatttgtatga
aacaact gt ct at aggacaagattgatcttcagtttttttatttggtccactgattatgattggattggtc
gttttgaccattcattcttatgtttgtttccaaagaaattgcttgtgttgaccacatttgtatagccccaa
cat gaagt ggt accat at cat tt aat aaacacagat cat gattacactatttct aaacttgtgaacttatc
caccaagttat at cacct aat ccat gacatttt caat at aggtt gggcaat caaat aaattcttatatt at
gat gat t aacagaaat aaaaatttaactttgggaaat agtcttatccat atattatt at aat aaaccaaaa
t gt at agaaacat at aaacaaat gaaatt cgtttcatt cat at aaatg
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The AGRIS predicted promoter region for ADF3 (At5g59880)

tgacttagtttggttttat agaacaaaaat aacaaaattaagtattaaatcaaattattcggtttaattat
at agt caaagt t t gaaaaaat cat aat aatt t aagagt t t aagt at at at caaccct aatt t agt t gaaat
tttttcaaact aatggt ggttgtgttgaactggattggttatgttgccgaat at aaagt gagatttgattt
aaaat ggat t agaagagt t at cat ctt aaaaact aagacgaagt t aat t t t gagacgaagt t cat gaacat
tataactaaccttaatctgtttctgtttctgtttctgaagatgattacctaaaatcctaagtctcatactt
gat actt at ct aaagt at act act agaaaacaaaagtttacccttt caat gaagat agagtt at aaaaacg
ttttcacgagat atcgctttgat gt gagat agcaaagagt ctt aagacagt aact cttttgagaaattcct
aaatgcctttcgagataatgatttttttggttcatttatcttagagatt gaaaacaaattttactttcttg
tttgatcaattatatatgtttggtttttgtgagatttgatatcaatgtcat gt agagaat cacgcattcca
agttttcaact aagaaaaat acagat gggcttgtgtccataatattctttggacttggaattcttgacact
atatctatgtttgtttttaatatctatatatacatttttgcagccattttatgaaataaatcttgtagttg
ggacttatttacaatggttgccattggattttaatatttgtttttgataattagaagaaaattcttcgaat
taaatatttgacatttaacaattttcctaaaatctctctacattaactacacgattggttaataaaataaa
actttcaaaatatttaatatcatttaattactacaaaattatcattattgatattgtttttctgcatgact
attacaattcaatt at aat cat caaaccgcagagat attt gatagcatttaattact acaaaattacaaaa
tatttagacaat gatt cat aaacat at gat aaat aagat caacatt aat aaaat aaatgaattttttttac
gggacgggt t agcgggacgggt t agcgggacgggt t t ggcaggt t gt t act t aat aacaat t ct aaact at
aaaat aaaaat attttat aaat agttacat agat agttacaaattgtaaacttttatatatactaccttta
aaat at aaat t gt ct ccgcggt at accgcgggt aaaaat ct agt aacgcct at t at ggt t t gaaat at gat
tcatcacatattatatatatttttatttgtttgtagttttgtatgttttggggttttggctatgtttttct
at aaaaat caacacaat act aagt t gagt aaaat aaat t at t gaaccagt cagcgat acaaaaat at ct aa
t aaggaagaccaaat aat cagcat gaaaggt cgacaat t aat gaagaaagt cat t t t gt agaaat gcaagc
cttttgataccagcat agcat acgggcttctaaattctaatgctcacataatgtcatttattgtttaagaa
at at ct aat at cgct cgaaat at gagat t t gt t gt t gt cgaaaaaacat aat ccaaagagt t at caagaat
ct aaaat ctt gt gttat caat aat ct at aat ct cgaaggaagt at gcttt ggt t caat caagt aacacacg
t caat ctt aat cct at t gaaacaat ggt at agaaat at gcaaat acgat cat at caact aagat at accga
aaccaaat at at t gggat ct t t caaaaggacacgat cgggaact ct aact act gt t t gagact tt cct aaa
gtt at at cgat aact aacggt caaat acct gcaaat tt t ggat at at at aaagat at at accgagtttgtg
tataaacatgttgtttctcctaatcatacgttattggaaacattaacgcggtttgetttatgcaactttga
aacatttgctaatttgttgatataaaatttggctatttatactgtttagtttagtaaggaattaacacaaa
tgttttagcgcattattgcacatttgtgtgaaataatatactattttcgggaaaat cat aat cgaaat aga
attccaaaat ttccacgt ggcat at t at gaaaggaat at t ccagct cgggt aagct ggcct ccat caccgg
tt at gat gaaaggt gagccgaaagt ggagccaacct gagat gccccgeat gagagccat at gcttcttcga
cctttcattctatattctttccttttaaagatagcaact attgat caaaaaaaagaagaaaaaagat agga
act at agaactatagtctttttttttcaacgaagaacaaat at at ggtt at gaact attctt aat ggat gg
tcaaacagattttttgatttttttctaagaaattttgcat gt gaatacataactacagttaattccattca
actgttacttttctttgggt gaaacaat aggttggcaactt ggcat agat at caacat cagagttttgaac
aaat ct at cat cat t t aagaaat gat agaaaat caagtattgtttttcaaat caagaaat at caaagaaga
attctgtattaagtttagttctcatggaagccat agaat at at cagaagt t t gaaacaaacagcaaat at a
t ggaat aaaaaacat agtt at t ggaat aaat agaatagttattttttttt gttt ggcat aaaat aaagaaa
attatttgttcaacaaattgttacagatttcacttatgtatattttgaactaattcttatttttatattaa
ttaaat caagattttacttttgaaaaat aattaatgaatttat gaaacaat ctct at gt aaat aaaat aaa
gcaaat t aaaacgct cacacat g
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The AGRIS predicted promoter region for ADF4 (At5g59890)

