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The 14-3-3 family of proteins was discovered in the late 1960s during an
extensive study of cytosolic bovine brain proteins. Once thought to be limited to
mammealian brain tissue, studies over the last 15 years revealed 14-3-3s to be ubiquitous.
The 14-3-3s are afamily of acidic, soluble proteins that are commonly found as multi-
isoform families within an organism. Specifically in plants, 14-3-3s are associated with
many essential processes including transcription complexes, carbon and nitrogen

metabolism, and protein-protein interactions. The Arabidopsis thaliana family of 14-3-3

proteins consists of ten distinct and well-characterized isoforms as well as three newly
recognized isoforms. The question of functional specificity among the isoforms has led
us to our current project. Using a set of isoform-specific antibodies and C-terminal green
fluorescent protein fusions, we show that individual 14-3-3sdiffer in subcellular

localization in Arabidopsis thaliana root tissue.
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CHAPTER 1
INTRODUCTION

Thisistruly an exciting erafor science and technology. Buzzwords such as
genomics, cloning, and proteomics are regularly used by non-scientists and have nearly
become household terms. The last year brought huge advancements in sequencing
projects. We began the millennium with a grand feat in sequencing the entire human
genome (Lander et al., 2001). For the first time, humans will be able to study in great
detail genes that make us human. Many lessons were learned during the human genome
project: some scientific and some political, but none more important than *if we work
hard enough we can accomplish anything.’

The human genome project also sparked many other sequencing projects. The

Arabidopsis thaliana genome project is of particular interest to many scientists because it

isused as amodel organism for plant studies. Itsrelatively small genome size, ease of
propagation, and short life cycle make it a prime candidate for study by awide range of

scientists with very different interests. The completion of the Arabidopsis thaliana

genome project late last year finally gives scientists the opportunity to speak with
confidence about the genome as a whole (Arabidopsis Genome Initiative, 2000).

Arabidopsis thaliana also provides us with the opportunity to study the 14-3-3

proteins. The 14-3-3s are amulti-isoform, acidic, soluble family of proteins that were
once thought to be found only in mammalian brain tissue. However, more extensive

studies have proven 14-3-3s to be ubiquitous among eukaryotes. The 14-3-3sperform



multiple functions within the cell and are grouped under an overall theme of protein-
protein interaction. Plant 14-3-3s are known to associate with kinases, to regulate key
enzymes of carbon and nitrogen metabolism, and even to associate with transcription
factors.

The goal of thisthesisisto characterize the subcellular localization of nine

specific isoforms within the root tip of Arabidopsis thaliana using laser scanning confocal

microscopy. |soformspecific antibodies and in-frame green fluorescent protein fusions
are used.

In characterizing the subcellular localization of these isoforms, we are hoping to
answer several questions. However, the key question isthis. do the isoforns have
functional specificity or do they play redundant roles within the cell? If the isoforms do
have specificity, then we expect to see different localization patterns within the cell
among the nineisoforms. If there is no isoform specificity, then we expect to seea

general localization pattern emerge for all the isoforms.



CHAPTER 2
REVIEW OF LITERATURE

History

The 14-3-3 proteins are afamily of acidic, soluble proteins that were discovered
in 1967 by Blake Moore and Vernon Perez during an extensive study of cytosolic bovine
brain proteins (Moore and Perez, 1967). The 14-3-3 proteins were named based on
fractionation on DEAE cellulose and electrophoretic mobility in starch gel
electrophoresis (Moore and Perez, 1967). Further studies over the next twenty years
revealed that the 14-3-3 family of proteins are conserved among mammals. Still it was
thought that the 14-3-3s were primarily limited in their location and function to brain
tissue. However, upon extended examination starting in the late-1980s, 14-3-3swere
found to be present in a plethora of organisms and tissues (Ichimuraet a., 1991). To
date, 14-3-3 members have been discovered in many organisms including cow (Moore
and Perez, 1967), sheep (Token et a., 1990), chicken, human, rat, mouse, turtle, frog,

goldfish (Ichimuraet al., 1991), spinach (Hirsch et a., 1992), Arabidopsis thaliana (Lu et

al., 1992), maize (de Vetten et al., 1992), yeast (van Heusden et a., 1992), barley (Brandt
et a., 1992), Drosophila (Swanson and Ganguly, 1992), rice (Kidou et al., 1993), tomato
(Laughner et a., 1994), tobacco (Chen et a., 1994), oat (Korthout and de Boer, 1994).
14-3-3s have been found in a variety of tissues as well, including testis, intestine, liver,

kidney, and skeletal muscles of mammals (Ichimuraet al., 1991). It isimportant to note



that 14-3-3s are present in different organisms and tissues in varying concentrations and

locations.

Nomenclature

The nomenclature regarding 14-3-3s has been difficult and often confusing for
severa reasons. First, many scientists characterized and named proteins based on
function or other characteristics, only later discovering the protein to be a 14-3-3 family
member. Therefore, the protein or group of proteins lacks the 14-3-3 moniker and is thus
misnamed. Second, the speed at which proteins are being associated as 14-3-3 family
members has and continues to berapid. The rate of discovery combined with the lack of
aformal naming scheme has led to much confusion in the literature regarding 14-3-3
proteins. In the late 1980s, 14-3-3 members found in the bovine brain were further
characterized and designated as Greek |etters starting at the beginning of the alphabet
(Ichimuraet al., 1988). Seven 14-3-3 members were identified in that study and were
named based upon elution during reverse-phase HPLC. The mammalian isoforms are
designated alpha, beta, gamma, delta, epsilon, zeta, and eta. The list of mammalian
isoforms grew again to include tau and sigmain 1991 and 1993, respectively (Nielsen,
1991; Lefferset al., 1993). Additionaly, further studies revealed the alpha and delta
isoforms to be the phosphorylated forms of beta and zeta, respectively (Aitken et al.

1995). In keeping with the mammalian trend, the Arabidopsis thaliana 14-3-3s are

designated starting with the end of the Greek alphabet and working forward as they are
discovered. However, thereis not a strict adherence to the naming system in arabidopsis.
Therefore, overlap in designations does exist between mammalian and arabidopsis 14-3-3

isoforms. The Arabidopsis thaliana 14-3-3 isoforms are omega, psi, chi, phi, upsilon,




rho, pi, omicron, nu, mu, lambda, kappa, and epsilon (Lu et al., 1994a; Wu et a., 1997,
Rosenquist et al., 2000; DeL.ille et al., 2001). Table 2-1 lists the mammalian and

Arabidopsis thaliana 14-3-3 Greek names and symbols for reference.