gat gaaagaaat cccct gaaaat tt cggtt gaat caaactttttcgtactattact cagtgatgetttttc
ct aaagtttgct gt gacggt accaacct gaacagcttcattttatcagtttggtctttgtctttgtctttg
gtctcctttttgggtccttatagtgttgtcttaaaacttaaggaatctggettgtgetctttaccattgtg
gaagaaat cgaacccttt att aaacaagaat cct att ggcacat ctt gt ctt cacat aat gaaaact aat g
at ccagggat t aaaaagtt gt gaaagt t t t at aggcaagt t gat act gt gcaaaggt aat at acattttca
aacat aaggat ct ct ggat t gat agaatttcatttcgtacacgact attcacat att cgt caat gcgacta
tttcaggttcaaagt attaggaatttaggat agttccaat aacgagaagagtt gct caatcgagtttggtc
caat aagat aaact gaccat caaacat aaaat cct aat cgatacttttgattattt ggaaacagat ccaac
cattggcagttgtccattgctcattctacgcaatctttcaact gt caaat cttagcccaacaaaaat actt
agatgattattat at gtt gaccaaaacaat aat aat at gcttaccat at agtttattaattcat aaat aaa
t t gaagaat acgaaat t acgaagaaaat aaat aaaaat acaaaaagcaggttcttctct at at att cggaa
tttagcttccaaat aacgcatg

The AGRIS predicted promoter region for ADF5 (At2g16700)

t aaat t ggat gacgt aagacctt aaat ct at at agct ccaaataagtttcatttctattatatatcttcac
cact gt aacat aaaccaaattttacccggtt aagaaaaaaggaaaaaaaaat cttaaacattttttttgta
aact agttct acccaaaat gcactttt gagat cat att agccaat aaaaggggttatt gt ggatttgagca
ttttttagcccaaaattgaaaat gcatttagct aat agactttgaaaatatgtacttttatagagggaaaa
tgacgaatttgtccttacttttctctggttttttttcgatgttctttttcttcatcctttttttccecttg
aattgcttttgttcttccttcatgattttttctttttttttcctcacaaaatttaaatagtttttaatcag
agaaaact aaact gt aaggaaaaat agt at at aaaaagaaggggct ttt at agat at gggcat attt cagc
ccaaat at t agagaaat agaacat tt cat t ggact t at gaaaat aggcat att t t ggt ct gt aaaat t aca
gttttacccttattcttcctttcttcttccttctgtgacgtcgatttcatttttttttctgtttcttccaa
aaacttcattgatcttcttccttcttctataccttttgaacccaat aaatccaattacatgcattttgtta
aaagaaat ct aaaccct aat aggat gat at at at agggaacccaaat gttt caat ctt at acacat attaa
atcagttacttatttgagaattcaattgaatcaacctcttcaattacatgtttaacaagaaacccaaacaa
agaaaat caaagat tt aat aaaat ct acaaacatgttgatgtgtaattttagatggataatttaattgttt
ccttaattgaattctgtaaaagattgt gt agaagaagaagacgacat agacaagaaaaaaaaat att aatt
gct aat aat acgaagggt gaaat cgt caat acaacagagaaagaagt acct aat t gcat agacacat gat t
tt gt gcct at at caacaat gacat gacttttaagtgctttattcataattgat ccat aaaaagaacccaag
caacaaagtttgtgaattttgtgaatgaatggttctattttttggat aat gaaaatt agt agaagat gagt
ttt ggaagaaacagagacgct gct ct cacgt cgagatgttgttggctgttgtcgcttctctctegtctttg
agcaccgcat at ct gt gct acat t gct cacggat ggt t ct cgagat gat ggagt aagagt agaagcgt cat
tt caaat aagcaaaagt gctt gatttcgt aaacacttat aaaaatattggatcttatttttatttttattt
tt ggagct at ccagacaat t aact ct aat cat aat ggt tt at agatt t t gaaaaaaaaaaat at agatttt
gatttaaattttatttaatattcctgaaat aaaaaaagaat aaaaaccggaaaaggatt ggaggt gaaagg
cttgtcgacccaacgacct cacat ggacatatatttttctcacctaacattagattttaatgtttggtatt
ttggaatgatcttttacgtccctatgtatggaactttgattgecttgaacattaggcgagt gt gcacgt ac
act ct cgt acagt cgt act caat acacaaatt aatatcgatttttatat at aacagtt at aacacacacac
gtctatatatttatttacttatatttatgtacttgtgcgtatatatatctatatatggtatagtacaaatt
cat gggt cgacaat at at gt t gt gaagt t gct cact t t gt accggt cat gatttcat at att ggacaattt
cat gggaagact cggat agt t t cggaat t t aact aaactt t t gaaat t gt gt agt gacct t caacgt at cc
ttatcttatattctatttaccatttgtgcttgtactaccagtttacccctctcacatat gact at aat aat
aatttcttacctataactattagactattattgttttggatgccccatgtcatcgctgaattatctgtttg
aat t gt caactt at at accaat aat agaagat gaaaaat t aacgaaat cgaaacgagat aat at gagat cg
atatctcaattcttagctttcacgcaaagggtcacttgagttttgagt aacacgaaatt gt aaagat caat
aaaattgtgggtgttggttttacttggaggatccacttctattcattgggagtttgggaccaccctctcca
ttcctagcgtcacatttttctaagtattttaattgcatataagcaagcattgacctattatttctcttcett
cgtatcctatatatacatatactttgattttctttgtaatcccataatgtgtttagtcgcgcaccctataa
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t cat aat ggt gacgagaggt t cgagaaaaaagt ggt gaagagagt gccgacgagaat gttttt caaagatc
at aact gaat aact aatttt at ct at aaaagaaaacactaatctattatgttttttcaat ggttgat caat
tcttttgcaaat gaaaat gtt gat ccaaatt ccat acgcaaat aaat cgttagatatttttaaaatatata
t aaaaaaaatt att agat at t t at cagaaaaagacaagat tt at t agt gcagaacacacggt gacgt t aat
at gccgacgagaaaaagaacaaaaat at t cgt ct ct aacaaaaaagt tt acaagggt gagt t t gt aat aag
agt aaat agt gat cgcat tt gt at aggcat aacttttt at at aaagacct caaagt cttaccatttgaatg

The AGRIS predicted promoter region for ADF6 (At2g31200)

at ct ct gagacacgat ggcacagt caggt t ccgaacgt t aagagt cgccggagt t ggagt gaaccaccaca
acagt aat cgcct agagccgt ct aaaaacaaaat caaagagatt at ctt aacaacgacgtcgtttcttcgt
tccttttctacttctgaggcccaaatgatttttgttactattcactaatgggcettaattaaggcccaat at
t gat agat acgcggcgact agt t aaggggcaacaaat at ggcccact t aaaaagaaacacgacttttctta
tcgcgttgttctaacgccaccgaccgaacacttctttttcttct gcaat aaaccaaaaaaagtt aaaaatt
caaaaacttaattactaaatg

The AGRIS predicted promoter region for ADF7 (At4g25590)

ttcacaatattctcacataacaacaaatctttcgatcttcctcaagtcttatcatagaacct agacaaaag
caatggtttgttctcttctctttttctaattcatttgtaggattgtttggttctagcattacatgccatca
atgtgatgatttttttctagtcggggcgaaagat acacgat att caaat ct at gaaat gt act agt cacaa
aatctgatttaatttttgtctaatcatatgttaattagacgtcgattttaccatgttattgacgtgtctct
cattttacatgctatattttgtgtcttgtctagttcataattgtcataactcaattgctagactaagatta
ttactaatgttttgacatat ggaaattagt aat ggaaccgaaaacgcct agctaacttgaaagtatttttt
t cccccggt at acaaaaaat gct ct cct cct aat t t at gt gaat gaaaaggcgaacgcggegt cggggaat

g
The AGRIS predicted promoter region for ADF8 (At4g00680)

t gat acaat at at t aat t agaat cagt accgcaacaagcttcttcgtttctgtt gat gat act aagaaatt
gttgccatctttaaaaccccgattact agaagaat gttcctcaatcctatcatcattatgtttaacaactt
gttgagattgt gaacaccttgctgetttcttttttaatgacact gaagaagcacgaaccaacaattt gaac
ct gagaaat cgt tt gcaact ggcgagaagt ct t t gt ct gaaact cgat gt t ct agt acaagacgaagagac
t ggt tt gt ccgagat ggt gcgat t gcgaat ct t gggt acaagagccat t agagat cgact t ct caggaaaa
aaatattttagggtttaaacataactttcttctacttcacccact cgagagaaacgt caat gttggaaatt
gaat ctttgcttaat cgt gt acaagt gaaat cagaagagaaaggt gagaaaat gaagt gt agagagat gt g
t gt t t aaggaagaagaagaggcgcgct cgagt gt agaagaacgaagaagaagaagaat agt agt gaaggaa
aagagagaaaaaggccat t gggccagaagt gaacaaggcccaat t at gggt t caat ggt cgt t t gggccgce
at aaaacaat at t t agcat agaggct aaagt caaagt at at agaagagaaaaaaat at at at aacat gttc
at cat gaaaact t caacggt ccaat gat ct cccgaccaaagt t gagct cat at gcaacaaacacaaat aaa
tatagatttatatgtattatcaaggattaaaact at at at aggttt gaaaaaaat gggcacgacgt gat ag
cat caaagt cat ct at t t caagacgt gat cagcct aaagaccaaaagaaaat at caaat at t acccaact t
ttgtgtttttcctcaacctcataaatg
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The AGRIS predicted promoter region for ADF9 (At4g34970)

ggt acacgcacgggaaaaaacacagct agcaaat t gaaacgt t aat t t ggt aaagaagaaaaat at t t t at
ttttaaaaacacttaatatagttttaattggtgattttcccaattctgaacatatatatgatgataagttt
tccatcccaagttgttttttctcattagtcact ggaaacattaattaccagcaatcagtagttactttggt
attccccacacaaattcaaatttaaaagaaataattagtagtacttcttatgactgttttttttact gaat
aaaaaagaact at at at aggt t gt t ct t aact at aaccact aaaaaaaggt t ct aaaatt aatttt aaaaa
gaaaaat at at gaagttaacttttatatattacacat caaattccaatttcaggggct ggtaatttggtaa
t aat t aaagaaact caat ggcaat gattt aagcacttcttt at at aagt ccaccaaact acact gat ct cc
t caacaccacacacagcaaaacaaaaagct ct ct acact caaaat at aacgaaagaacaagaagacat cat
cttagctcactatg

The AGRIS predicted promoter region for ADF10 (At5g52360)