Function

The 14-3-3 family of proteinsisfound in every eukaryotic organism where this
specific family is sought (Robinson et al., 1994). The conservation of 14-3-3 proteins
among awide variety of speciesimplies an essential and necessary role, yet 14-3-3
members are associated with avariety of functions. Two general themes have emerged
regarding the roles of 14-3-3s; protein kinase activities and protein-protein interactions.
The earliest function of 14-3-3swas recognized in 1987 by Ichimura et al. during a study
of acidic brain proteins (Ichimuraet a., 1987). The 14-3-3s|chimura studied were
remarkably similar in amino acid sequence to a protein known to activate tyrosine and
tryptophan hydroxylases. Further studies revealed the activator protein and the 14-3-3s
to be indistinguishable in amino acid sequence. Thus, the first role of 14-3-3swas
established as an activator associated with the kinase-dependent regulation of enzyme
activity. The 14-3-3s are also associated with other protein kinase activities including the
regulation of protein kinase C, stimulation of calcium-dependent exocytosis in adrenal
chromaffin cells, activation of c-Raf-1, and the regulation of Ber-Abl (Aitken, 1995;
Morgan and Burgoyne, 1992; Fantl et al., 1994; Reuther et al., 1994).

The protein-protein interaction theme is more general and therefore less well
defined. The 14-3-3 family of proteins has been shown to be associated with large
complexes. These complexes involve protein kinases, DNA binding complexes and

chaperones (Ferl, 1996). Multiple recognition motifs have been proposed and the



common theme among them is the presence of a phosphoserine. Two of the motifs are
RX(Y/F)XpSXP, RXXSXpSXP, where X is any amino acid and pS denotes a
phosphoserine. However, other binding motifs have also been proposed that do not
contain a phosphoserine, such as WLDLE, RXSX(S/T)XP, XXXSXXSXXXSXXSX
(Pan et al., 1999).

Specificaly in plants, 14-3-3s are associated with several specialized functions
including arole in fusicoccin binding sites and the regulation of nitrate reductase and
sucrose phosphate synthase (Korthout and de Boer, 1994; Finnie et al., 1999). Fusicoccin

(FC) isafungal toxin excreted by Fusicoccum amyqgdali that targets the plant plasma

membrane H'-ATPase proton pump (Chung et al., 1999). Studies have shown that 14-3-
3s complex with the H*-ATPase proton pump and thus constitute the FC receptor
(Sehnke and Ferl, 2000). FC binding to the receptor causes the proton pump to stay “on,”
thus causing turgor pressure to decrease in guard cells and the plant leaves to wilt.

Key enzymes of nitrogen and carbon metabolism are also regulated by 14-3-3s,
and currently form the paradigm for 14-3-3 regulation of enzyme activity. Nitrate
reductase (NR) and sucrose phosphate synthase (SPS) are up-regulated during
photosynthesis. However, in the dark, NR isinactivated via a two-step mechanism
(Figure 2-1) (Chung et a., 1999). In thefirst step, a specific serineis phosphorylated in
the target enzyme. In the second step, Mg?* binds an inhibitor protein, causing a
conformational change, thus allowing the inhibitor protein to bind to the target enzyme.
One or more 14-3-3s make up thisinhibitor protein (Bachmann et al., 1996). Sucrose

phosphate synthase is also regulated by light and phosphorylation. However, 14-3-3



binding to SPS has resulted in both activation (Moorhead et al., 1999) and inactivation
(Toroser et a., 1998).

The 14-3-3sin plants are also associated with a class of transcription factors
called G-box factors (GBFs) (Lu et al., 1992). G-box factors are a class of bZIP
transcriptional activators involved in stress and abscisic acid activation of genes.

Additionally, Arabidopsis thaliana 14-3-3s have been shown to interact with other

transcription factors, TBP and transcription factor [1B (Pan et al., 1999).
The overall amino acid conservation of 14-3-3sisrelatively well conserved both
within and among species. The N- and C-terminal regions are the most variable in both

mammals and plants. The Arabidopsis thaliana isoforms share a core region in which

51% of the amino acids are conserved. The amino acidsin the N-terminal region are
only conserved to a degree of 14%, while there is no amino acid conservation in the C-

terminal region among the isoforms (Chung et al., 1999).

Arabidopsis thaliana 14-3-3 Proteins

One of the largest and best-characterized 14-3-3 familiesin plantsisfound in

Arabidopsisthaliana. The well-characterized Arabidopsis thaliana 14-3-3 isoforms are

omega, psi, chi, phi, upsilon, nu, mu, lambda, kappa, and epsilon (Lu et al., 1992; Lu et

al., 1994b; Wu et al., 1997). The 14-3-3 family in Arabidopsis thaliana wasinitially

discovered while studying the regulation of the alcohol dehydrogenase gene and acis
regulatory element called the G-box (Lu et al., 1992). Using monoclonal antibodies
against the partially purified G-box binding factor, Lu et al. isolated cODNA clones that
encoded 14-3-3 isoforms omega, ps, chi, phi, and upsilon (Lu et a., 1992; Lu et al.,

1994b). Using the chi isoform as bait in ayeast two-hybrid screen, Wu et al. identified



the kappa, lambda, and epsilon isoforms (Wu et al., 1997). Finally, theisoforms mu and

nu were identified by searching the Arabidopsis thaliana EST database using the eight

known isoforms asaquery (Wu et a., 1997). Recently, 3 new isoforms, omicron, rho,
and pi, were identified by database analysis (Rosenquist et a., 2000; DeL.illeet al., 2001).
A full-length cDNA has been identified for omicron and a truncated cDNA has been
identified for the rho isoform. The third isoform, pi, remains putative at this point as no
cDNA or EST has been found.

Determining the subcellular localization of the individual 14-3-3sis essential to
understanding their true rolesin the cell. Bihn et al. reported the general subcellular

location of the Arabidopsis thaliana 14-3-3s (Bihn et a., 1997). The authors used a suite

of three monaoclonal antibody cell lines and localized 14-3-3s to the nucleus and
cytoplasm. However, the localization of specific isoforms was not revealed.