aaacct agcat cgaaatttgtatttttttttacctctgtacacagatatttgacttatgatctgaagtgta
gttcatgttatttagagagtttaacattatattctctgaaaacgtatttgaggctatactgtcacttgttt
gtttgtttgttaagagtagtcactaagattagatttggttgectgtattgattcttttgtaggagggaccaa
atttgcaagttgtttcatat gcaagggacaagggcacat aagcaagaact gt cccgaaaacaagcat ggaa
tctacccaat ggt acaat gct caaatcttgtttcgagccttttcttttcct cat agaagatgagttttgat
at gtt gaacaat ggat tt ggt gggccttctttt gcagggcgggt gt t gt aaagt gt gcgggagt gt ggcgce
at ct cgt caaagact gt cct gat aaat t caaccaagagt cagcccaaccaaagaagact t caagt aacat t
ttcttttgtctcactcttccaattcttgagettctaattatgtgatcctagtcaagtagtttctctttcaa
gt gat t cggaacagt gaat gcgat ctcatttat ctt at aaagaccat aatt gt at ct ccct gact gaaat g
acaggat t t gat gct acaccaagaggaaagct cact aagt t t agt ggggacgat ct t gaagacgat tt cac
t gaagagcccaaaagcagcaagaagat caat acct ct gat gat t cagct cagaat agt gt cgaggt gaaga
aaaagaaacaaggt ccaaagatt gt caattt cgtt ggat gat cacaagaggat cgaaaagggt cat caat t
tt gt aggat at at caaaagttttgttttctaatctcccttttagtcttgtgtaagaacaaaaaaat cct ag
ttattcagaacaat gct at gt aat ggaaccacacagccaattctgtttcagat aatcttctaaaccgaaca
aaacccacct agaaccaaat t aatt at aacat at agt ct gt t t gt gaat aaaccaaaagttgt gcttctcc
t cct caacct cagt cgccgat ctt caacagt ggct gaaact t gagagagagagagagaggaagagagcgac
act at ggcgat gacactt at t aacagagcaat ct ct agaaccgaaaccgt t ggt gct t t cagact ct cgct
taat ctcttaagaaatttctctgcggcgccggcgagt gaaaaccct agect ccgat t cgagt aaaccgaaac
gaagaaagaagaagaact t aat cgaagtt gct cagtt cttacct aatt ggggaat cggat accat at ggct
aaagct cat t ggaat ggaat ct ct t at gaaat cact aagat caat ct ct ataaggttcttcttctccttgt
ctttcatctctgaaaattgaaaagtttacatttttcttaagctgagaaaaagtttct gt aaacgaaat cat
ttggagtttgtttatctgattaggggttttgtttgattttggaat caaat gcaggat ggt agacat ggaaa
agcttggggaattgttcacaaagatggtgacttttttcttcctcatttgtttagtttttatgetccttgat
ct caaagttgaagctttttgtcat gt gcaggatt gcgagct gcagaagct ccaaagaagat aagcggagt t
cacaaacggt gt t ggaagt at at cccaaacct gt caaagact gct cct gct acaacct ct gct cat gt cca
agctgcctgatctgttgtgggtacttgttgatcaatctgtttgegetttcttttattgagaagaagat aca
gttgttgtgacttgatagtttctttgaattcgttgatagctttgtaggaaatctacggatgatgatctgtt
gttccttcttcttgttaagactttacatttcctgagttatgattttgtggggttagetactattacgtatg
aacttgatttgtaggaggtcttctggttttaaacatgtaataaacgacct caattacgagtggcaggtttt
agtttctatcttccagaatttggtgaatcctaaaccaaaattccaaattttcaatatttgaaagtctccat
gtt at at gcaat ggaagat agt ctt gt t ggaccaat tt aacatttcttccaaccat aacgaaaaaagcat a
gttgtacccctttttccttggact gaattgcat cacagact ccaaaaccatcgttttgattcacctttaat
gaaagcagtttttggttgaaccaat gttagt aaagt att attaggaat ccacat at gaaccaat ccagt at
cat at at at ct aagt cctt gctt t aat ggat at at ct t cat gt aaccaaagat ct ccaagt at at gagat g
ggttctattcaatagctttgtggttaacaaagaaccaattttaaaatctctattgaaccagtttgaatcca
tt aagcagcaagaagat caat acct ct gat gt t t cagct cagaagagt gt cgaggt gaagaaaaagaaaca
aggt ccaaagat t gt caat tt cgtt ggat gat cacaagaggat cgaaaagggt cat caattttt gt aggat
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atatcagaagttttgttttctaatctcccttttagagttgtgtaagaacaaaaaaatgctattttattaag
aacaat gct at gt aat ggaaccacggccaat t ct gt t acagat aat ct t ct aaaccgaat aaaacccacct
agaaccaaat t at aacat at agt cctt gat aaggat gt aagaaat gct aaaat t agt gt gaaaaacgt ccg
gaaagaaaggat at ggt t aggcgaat t t gaaggat agagagt aaaaaaaggt gt ggt t t gat gt t at aaga
t ggagaggt att aat ggt t gt ccgagttcgt ct ccatt ggcct ctt caaat caaatt aagaatctcttatt
cccccaaatttttcatttctatg

The AGRIS predicted promoter region for ADF11 (At1g01750)

at ggat gcgtt gctt caaat ttt caat t at aaggt aact ggggt aaat at gt ct ggaaacaaggagaaat t
t cccaat cttact act t acagagagat at cacgcagagat caaaat t gaaaat ggggt acagaaat aggt ¢
gt acctt gt caagt cgct accat t ct agt gagccaact cggcggct agt gacagcgagaccagt t act aat
t t ggaccagat gaaagaaagaagcaaaacacagct gaact aggaagccttctt at ct agt cat ct agat ac
acatttgccgccggtattcgt at cgat gggattctatttctcgcact aget agt agct aaat ccacgaagt
ttccat at at aacttt ct cgat at caat aagaggct tt aaaaaacact ccagaagaagagagact gt attc
cgat gt t gaagt agccaaagcagaccgggaagt gt cgct agacaaat agt at accgacagagt at aaat at
t at ggt t ggact t ggagaaggcaaacaaagaat ct aaagccgccacaaattttctcaatttaatt gatcac
gt acaaaaaat at t ggggt t t t at gt aagcgagt gt gt ct gt ct t t cggt gggat aagcccat gggcett at
gttaggccct catt gaccaacaatttttttctgtttggt cctcaatt aaccaaaacaat agaaaacgtttt
t gt gagt ccaaaggttttattttct cgacat gacact gatacaattggttgcttattttgtccaaat ccat
tcttt ggat aat at gat gat caat at ct gcagt t t at cat agcgcaaaacccgt t t gaagagaaat gacga
aat cgaaggctaattattgtttttttcgct aaattctaattaaat ccgcacccaat agattagcaaagt ct
acgaccaatt gt gaggaaagaaaaagt caaaaaaat t gaaat aaaaagaaagaaaacat gt acat cat gaa
acct caact ccccaat gat gt ccggaacaaact t caccacat gt gct t gcat at acacat agat acat gt g
t att at gcgaat gcgt gaat aact gaat at aat at agact cact ct aat at at ct aat gaagt at g
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The AtARP Gene Family

The AGRIS predicted promoter region for ARP2 (At3g27000)

aaaaaaaaaact cgataccttttgttttacaaagt cgt cacaattct gaaaccctt aattgaat ccaagag
aatttttgattaaattaagtctctggaccct gaagt ccccacacaagcaagctt cgat ggat cccaagaac
ct aaat cgt caccaagt accaaat tt ctt gaacccaccaccaccaccgcgaaat cagggttt ggt agat ga
tgatgctgcttctgetgttgttt ccgacgagaat cgcaaaccaacaact gagatt aaagatttccagatcg
t ggt ct ct gctt ccgacaaagaaccaaacaagaagagt cagaat cagaaccagct t ggt cct aagagaagc
t ct aacaaagacagacacact aaagt cgaaggt agaggt cgacgaat t cggat gcct gctcttt gt gct gc
taggatttttcaattgact agagaattgggt cat aaat ct gat ggt gaaact at ccagt ggct gct t caac
aagct gagccat cgatt at t gcagct act ggt t caggaact at accggectct gectttagettcttcaget
gcaacct ct aaccat cat caaggt gggt ct ct t act gct ggt t t aat gat cagt cat gact t agat ggt gg
gt ct agt agt agt ggt agaccat t aaat t gggggat t ggt ggcggt gaaggagt t t ct aggt caagt tt ac
caact gggtt at ggccaaat gt agct gggt t t ggt t ct ggt gt gccaaccact ggt t t aat gagt gaagga
gctggttatagaattgggtttcctggttttgattttcctggtgttggtcatatgagttttgecatctatttt
gggt gggaat cat aat cagat gcct ggact t gagt t aggct t gt ct caagaagggaat gttggtgttttga
atcctcagtcttttactcagatttatcaacagat gggt caggct caggct caagct caaggt agggttctt
caccat at gcat cat aaccat gaagaacat cagcaagagagt ggt gagaaagat gat t ct caaggct cagg
tcgttaaaaggattgggtttttttttgtatcttctggatttgaaaaagcttttggettttgttttgtgata
atattgttgtaatttgtaccaccat ggagaagaaaaagaaaaggtt at at act gagt gagagt gat aat ct
at actt att gaaacct ct gcaaaaacacaaggt gagt t caat t t gaggat gat gat acaagagagt ggaat
cttcaaacctttttttccgagtgtttgtgacaattttttggcagttgttgtttgaacttgcaggt ggagtt
t gt t gaat acacacagccagagatttttttgtttggagtctttaagttgcagagaggcttgtttttacttg
ttctgagttttgttgctttt gaat at caagaaaccggcttttttcagat agt acaacaat ggt aat gtata
cttgtcttccatcacatatttgtagaatgaagatttatagctctcttttgctcagtattcttctattgcat
ctccaaagattgttctctttcgttcgatctctctgaatgagttaaagactttcgtttagagtcgagtgtaa
aacacttcgctgcat gttctgattcagtggctttgagct gcaat ggatttcacaat gat ggt aacgttgta
ttctttaactcttacttacattcatgttattgccctgagtgtgccgttaact gt gggaaggttttgaacta
ggt acaaaccct t cgcagtt gggaaccaaat aagct ggt att gcatttactctttgccttgcaagettttt
caaagat aagt at aaatt gt t caacgagt caaaaagtttatatcattttactcattttgacttgaatttga
cggaact aaggaaagagact aagagagagagagagagagaggt t aacgagt caaaaagtt gct t gat ct ct
at gat t t gt ccaaccaat caaaacaagt gaagaaaat t caaaaacat t cacaaagctctctctttcccttt
t gagcaat gat ct aact caacact at ggt ccaaat acaact ccaat agat ccat t ccaaagcct ccct cat
gat gagagcgt gacttaagttgcttactcttttaatttccattctcttcgacacattgggcaaggagettg
acttgtctacgaattcttccatttcaat at acagaagt gaagat gaaacgcgt ggttacttt gaggtctaa
gacat gcagttttgttcttaccagaact aaat aaagcagct t agcaat gt t ccagt aagcat gagagacag
t gt gt gt cct aat t aacct at at aaaagt gaaaacat gaaagct gatt tt acat cgaacaagt cat t ggac
ttgt gt gt gt gaaact gt aaaagtcttatcttatttttactatattggt gact gatacataacatgttgtg
acaggaactt aatttacaacat gttat gt agaat aaatttt agt att gagacaacat agagacaacaaaaa
aacct agaagaagat t gat at cccaact t cgt accaaaaccct agt aacat cttt ct cgt aacat aaccct
aat agt gat t gaaat ct ct gat caagggat t gcat gat gatcatttactaattcttagtttagatcatcta
gaagat t gtt at acaagt aaacagaatt at ct gttt gacct aat at gggcct gagat agcccat caat acc
cacaaccaagtt aact ccat ct caat aat t cgagaaaaggggt aacgt atttaataattttttct at gt at
t gaccgtttgcact acgt gacgttttcacgt agagt aaacgacgcgcatt ctt at aaagaaacgaggaaac
agctgctttttgtttgtcgaagagcaaatatatg
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The AGRIS predicted promoter region for ARP3 (At1g13180)