Thel4-3-3s are generally found as multi-isoform families in eukaryotic
organisms. This begsthe question: Do all the isoforms play the same role or does
functional specificity exist among the isoforms? Studies have identified subsets of
isoformsin various organelles within the cell. For example, in addition to being present
in the cytoplasm, epsilon, mu, nu and upsilon are also present in chloroplasts (Sehnke et
al., 2000). Functional specificity can also be seen with nitrate reductase. Omega, chi,
and upsilon demonstrate decreasing affinity, while the isoforms psi and phi have no
affinity for the enzyme.

The goal of thisthesisisto determine the localization patterns of nine well-
characterized arabidopsis 14-3-3 isoforms using a combination of isoform specific

antibodies and in-frame green fluorescent (GFP) fusions. It is the hope that differencesin



localization patterns among the isoforms do indeed occur, thus providing evidence for

functional specificity.
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Table 2-1. Mammalian and Arabidopsis thaliana 14-3-3 Proteins. Currently nine are
found in mammalian tissue and thirteen inarabidopsis. Mammalian isoforms
are designated starting at the beginning of the Greek alphabet. Arabidopsis
14-3-3s are designated from the end of the aphabet, working forward. Some
overlap in naming does exist between mammalian and arabidopsis isoforms.
The Greek names and symbols are listed for reference.

Mammalian 14-3-3 Proteins Arabidopsis 14-3-3 Proteins
Greek Greek
Letter Greek Name Letter Greek Name
a alpha e epsilon
b beta k kappa
g gamma I lambda
d delta m mu
e epsilon n nu
Z zeta 0] omicron
h eta p pi
t tau r rho
S sigma u upsilon
f phi
C chi
y psi
w omega
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14-3-3

Kinase (CDPK) \/\

Active Inactive
Enzyme Enzyme

Figure 2-1. Key enzymesin carbon and nitrogen metabolism in plantsin areversible
two-step mechanism. Thefirst step is the phosphorylation of a specific
serine in the target enzyme by calmodulin-domain protein kinase (CDPK).
In the second step, Mg binds 14-3-3 proteins causing a conformational
change that alows the 14-3-3 to bind the target enzyme and thus compl ete
theinactivation. ATP = adenosine triphosphate.



CHAPTER 3
Arabidopsis thaliana 14-3-3 FAMILY OF SIGNALING REGULATORS

The 14-3-3 family of proteins has received much attention in the literature during
the last 10 years. The current interest is not surprising given the number of diverse
organisms in which 14-3-3s have been identified and the important role that they play in
signal transduction. Moore and Perez initially catalogued the 14-3-3 proteinsin 1967
during an extensive study in which bovine brain proteins were given numerical
designations based on column fractionation and electrophoretic mobility (Moore and
Perez, 1967). The 14-3-3 family was thought to be limited to nervous tissue and largely
conserved among mammals during the late 1960s and 1970s. However, studies over the
last 15 years have proven 14-3-3s to be ubiquitous, found in virtually every eukaryotic
organism and tissue (Ichimuraet a., 1987; Robinson et a., 1994). In any given organism,
the 14-3-3 family usually consists of multiple genes and protein isoforms. Multiple
isoforms and multiple functions, coupled with the large number of different organisms
that have been studied, have led to potential confusion regarding 14-3-3 nomenclature
and function. (The 14-3-3s are currently designated by Greek letters, with the mammalian
isoform names generally chosen from the beginning of the alphabet and the plant
isoforms chosen from the end of the alphabet). Recent completion of the Arabidopsis
thaliana genome project provides a unique opportunity to examine a complete 14-3-3
family within asingle higher eukaryotic organism and to present a framework to codify

the understanding of plant 14-3-3 functional diversity and constraint.

12



13

The 14-3-3 proteins play key functional rolesin many critical physiological
pathways that are regulated by phosphorylation. Their roleisto complete the signa
transduction process by binding to the phosphorylated target, which completes a change
in structure that regulates activity. This core functional characteristic is deeply engrained
in the highly conserved structural core of the 14-3-3 dimer, which provides grooves for
binding two specifically phosphorylated peptides. The primary diversity among 14-3-3
isoformsliesin the N- and C-termini, with the C-terminal region potentially able to form
aflexible hinge guarding access to the central core region (Sehnke and Ferl, 2000).

Plants require a battery of regulators and corresponding responses to deal with
complex environmental and developmental changes, a situation that seems consistent
with the presence of alarge and diverse 14-3-3 family. Localization of 14-3-3 family
members inside organelles such as the chloroplast (Sehnke et al., 2000), nucleus (Bihn et
al., 1997) and mitochondria (Sehnke and Ferl, 2000), in addition to the cytoplasm (Bihn
et a., 1997), further demonstrates both their global regulatory potential and their apparent
need for diversity in expression and function. The list of the processes controlled by 14-
3-3sincludes the fundamental nitrogen and carbon assimilation pathways, which are
executed by the light and substrate-regulated metabolic enzymes nitrate reductase and
sucrose phosphate synthase (Sehnke and Ferl, 2000). Other enzymes under the control of
14-3-3sinclude starch synthase (Sehnke et a., 2001), glutamate synthase, F1 ATP
synthase, ascorbate peroxidase, and affeate O-methyl transferase (Finnie et al., 1999).
Additionally, the control of the plant’ s turgor pressure viaregulation of at |east one form
of a plasma membrane H* ATPase is accomplished by 14-3-3 proteins (Korthout and

deBoer, 1994; Marraet a., 1994; Oecking et a., 1994). Less understood, yet equally
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bona fide 14-3-3 binding partners include transcriptional machinery such as the G-Box
complex, core transcription factors; TBP, TFIIB and EMBP (Chung et al., 1999). The
specific 14-3-3 isoforms required by each of these pathways has not been fully
characterized, however a conserved mechanism of plant 14-3-3s binding isthe
requirement for divalent cationsto “charge” the 14-3-3sviaastructural reorientation of

the C-termini (Lu et a., 1994b). Interestingly, only a subset of the Arabidopsis thaliana

14-3-3 isoforms possess this EF hand-like divalent cation-binding motif in the C-terminal
region.