gat ccggt gaaggagat cgaagaaat gt t gagt t t gaact agaaaaaaaaagagaagcagagagagcagca
at ggagggct cacagat ccaat t t aaggcagt t gt cagt aaaattttttt gt gttt gt gcagt gt gcagag
act ct gcat agagaagagagagagat agagagagagggagcat ct ct ct gaaat cgt t t aaaat t aaat ca
t gaaaat agaaat aaaaaaggt aattatttttact aat aat gct ct gagt caacataattggtgttttcta
t ggaccaat cct act agagcat agat t at at gt at cgaatttccatatttgtttt gaaacat aaaaat att
taccaaattgttactgtcttttttattttttgttggtctcaataaccaaaatattcggtaccaatactcaa
ttccatattcaaaatatgttgtgtgtttttttgttttatggattaaaat aaaaggaaccaagtgttttaca
agagat gttt agt t gt aaagcccat at aagcccaat aaggat caaat aagaagt t ccccaat gt cgagecc
agt agat gaaat gat agt ccacat aat gggat gaaggcgaat gagt t gat ccaaact ct caccaaat cgag
aaccaagtttgcat gcact caccataggagtttattttgtgttttatgtttgacgttctcgggggttttgg
ct at at agaaaat aagaagat caaact aat t aact at at t aagaatt gaatcgctttcaaattgatttttt
ttaattccgtgtttgatcagtttaatttatcctaat caaat actcat aacccat at at gt gat att agaac
at gaggt gat ggt at act caact gctt acacct act aact cctaattcttaaaatttgattatcaattaca
attaacggttttaattataatgttaaagtccatttcaaattccagtcacaatttttattccatctaaagta
atttgatacaaatttgattttgcttcgaatatggttgttttgtcaacggttttttatatcaaatatagttt
tttttctcttttcaatgcaatcggttaggtggtatttgatttttccttcaaattgaattttaaaaaattca
ttttgttcttgatgatacagttcaatttatctgaattaaacaatcttaaccatattgaatattaaaacatg
agtattgtatatttcattatgattacacctcatttacccccaaatctctttaatcaataaacttgacatga
t cat gaaaaaaaat catt gttt aaaaaaaaaaact aaaacaat aaacaaatatttgttttgatagttcgaa
t at aat act gct aat acatt gat gagt at t t at aagt aaaaaaact t gt agaat ctt aaaaat atatttag
atcgtcctttatcaataaaatttgtacaaaatgcgctttgtaatattttttctttacggttacatctttat
attttatttttattttttgct aaagt gaaaaaaat agt gcattctttagagcttt gaagaacgtt ggtaga
t caacaat gagt cgt ct ggaaaacat gt cggcaagagat gct t acagcaat gt gact gat ct aaaaacgat
agccaacaaat t cgt aaacggcgaat at t aaat t gaaaaaact agt gaat t gagt at cacat at ct gcgt t
aacgaatttagtaatttgttggacgaat gt agt aatt cgtt agat gaat gagat caat caagccatttaaa
aaaat atatattcattcgcattgtagttttacacat accacctaacatt gact at aaaaaat at at at gaa
aaagaaat ct gt t gcaagggagact aacct agcccaacaat tttt aaagct ct agggcaaaat aaaaattc
aggaccttatattcatgtt anaaaaaaaaatttatatatttgggcatatttatactaaaaattattttgtt
tgggtcttttgaaattttattaccttgaaaacaggtcatactttacactt aaat gct aaaacatt gggceta
cattttcattttgttatttaaacggaccggt at gagt gagacat gcat gat gatttaagcttatctactca
at aggat t aggct gagact gat at gattccattttt cgagaccgt gt gaacat agt t cat gat aact act g
t gt agt aaagt agt aacaagactt caat ct caagttttaat gggttttgttcggt ggttcaagcgtcctta
tcataagtttgtttttctgtcttcactacacacatcttaat attgagttaatccaattaacagtaggcata
t at cat at at cat at at cagaacattatttgtgttatgattaccttttatattatcaaagtccctagttaa
tttggtttgtttacaaagacgattacagt atattat at at ccaaacaaaat tt gt aat gat gat aat cagc
ccagtatggttcaattcaatgttattgaaatttgtttggtttttaaat cagacttggttattgagtcgggt
t ggaaaaccaaat t aaccacagcgcat aaggacgaagccaaaat t t aaaacagt agt t gt acat aactt ca
tttgttttttatg

The AGRIS predicted promoter region for ARP4 (At1g18450)

gcatagacattttatttggcaat aaat cagcttcgtttact gcaaaaagggt ggt cacaaaagttggttcg
gtttagaaaaattgtgttcggttcggttagtttcttgaataatttaaacccgacggatt aaat gagaggtt
tt gt ggt ccccacaact cgaact cagt aaaaccaagt cgacccgat t cagct ggat at g
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The AGRIS predicted promoter region for ARP5 (At3g12380)

ttgttaggttggagaagaccgagt gttaatt att gcaaggaaaat caaaaggcccaaaacttttat at aaa
atcgcaat attacacatt gt ccgttgggcttat cagct ggaaaaaat t ggt cggaat attt cagt t aaaga
aaagcagcaaaaaagacaacct at gt cggaat acgaaaacgccgt ct gt ggggat cgaacccacggccacg
t ggt t aaaagccacgcgct ct accact gagct aagacggcett acgtttat gt caacgacattaaactattt
attcaattatcaagtcttttttaagtcagagggttttgggcctaataatgtttttccacgt cacggagcetc
catttatg

The AGRIS predicted promoter region for ARP6 (At4g28520)

ct att ggagt aaat gggacggt gt cacattttccgttttggaaat gaactttgggct cacgttatgggcta
ttagatatttgatgggctttctagtaaatacaatataagttattgggcttagtttaaataagcccatgttg
gaaat at t t gacacat gt ct t ggct act agt gct aaacat gcaaccgaacagt t gt cgagacaagt cgcag
cat at acaat ggat caaacacgcct agt gt cgccgcegt ct cgct cat gt gt caccttgtttcctegttttt
ttttaatttttcataagttcttttgttttatcttcaatacaaatttttggctgtatcttgcaaactcttcg
at cat at cgccaat at acgt gaacact ggtgatctaatttgttgtgttaattgttaaatttagattctatt
ctccggttt aaaagt gaat t at at gt at cat ggt t aaaacat t gt aagt aagat gat aat aaaat gat aaa
tttagttgat ggat aacgt gaagcaaaaaat gagat agatacatttgattttgtcgtattttgacatatgc
ggagagt gagct acgcgcat gaagat caagagacact t gct cgagct cacagagt gacgt gt aaaaagct t
agact gaagt ccccat gcaaacct aat cct acgt ggct caaaccacgagct cact t gacaat at at aaact
cctcctaagtcccgttctcttcatg

The AGRIS predicted promoter region for ARP7 (At3g60830)

ctggctttgttaacaagaaaaagacggagact caaaacaat accgttttggacgt ggaaattacgggct gt
aat aggctttataatgggccttatttgggctttgaattccaaagaaataatctttcttttcttttcttctt
cttcatg

The AGRIS predicted promoter region for ARP8 (At5g56180)

ggt aat caccggat ct gaggat ccaat tt at acacagct t ct ccaaaaaaaaat ct at gct ccgt aaat aa
aaaaaaggtagttaatcatttttttcaaatactatacacgt caact aat agcagccaat acct agt at cca
cgt gt cagat acat catggaattacttatttttgccaaattggtttggatcagatattaacccaattaaca
act aggcccggact aat t cccgaacat aat aaaccaat at aaat at ccgaat agaat ct cgat t cct at ac
t agaat aaccagt accaagt ct gaaccaaaccgaat ggt aacccgt aggccggt ct aaaaat t t ggaagcc
aaagt aacaaaatactttttctaaggttattataaacggttttgaaattgaaagtttttttcgtagaacta
aatatttttgggaaccat at at aat t gaaccaaat cgaaaccgaaaat t aaaat ct ct t aacaaaaccaaa
at cccaagacccaaaat ccgaat ct gaat ggat acgat ccaaaaat gat ccaagt aaccaaat gat cagag
gcct agt aacaacact t t t aaagaggaaccaaat gat caggcct ggt aacaaaacact ct t aaaaaggaag
aggact gct ct cacaacaaaat aacaaaat t t ggagt cgaccagat t aagaaaaat ccact aaaaacaat a
cttattggtatttttctgtttctatgaaattttgtaattcacaacaacaacaat aaaagttgagcacgtga
tattgaccacttcgagttttttttttccaatt gggct cacaaaat atcgttatgattattgacattagtga
gccagt accaaaat t ctt caacgct at t gaacacgt gt cat t at at t aaacagt acacgt cagt cagt ctc
at cccaact agaaacgacgt cacaccaaagaaaaaacgccgt gtttatcaaattttcctgattcgattttc
tt gggaaaatttctgatttcgagaaaaaacaaaaat ccgcaaact cgacgatg
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The AGRIS predicted promoter region for ARP9 (At5g43500)

att ggaggagt t cggggt gcacct aat gt tattccatttt ccacagat ggt acacaagcact cagcttctg
taacttgtgtggcgtggttccattttct gcgaaagaatt aaagact aat gt t acaacaaacagt t aat aaa
ctacattgttaacatttcagaccaaaaccaagaaat acggat ctt gcat cattact ccaaaccaacaaact
accacaccact cagat acccat aaat t t aaaaaat ct t t t aaggt aagaaaacat at cat gat t ggat gaa
act at t agat gctt ct aagt accaaaccat at at cat acgat ggt t aat at ggcaact acact cctcattc
accagacagagaat t ggat cagagaat aact caccat acaggaat ccttatcggtttatttatctcatcgce
acattt gaaat caagaat cgt t aaat at aaaat acgaagat aagt at ccacat at at accaaat cact aca
ttacttttgaagttttttat agaaaaaaat ct cggaagaaattttatcttatctgtttatttgttctcacc
gcacttttcaaat caggaat cgtt agt at caacacaaat accaaaat cact acat t agt t t t gagt ct cat
t at agaagaagat ct t gaaagcaattttatcttatatatcctactttttccactatactttaaaacggaat
cacaact ttgcgaaacat at cgctttcgcet ggtttcagtt gccagcgat aggcaaacgaacat aat cat aa
acttaagattct aacaaagt aaagttttcatg
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RT-PCR ProT1OCOL

RT-PCR Reagent Protocol

*dH»0
*cDNA
*2x Taq Master Mix

Forward Primer (10 ng/ul)
Reverse Primer (10 ng/ul)

APPENDIX B

PROTOCOLS

1.0 ul
2.0 pl
5.0 pl

1.0 ul
1.0 pl

10.0 pl RXN

* indicates materials used in the master mix

RT-PCR Cycle Settings

Step 1 95.0° C for 2 min
Step 2 94.0° C for 30 sec
Step 3 55.0° C for 30 sec
Step 4 68.0° C for 50 sec
Step 5 Go to step 2 34x
Step 6 68.0° C for 7 min
Step 7 Hold at 4.0° C foo
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CLONING PrOTOCOL

Following the Roche Expand Long Range Polymerase PCR Amplification
Protocol, the DNA fragments of interest were amplified. 10 ul of the 50 ul PCR
amplification reaction were run on a 1.5% agarose gel to determine if theneaas
successful. The remaining 40 pl of the PCR amplification reaction weréetigeish
Pst | andNco | to produce clean fragment ends prior to construct assembly. Following
the restriction enzyme digestion, the DNA was ethanol precipitated and dieldouihe
DNA was electro-eluted from the gel block, precipitated, and an aliquot was run on a
1.5% agarose gel to validate the presence of the fragment of interest. @ geof t
suspended precipitation product was ligated to 1 pg of linearized pJD301 expression
vector. After an overnight incubation at 16°C, the ligation product was transformed into
DH5a0 competent cells and spread on +amp selection plates. After 16 hours at 37°C,
colonies were screened for insert verification using PCR, and mini-prepped BSIA w
screened using restriction enzyme diagnostics. Colonies containing thevwese

processed for maxi-prep plasmid DNA extraction.
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Roche Expand Long Range Polymerase PCR Amplification Protocol

*dH,0 35.0 ul
*10x Buffer 3 (with 22.5 mM MgG)) 5.0 pl
*2.5 mM DNTP 2.5 pl
*gDNA (200 pg/pL) 2.0 ul
Forward Primer (10 ng/ul) 2.5 ul
Reverse Primer (10 ng/ul) 2.5 ul
Expand Long Range Polymerase 0.5 pul
50.0 pul RXN

* indicates materials used in the master mix

PCR Amplification Cycle Settings

Step 1 94.0° C for 2 min
Step 2 94.0° C for 30 sec
Step 3 55.0° C for 45 sec
Step 4 68.0° C for 4 min
Step 5 Go to step 2 34x
Step 6 68.0° C for 7 min
Step 7 Hold at 4.0° C for
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Ethanol Precipitation Protocol

1. Bring volume of PCR product to 100 pl with gBl

2. Add 100 pl of cold phenol/chloroform/isoamly alcohol (24/24/1).

3. Vortex briefly and microfuge for 3 min at room temperature.

4. Transfer supernatant to a new MF tube. Add 18 pl of 10 M ammonium acetate
and 250 ul cold 95% EtOH to each MF tube.

5. Mix and incubate tubes at -20° C for 20 minutes.

6. Microfuge tubes at 4° C for 10 min at max speed (13.2K).

7. Remove supernatant and rinse twice with 200 pl of 70% EtOH.

8. Spin dry MF tubes in CentriVap (max speed at 30° C for 10 min).

9. Resuspend DNA in 30 ul of @B.

E.coli Transformation Protocol

1. Add 50 ul of competent bacteria cells to 5 ul of ligation product and incubate on
ice (MC1061 cells ~ 15 min, DH&cells ~ 30 min)