The Arabidopsis thaliana genome project for the first time provides reasonable

certainty about the number and diversity of 14-3-3 family members within aplant

species. The Arabidopsis thaiana 14-3-3 family consists of 13 members. Ten of the

members, omega, phi, chi, psi, upsilon, nu, mu, lambda, kappa, and epsilon are well
characterized and present as ESTs and cDNAs (Lu et al., 1992; Lu et al., 1994b; Wu et
al., 1997). Three of the members, omicron, rho, and pi are recently recognized 14-3-3
family members. The omicron isoform was identified by Rosenquist et al. (Rosenquist et
al., 2000) and subsequently afull-length cDNA was found by the same authors (AC #
AF323920). A C-terminally truncated cDNA relative to the genomic sequence has been
found for the rho isoform (AC# AF335544). The pi isoform remains a putative 14-3-3
member at this point as no cDNA or EST has been found. Two other putative members
exist, however oneisoform is badly truncated and would likely not be functional
(Accession # AC007264), and the other isoform is annotated in Genbank as containing a
one base pair intron (Accession #AC068562). We believe the Genbank entry for the later

isoform is annotated incorrectly and the intron is actually asingle base pair insertion that
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causes a frame shift and the loss of the last 45 amino acids. Thus we are designating both
of these isoforms as “14-3-3-like proteins.” Figure 3-1 represents the intron-exon

structures of al the Arabidopsis thaliana 14-3-3s. All of the reference information

regarding Arabidopsis thaliana 14-3-3sisfound in Table 3-1.

An alignment of the thirteen isoforms reveals some interesti ng information
(Figure 3-2). Theisoforms range in length from 241-286 amino acids. The isoforms all
share a conserved core region, with the N-termini and C-termini being the most
divergent. In fact, the amino acids in the N-termini are conserved to a degree of only 14%
and there is very little amino acid conservation at the C-termini (Chung et al., 1999).

Phylogenetic analyses based on amino acid sequence data and gene structure
provides a robust tree upon which to hang descriptions of famly member function and
localization (Figure 3-3). The family members break into two major evolutionary
branches, the Epsilon group and the Non-Epsilon group. This clear delineation at the
trunk of the tree is ubiquitous among plants and animals possessing multiple isoforms,
indicating that the initial formation of two isoformsis a fundamental and ancient
divergence. The Epsilon group isitself split into the isoforms epsilon, mu, omicron, rho,
and pi. The NorntEpsilon group is made up of the isoforms kappa, lambda, phi, chi,
omega, psi, nu, and upsilon. The Epsilon group breaks into two sub-branches, with
epsilon and pi on one sub-branch; and omicron, rho and mu in the second sub-branch.
The NonEpsilon group comprises three very distinct sub-branches. Kappa and lambda
make up one sub-branch: phi, chi, and omega make up a second sub-branch; and psi, nu,
and upsilon make up the third sub-branch. The Non-Epsilon group members contain the

previously mentioned EF hand-like divalent cation-binding motif (Lu et al., 1994b).
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The NonEpsilon and Epsilon groupings are also well supported by intron-exon
structure. The NorntEpsilon members all contain four exons and three introns that are
highly conserved in placement. Psi, nu and upsilon contain an extraintron in the 5’ leader
(Wu et a., 1997). The Epsilon members all possess an intrortexon structure distinct from
the Non-Epsilon group, having two additional N-terminal exons. (Presently, the pi
isoform contains five exons and four introns. The first N-terminal exon is not annotated
in Genbank; however it isindeed present on inspection.) Several genes of the Epsilon
group also appear to have additional C-terminal exons. However, the extreme divergence
of the C-terminal regions prohibits exon identification based solely on sequence data. The
pi isoform is not present as cONA or an EST. Therefore its structure remains putative at
this point and the cDNA available for rho is believed to be truncated.

The complexity of this phylogenetic tree raises an important question. Why are so
many 14-3-3 genes present within a single organism? One possible answer is that thereis
aneed to ensure that 14-3-3 activity is present in every compartment of every cell of the
organism, suggesting that diversity is ssimply areflection of developmental evolution and
sophistication. Using current prediction programs, there are no obvious subcellular
targeting signals associated with any of the isoforms. So the large number of isoformsis
not obviously linked to diversifying the subcellular location. It has been observed,
however, that unicellular organisms contain relatively few isoforms while multicellular
organisms have many; and certain organelles contain only subsets of the isoforms
(Rosenquist et a., 2000). Another possible answer is that each isoform plays a specific
and essential biochemical role, suggesting that general diversity reflects functional

divergence. They all share arelatively conserved core region, which could point to the
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conservation of a general theme, yet subtle changes in the core and the divergent termini
could give each isoform its specific function by dictating affinity over arange of possible
targets.

The structure of this tree does provide an evolutionary perspective that should
contribute to answers to these questions based on emerging data. For example, only
epsilon, mu, nu, and upsilon are present in chloroplast stroma, in addition to the
cytoplasm (Sehnke et al., 2000), demonstrating that subcellular localization could be
consistent with their position on the phylogenetic tree. Omega, chi, and upsilon
demonstrate decreasing affinity for nitrate reductase, while phi and psi show no affinity
(Bachmann et al., 1996). Isoforms omega, kappa, and lambda demonstrate a decreasing
affinity for the proton ATPase (Rosenquist et al., 2000). These examples provide
evidence that functional affinity for targets could also be consistent with the phylogenetic
tree, but both the localization and function data sets are far from complete. The

Arabidopsis thaliana 14-3-3 family should provide a well-developed and inclusive

framework for comparative 14-3-3 biology.



18

Figure 3-1. Arabidopsis thaiana 14-3-3 gene structures and reference information.
Colored boxes represent exons, which are drawn to scale and color coded as
to their similarity between genes. The thin lines represent introns, which are
not to scale and are shown to denote position only. The purple boxes
represent 5’ leader and 3’ trailer sequences. The asterisks identify putative
exons, cases where cDNA sequences are not yet available. Current
information is outlined to the right of each 14-3-3 gene. Rho, omicron, and pi
are the least well characterized of the Arabidopsis thaliana 14-3-3s, thus very
little information is available. An expanded version of thistableis available
at http://www.hos.ufl.edu/ferllab/. (a) Genomic structures of the Arabidopsis
thaliana 14-3-3 family. (b) Genomic structures of the epsilon group members
containing rho, omicron, mu, epsilon and pi. (¢) Genomic structures of one
branch of the non-epsilon group containing kappa and lambda. (d) Genomic
structures of one branch of the non-epsilon group containing phi, chi, and
omega. (e) Genomic structures of one branch of the non-epsilon group
containing psi, upsilon and nu members. (f) Genomic structures of the “14-
3-3like” isoforms.
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Table 3-1. Referenceinformation for the Arabidopsis thaliana proteins and genes.
A truncated cDNA isavailable for rho. Pi remains a putative family member

at this point.
14-3-3 PROTEINS AND GENES
GRFGene | Genbank | Genbank Genbank
Greek | Greek and Accession # | Locus # for cDNA Accession# |  Original
Letter | Name |[Accession#| forBAC |cDNA clone| Designation | for cDNA | Publication
GRF10 ATU36446 Wu et al.
e epsilon | AF145302 | AC068562 | 1100bp | 2hybr231 U36446 1997
GRF8 ATU36447 Wu et al.
k kappa | AF145300 | ABO11479 | 1023 bp 2hybr 31 u36447 1997
GRF6 ATU68545 Jarillo et al.
| lambda | AF145298 | AL353995 1040 bp 2hybr171 uessas 1994
GRF9 ATU60444 Wu et al.
m mu AF145301 | AC007087 | 1103 bp ESTD u60444 1997
GRF7 ATU60445 Wu et al.
n nu AF145299 | AC021640 | 1069 bp ESTH u60445 1997
Rosenquist
o omicron| GRF11 ACO00789%4 AF323920 | etal. 2000
p pi AC012680 Not Available
r rho GRF12 | ACO013427 AF335544
GRF5 ATHGFUPS| Luetal.
u upsilon | AF001415 | AL391145 990 bp GF14-19 L09109 1994
GRF4 ATHGFPHI Luetal.
f phi AF001414 | AC079605 | 1126 bp GF14-10 L09111 1994
GRF1 ATHGFCHI Luetal.
c chi u09377 AL161513 | 1126 bp GF14-5 L09112 1994
GRF3 AB005248 | ATHGFPSI Luetal.
y pSi U09375 AB005231 | A 1108bp GF14-4 L09110 1994
GRF2 ATHGF14A Luetal.
w omega | U09376 | AC013430 | 1133 bp GF14-14 M96855 | 1992, 1994
14-3-3 LIKE PROTEINS
Rosenquist
AC007264 et al. 2000
AC068562
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Figure 3-2. ClustaW aignment of all thirteen functiona 14-3-3 proteins. The proteins
range in size from 241-286 amino acids. The blue color denotes a match
with the consensus sequence. The red color denotes an identical match

among all the isoforms.
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------ MENEREKQVYLAKL SEQTERYDEMVEAVKKVAQ - - LDVELTVEERNL VSVGYKNVI GARRASVR
- - - - MATTLSRDQYVYMAKL AEQAERYEEMVOQFVEQL VSGATPAGEL TVEERNL LSGAYKNVI GSLRAAVR
- - - - MAATL GRDQYVYMAKL AEQAERYEEMVQFVEQL VTGATPAEEL TVEERNL LSVAYKNVI GSLRAAVR
- - - - MGSGKERDTF VYLAKL SEQAERYEEMVESVKSVAK- - - LNVDLTVEERNL L SVGYKNVI GSRRASWR
------ VBSSREENVYLAKL AEQAERYEEMVEFMEKVAK- TVDTDEL TVEERNL LSVAYKNVI GARRASVR
- - - - MBSDSSREENVYLAKL AEQAERYEEMVEFMEKVAK- TVETEEL TVEERNLLSVAYKNVI GARRASWR
MAAPPASSSAREEFVYLAKL AEQAERYEEMVEFMVEKVAE- AVDKDEL TVEERNL LSVAYKNVI GARRASVR
- MATPGASSARDEF VYMAKL AEQAERYEEMVEFVEKVAK- AVDKDEL TVEERNL LSVAYKNVI GARRASWR
------- VST REENVYMAKL AEQAERYEEMVEFVEKVAK- TVDVEELSVEERNLLSVAYKNVI GARRASWR
------ MASGREEFVYMAKL AEQAERYEEMVEFVEKVSA- AVDGDEL TVEERNL LSVAYKNVI GARRASVR
------ MENERAKQVYLAKL NEQAERYDEMVEAVKKVAA: - - LDVELTI EERNLLSVGYKNVI GARRASVR
- MBSSGSDKERETFVYMAKL SEQAERYDEMVETMKKVAR: - - VNSEL TVEERNL L SVGYKNVI GARRASWR
------ MENEREKLI YLAKL GCQAGRYDGVRKVCELD! E- - - - - - - LSEEERDL LTTGYKNVMEAKRVSLRV
RE FVYLAKLAEQAERYEEMVEFNEKVA DEL TVEERNLLSVAYKNVI GARRASVRI

LSS EQKEESKGADENVKRL KNYRKRVEDELAKVOND! LSVI DKH_| PSSNAV: ESTVFFYKMCGDYYRYLA
VSSLEQKEESRKNEEHVSLVKDYRSKVETELSS| FSG LRLLDSH.| PSATAR ESKVFYLKMKGDYHRYLA
VSSI EQKEESRKNDEHVSLVKDYRSKVESELSSVCSG LKLLDSH. | PSAGAS- ESKVFYLKMKGDYHRYMA
FSSI EQKEAVKGADVNVKR KEYMEKVELELSN O DI MSVLDEH_| PSASEG ESTVFFNKMKGDYYRYLA
| SSI EQKEESRGNDDHVSI | KDYRGKI ETELSKI CDG LNLLDSH_VPTASLA ESKVFYLKMKGDYHRYLA
| SSI EQKEDSRGNSDHVSI | KDYRGKI ETELSKI CDG LNLLEAH_ | PAASLA- ESKVFYLKMKGDYHRYLA
| SSI EQKEESRGNDDHVTTI RDYRSKI ESELSKI CDG LKLLDTR_VPASANG DSKVFYLKMKGDYHRYLA
| SSI EQKEESRGADDHVSLI RDYRSKI ETELSDI (DG LKLLDTI LVPAAASG DSKVFYLKMKGDYHRYLA
| SSI EQKEESKGNEDHVAI | KDYRGEI ESELSKI CDG LNVLEAH_ | PSASPA- ESKVFYLKMKGDYHRYLA
| SSI EQKEESRGADDHVTAI REYRSKI ETELSG (DG LKLLDSRLI PAAASG: DSKVFYLKMKGDYHRYLA
LSSI EQKEESKGANEQNAKR KDYRTKVEEELSKI CYDI LAVI DKH_VPFATSG: ESTVFYYKM(GDYFRYLA
MBSI EQKEESKGNESNVKQ KGYRQKVEDELAN CQDI LTI | DQH_I PHATSG EATVFYYKM(GDYYRYLA
| SSI EKMEDSKGADQNVKLI KGQREMVKYEFFNVOND! LSLI DSH_I PSTTTNVES! VLFNRVKGDYFRYMA
| SSI EQKEESRGNDDHVSLI KDYR KVETELS | C G L LLDSHLI PSASSG ESKVFYLKMKGDYHRYLA