2. Transfer MF tube to 37° C water bath, and incubate for 5 minutes

3. Add 100 pl of LB to each MF tube, and incubate on rotating drum at 37° C for 30
minutes

4. Spread cells onto selection plates and incubate at 37° C for 12-16 hours
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DNA Maxi-Prep Protocol

1. Prepare Terriferic Broth (TB) media
Autoclave:
- 200 ml HO
- 10 g TB powder
- 1 mi glycerol
Add 200 ul of ampicillin once the TB has reached room temperature

2. Add freshly transformed bacteria culture from growth plate to TB. Incubate a
37° C while shaking for 10-12 hours.

3. Centrifuge media in 1 L bottles at 4200 rpm at 4° C for 15 min. Remove the
supernatant.

4. Resuspent pellet in 40 ml of Solution 1 (10mM EDTA, pH 8).

5. Add 80 ml Solution 2 to each sample and mix well.
Solution 2 should be made fresh before each use:
- 980 ml HO
-20 ml 5 n NaOH
- 50 ml 20% SDS

6. Add 30 ml of Solution 3 to each sample and gently mix.
Solution 3 can be stored at 4° C and should be used cold
- 200 ml HO
- 1 kg K-Acetate
- 600 ml acetic acid
- adjust volume to 4 L

7. Spin samples at 4200 rmp at 4° C for 5 min. Carefully decant supernatent through
a wet microcloth filter and into a clean 250 ml bottle.

8. Fill the 250 ml bottle with isopropanol and invert several times. Centrifuge the
sample at 4200 rpm at 4° C for 10 min.

9. Remove the supernatent and wash the pellet with 95% ethanol. Invert the bottle
and dry the pellet at room temperature for 20-30 min.

10. Resuspent the pellet in 3.5 ml of Solution 1.

11. Transfer the solution to a 15 ml Falcon tubes containing 5.5 g of powdered CsCI.
Using the flopper, thoroughly mix the solution at room temperature
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12. Add 300 pl of ethidium bromide (10 mg/ml). Mix well.

13. Spin solution at 3000 rpm at room temperature for 7 minutes.

14. Transfer the supernatent to a 5.5 ml quick seal ultracentrifuge tube. Seal the tube

15. Spin samples at 60,000 rpm at 24° C overnight.

16. Using a sterile 3 ml syringe and 20 gauge needle, pull the DNA band from the
ultracentrifue tube and expel the solution into a clean 15 ml Falcon tube. Adjust
the final volume to 2.5 ml with #D.

17. Add 7 ml of n-Butanol (saturated with 1 M NaCl) to the solution and shake
excessively. Let the solutions separate and remove the supernantent. tfitepea
process 2 more times, for a total of 3 EtBr extraction washes.

18. Fill the Falcon tube with 95% EtOH. Invert the tube and observe the
precipatation of the DNA strands. Spin at 2500 rpm at room temperature for 4
min.

19. Remove the supernatent and wash the pellet with 70% EtOH.

20. Remove the supernatent. Invert the Falcon tube and dry the pellet at room
temperature for 20-30 min.

21. Resuspend the DNA in TE, quantify, alloquate and store the samples at -20° C.
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SEQUENCING PrROTOCOL

ABI BigDye Terminator Sequencing Reaction Reagent Protocol

*dH,0 4.0 pl

*sequencing primer (10ng/ul) 2.0 pl

*BigDye 1.0 pl

*5x BigDye buffer 2.0 ul

DNA (100 ng/ul) 1.0 pl
10.0 pl RXN

* indicates materials used in the master mix

PCR Nucleotide Labeling Cycle Settings

Step 1 95.0° C for 5 min
Step 2 95.0° C for 30 sec
Step 3 50.0° C for 10 sec
Step 4 60.0° C for 4 min
Step 5 Go to step 2 50x
Step 6 Hold at 10.0° C for

Sequencing Product Clean-up Protocol

Add 10 pl dHO

Add 2 ul 125 mM EDTA

Add 2 pl 3 M sodium acetate (pH 5.2)

Add 50 pl 100% ethanol

Mix by inverting

Incubate at room temperature for 20 min

Spin at full speed (13.2K rpm) at room temperature for 20 min
Remove supernatent

Wash non-visible pellet with 70 ul 70% ethanol

10 Spin at full speed at room temperature for 15 min
11. Invert tubes and dry at room temperature for 30 min

©CoNok,~wNE
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PROTOPLAST REAGENTS

Maize Protoplast Digestion Medium

dH,O 0.65 ml

0.8 M mannitol 3.75 ml

0.2 M MES (pH 5.7) 0.5 ml

1.0 M KCI -

1.0 M CaC} 5.0 pl

14.2 M mercaptoethanol 1.75 pl

R10 cellulase -

RS cellulase 75 ug

R10 macerozyme 15 ug
5.0 ml

Protoplast Wash Solution

0.8 M Mannitol 37.5 ml
0.2 M MES pH 5.7 1.0 ml
1.0 M KCI 1.0ml
deO 10.5 ml
50 ml
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EG

PEG 10g
0.8 M Mannitol 0.75 ml
1.0 M CaC} 0.25 ml
dH,O 0.625 ml
2.5 ml

*Allow PEG to mix on flopper for ~ 2 hours prior to use

*PEG has a shelf life of 2 weeks

Protoplast Incubation Solution

0.8 M Mannitol 31.25 ml
1.0 M KCI 1.0 ml
0.2 M MES pH 5.7 1.0 ml
dH,O 16.75
50.0 ml
Lysis Buffer
1.0 M Tris-phosphate pH 7.8 1.25 ml
100 mM diaminocyclohexane tetraacetic acid 1.0 ml
(in DMSO)
glycerol 5.0 ml
10% Triton X-100 5.0 ml
dH,O 37.75 ml
50 ml

*Add 10 pl of 1.0 M DTT for every 5 ml of lysis buffer prior to use

* Store at -20.0° C
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