EFSSGAERKEAADQSL EAYKAAVAAAENG AP THPVRL GLALNFSVFYYEI LNSPESACQLAKQAFDDAI AE

EFKSGDERKTAAEDAM AYKAACDVAVADLAPTHPI
EFKSGDERKT AAEDTMLAYKAACD!I AAADVAPTHPI
EFKSGNERKEAADQSL KAYE! ATTAAEAKL PPTHPI
EFKTGAERKEAAESTLVAYKSAQDI ALADLAPTHPI
EFKTGAERKEAAESTL VAYKSAGDI ALADLAPTHPI
EF KT GQERKDAAEHTL TAYKAACDI ANAEL APTHPI
EFKSGQERKDAAEHTL TAYKAACDI ANSELAPTHPI
EFKAGAERKEAAESTL VAYKSASDI ATAELAPTHPI
EF KT GQERKDAAEHTL AAYKSACDI ANAEL APTHPI
EFKSGADREEAADL SLKAYEAATSSASTEL STTHPI
EFKTEQERKEAAEQSL KGYEAATQAASTEL PSTHPI

RLGLALNFSVFYYEI LNSSEKACSNAKQAFEEAI AE
RLGLALNFSVFYYEI LNSSDKACNVAKQAFEEAI AE
RLGLALNFSVFYYEI MNAPERACHLAKQAFDEAI SE
RLGLALNFSVFYYEI LNSPDRACSLAKQAFDEAI SE
RLGLALNFSVFYYEI LNSSDRACSLAKQAFDEAI SE
RLGLALNFSVFYYEI LNSPDRACNLAKQAFDEAI AE
RLGLALNFSVFYYEI LNSPDRACNLAKQAFDEAI AE
RLGLALNFSVFYYEI LNSPDRACSLAKQAFDDAI AE
RLGLALNFSVFYYEI LNSPDRACNLAKQAFDEAI AE
RLGLALNFSVFYYEI LNSPERACHLAKRAFDEAI AE
RLGLALNFSVFYYEI MNSPERACHLAKQAFDEAI AE

EFGSDAERKENADNSL DAYKVAMVEMAENSLAPTNWRLGLALNFS FNYEI HKSI ESACKLVKKAYDEAI TE
EFKSG ERKEAAE TL AYKAAQDI A AELAPTHPI RLGLALNFSVFYYEI LNSPDRAC LAKQAFDEAI AE

LDSLNEESYKDSTL | ML LRDNLTLWISDLNEEG- - - DERTKGADEPQDEN - - - = = = = = === == = = == = - -
LDTLGEESYKDSTLI ML LRDNLTLMWTSDMEQVDEA: - - = = = == = = o oo mm oo e o mm oo ee oo o
LDTL GEESYKDSTLI ML LRDNLTLWISDMEQVDEA- - - = = = == = == mmmmmmmmmmmmm e mm oo
LDTLSEESYKDSTL | ML LRDNLTLWISDI SEEGGEDDAHKTNGSAKPGAGGEDDAE- - - - = === === = === - -
LDTLGEESYKDSTL | ML LRDNLTLWNSDI NDEAGGDE| KEASKHEPEEGKPAETGQ - - - - - - - - - - - - - -
LDTL GEESYKDSTL | ML LRDNLTLWISDLNDEAG DDI KEAPKEVQKVDEQAQPPPSQ - - - - - = == = - - -

LDTLGEESYKDSTL | ML LRDNLTLWISDMQDESP- EEI KEAA- - APKPAEECQKE!

LDTL GEESYKDSTL | ML LRDNLTLWASDMQDDVA- DDI KEAAPAAAKPADEQQS - - - - - - - === === - ==
LDTL GEESYKDSTLI ML LRDNLTLWISDMIDEAG DEI KEASKPDGAE: - - - - - - - - = === - - - oo - -
LDTLGEESYKDSTL | ML LRDNLTLWISDMQDDAA- DEI KEAA- - APKPTEEQQ- - - - - === === == === - -

LDSLNEDSYKDSTL I ML LRDNLTLWISDL EEG3K-

LDTL SEESYKDSTL | MOL L RDNLTLWI'SDLPEDGGEDNI KTEESKQEQAKPADATEWM HEKVRTDQRAVKL
DG DKN CEESMY| | EMLKYNLSTWISGDGNGNKTDG: - - = - - = = = =< == = === = e mw e mm e oo
LDTLGEESYKDSTLI MYLLRDNL TLWI'SDMQDEAG DEI K
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Figure 3-3. Rooted tree of the Arabidopsis thaliana 14-3-3 family. This
rectangular cladogram summarizes the relationships among the 14-3-3
isoforms. A human 14-3-3 was included as an outgroup, and essentially roots
the tree between the Epsilon and Non-Epsilon groupings. The basic branch
topology presented in this neighbor-joining tree is essentially supported by
bootstrapped parsimony anaysis, however the confidence of the branching
patterns within the Epsilon group is less well supported than the branching
within the highly supported Non-Epsilon group. The major branches of the
tree are also clearly supported by the gene structures, which is reflected by
the numbers of exons and introns as indicated on the branches. Bolded
isoforms are present in the chloroplast as well as the cytoplasm. The
underlined isoform is putative in that, as yet, they have not been isolated as
cDNAsor ESTs.
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CHAPTER 4
WHOLE-MOUNT IMMUNOFLUORESCENCE STUDIES

Introduction

The 14-3-3sare afamily of proteinsthat wereinitially discovered during an
extensive study of bovine brain proteins by Moore and Perez in 1967 (Moore and Perez,
1967). The 14-3-3s are named based on fractionation and electrophoretic mobility in
starch gel electrophoresis. It was long thought that 14-3-3s were limited to mammalian
brain tissue, however studies over the past fifteen years have proven 14-3-3sto be
ubiquitous. The 14-3-3sare found in greatly diverse organisms from drosophilia and
plants to frogs and humans (Finnie et al., 1999). This family of proteins has been found
in almost every eukaryotic organism that scientists have studied (Robinson et al., 1994).

The 14-3-3s are usually found as multi-isoform families within a single organism.
For example, there are nine isoforms found in mammalian tissue and are designated as
Greek letters (alpha, beta, gamma, delta, epsilon, zeta, eta, tau, and sigma) (Ichimura et

al., 1988; Patel et d., 1994). The Arabidopsis thaliana 14-3-3 members are designated in

asimilar fashion starting at the end of the Greek alphabet and working forward. There

are currently thirteen isoforms found in Arabidopsis thaliana and are designated as

omega, psi, chi, phi, upsilon, rho, pi, omicron, nu, mu, kappa, lambda, and epsilon (Lu et
a., 1992; Lu et al. 1994b; Wu et a., 1997; Rosenquist et al., 2001; DelLilleet a., 2001).
The 14-3-3s are involved in anumber of diverse functions within the cell. They

are known to regulate key enzymes in metabolic processes such as nitrogen metabolism

30
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and carbon metabolism (Chung et al., 1999), and to associate with the plasma membrane
H*-ATPase (Sehnke and Ferl, 2000) and transcription factorsin plants (Lu et al., 1992).
The 14-3-3sare aso involved in protein kinase activities (Ferl, 1996). In most of these
associations, 14-3-3s participate by binding to phosphorylated proteins in order to
consummate signal transduction events.

To fully understand the functions and interaction partners of the Arabidopsis
thaliana 14-3-3 family of proteinsit is essential to know where the specific isoforms are
localized at the subcellular level. The biological question that this thesis attempts to
answer isthis: Do the 14-3-3s have functional specificity? As previously mentioned, the
14-3-3s usually exist as multi-isoform families within a particular organism. Do multiple
isoforms exist smply to insure their presence in the proper tissues or does each isoform
play an essential and necessary role? Studies have been performed that give clues asto

specificity. For example, in Arabidopsis thaliana only isoforms epsilon, mu, nu, and

upsilon are present in chloroplasts (Sehnke et al., 2000). Why those four isoforms?
There is nothing obviously inherent about these isoforms that would make them
chloroplast localized. Mu and epsilon are the only two well-characterized isoforms
making up the epsilon sub-group. Nu and upsilon are closely related members of the
nontepsilon group. There are no obvious signal or targeting sequences in any of the
arabidopsis 14-3-3s. Therefore, they must be localizing to the chloroplast viainteraction
with other proteins. It isthe unpredictable nature of the 14-3-3s that makes |localization
studies so important. We must know where the isoforms are localized.

Using laser scanning confocal microscopy, Bihn et al. reported the localization of

14-3-3sin the nucleus and cytoplasm using a mixture of ascites from three GF14
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monoclonal antibody cell lines (Bihn et al., 1997). These cell lines combined recognize

at least ten of the thirteen 14-3-3 isoformsin Arabidopsisthaliana. However, the authors

did not localize individual 14-3-3 isoforms within the cell.
In the present study, we use laser scanning confocal microscopy along with
isoform specific polyclonal antibodies to study the subcellular localization of 14-3-3s

within the root tip of Arabidopsisthaiana. We find that individua isoform localization

occurs in two distinct groups, a nuclear localized group and a non-nuclear group.

Materials and Methods

Whole Mount Procedure

Arabidopsis thaliana seeds, ecotype Wassileweskija (WS), were surface sterilized

by washing with 70% ethanol for five minutes, further rinsed with 50% bleach/water
solution with adrop of Tween20 for eight to ten minutes. The seeds were then rinsed
with sterile water five to eight timesin order to remove detergent and bleach and plated
on germination media consisting of 4.4 g/L MS sdlts, 0.5 g/l MES, 10.0 g/L sucrose, 1.0
mL/L Gamborg’s vitamin solution (1000x), pH 5.7, 4.0 g/L phytagel. After 48 hours at
4°C in the dark, the plates were taken to the Apopka room and grown vertically under
continuous illumination for 3-10 days at 23°C. The plants were removed from the plate
and fixed according to Shaw and Bourdonck protocol (Bihn et al., 1997). All
manipulations of the plant tissue starting with fixation were performed in a6 or 12 well
microtiter plate. Solutions were added and removed to the dish and the plants were not
removed until mounted on a microscope dide. The plants were placed in freshly made
4% paraformaldehyde (prepared by dissolving 8% (w/v) solid paraformal dehyde in water

and then diluted with an equal volume of 2X PEM/0.4% Nonidet P-40 (NP-40) buffer
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(PEM: 50 mM PIPES/KOH pH 6.9; 5 mM EGTA; 5 mM MgS0O,/500 mL)) for 1 hour at
room temperature. The plants were then washed twice with 1X PEM/0.2% NP-40 and
then washed twice with PEM aone. The tissue was digested with 0.05%
cellulase/0.025% Y 23 Pectolyase/1.0% Driselase in PEM for ten minutes and then
washed with PEM/0.2% NP-40 for ten minutes. The plant tissue was blocked with 3%
BSA in PEM for 1.5 hours at room temperature. The plants were subsequently incubated
with primary antibody in blocking buffer at 4°C overnight. The next day the tissue was
washed in blocking buffer for one hour and then incubated with secondary antibody in
blocking buffer for two hours at 37°C (dark). The plant tissue was finally washed severad
times with PEM/0.2% NP-40 and then overnight in PEM alone. The next day, the plant
tissue was removed from the soluti on using a plastic disposable pipette and then placed
on the microscope dide. The excess liquid was removed and a small drop of Vectashield
mountant (Vector Laboratories Inc., Burlingame, CA 94010, USA) was applied and then
coversliped.

| mmunofluorescence

Plant tissues were incubated with a polyclonal antibody recognizing a specific 14-
3-3 isoform, monoclonal antibody #65 that recognizes eight out of the 13 isoforms (mu,
epsilon, omicron, rho, and pi are excluded) (Bihn et al., 1997), Histone H1; 1:1000. They
were secondarily incubated with a FITC conjugated antibody (Jackson Laboratories,
Inc.); 1:2500.

Laser Scanning Confocal Microscopy and Image Analysis

Plant tissue samples were examined with an Olympus 1X70 inverted microscope

mounted to a Bio-Rad MRC 1024ES laser scanning confocal microscope with a
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krypton/argon laser. Collected images were Kalman averaged four to fivetimes. The
images were collected using the Laser Sharp software package (Bio-Rad). The images
were transferred to a PC and cataloged using Thumbs Plus 4 (Cerious software).
Confocal Assistant 4.02 (Bio-Rad) was used to view collected Z-seriesfiles and convert
filesfrom a.pic (Bio-Rad format) to an .avi format (suitable for Windows viewing of Z-

series).

Results

Polyclonal antibodies were generated by Dr. Paul Sehnke against specific 14-3-3
isoformsin arabidopsis. The arabidopsis 14-3-3s share avery conserved core region and
differ primarily at their amino and carboxyl termini. The polyclonal antibodies were
therefore made to peptides derived from either the N- or C-termini. At the time the
antibodies were generated, we did not yet know of the existence of isoforms omicron,
rho, and pi. Also, the psi isoform lacks enough unique sequence to generate an anti body
that would not cross react with the other isoforms. Therefore, nine polyclonal antibodies
were generated with each one recognizing a specific 14-3-3 isoform; phi, kappa, chi,
lambda, epsilon, upsilon, mu, nu, and omega.

Initial studies were performed to optimize three factors. antibody concentration,
age of plant tissue, and type of microscope to use. The proper antibody concentration
was determined empirically during several experiments. It was determined that a primary
antibody concentration of 1:1000 was sufficient for the 14-3-3 polyclonal antibodies.
The proper concentration of FITC conjugated secondary antibody was determined to be

1:2500. The combination of these two antibody dilutions provided enough fluorescence
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to be seen, but not show a high fluorescence background. These studies were performed
using an epifluorescence microscope without image capture capabilities.

The 14-3-3 localization studies were performed on plants subjected to 48 hours at
4°C in the dark and then grown vertically for 3 or 10 days. The goal was to determine
which tissues would work the best and if the localization of the isoforms within the tissue
changed over time. It was determined that the root tip provided the best tissue to work
with and there were no visible changes in localization among any of the 14-3-3 isoforms
(Figure 4-1). There was no difference in localization between the two ages. Infact, as
the plants progressed in age, they became more difficult to work with. Therefore, it was
determined that three day-old seedlings were the best candidates for further study.

The type of microscope to use was also an initial area of concern. The choice was
between an epifluorescence microscope with a mounted camera and a laser scanning
confocal microscope. We wanted to balance quality of information with cost. The
fluorescence microscope had a problem in that we could not get the light source low
enough in power to eliminate autofluorescence of the plant tissue. The laser scanning
confocal microscope eliminated this issue because it uses a laser and any light not in the
focal planeisdiscarded at image formation. Although the cost of the confocal
microscope isrelatively high, it was clearly the best choice for our purposes.

Confoca microscopy alows several types of image collection. A single image or
optical slice can be captured and viewed. Also, a series of images through the sample can
also be captured and viewed as amovie. Both of these types of data are presented in this

work.
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Upon examination of nine 14-3-3 isoformsin 4-5 day old Arabidopsis thaiana

root tips using the polyclonal antibodies and laser scanning confocal microscopy, we
were able to identify two distinct patterns of localization, a nuclear group and nor
nuclear group. Figure 4-2 isthumbnail images of nine 14-3-3 isoforms and control
antibodies for comparison, and individual enlargements are presented in Figures 4-3 and
4-4.

I soforms phi, kappa, chi, and lambda make up the nuclear group (Figure 4-2 and
Figures 4-3a-d, respectively). The fluorescent signal is predominately localized to the
nucleusin these isoforms. A significant amount of signal can also be seen throughout the
cytoplasm. No other subcellular organelles are visible in this group of isoforms. Also,
there are no compartments in the cell devoid of fluorescence, such as vacuoles or other
structures. Theintensity of the fluorescent signal cannot be directly compared between
images, but the signal can be compared in the same image, i.e. the nucleus is more
intense than the cytoplasm.

Isoforms epsilon, upsilon, mu, nu, and omega make up the nonnuclear group of
isoforms (Figure 4-2 and Figures 4-4e, respectively). The fluorescent signal is present
throughout the cell and no organelle shows a predominance of signal. Again, there are no
compartments within the cell devoid of fluorescence. However, in all the isoforms, gaps
are visible between the cells. Thisis possibly a product of the fixation process, rather
than an absence of signal in the cell wall. The plasma membrane could have pulled away
from the cell wall, leaving the gaps. However, the reason for the gaps remains unknown.

Several antibodies are used as controls to verify subcellular location (Figure 4-5).

Antibody #65 (Figure 4-5a) is a monoclonal antibody that recognizes eight out of the
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thirteen well-characterized 14-3-3 isoforms (mu and epsilon are excluded and the
antibody has not been tested against the omicron, rho, or pi isoforms). Antibody #65 is
predominately found in the nucleus, but some signal can also be seen in the cytoplasm.

An antibody to Histone H1 (Figure 4-2 and Figure 4-5b) that associates with
nuclear material also serves as a control for nuclear localization. This antibody is clearly
localized to the nucleus. It provides a pattern of localization very similar to that of
antibody #65 and the nuclear 14-3-3 group.

Wildtype (WS) arabidopsis with no antibody treatment is used as a negative
control for antibody and as a control for autofluorescence. Animage could not be
acquired for wildtype plants with no antibody treatment although both the irisand gain
were maximized during image capture (Figure 4-5¢). Finaly, plants treated with only the
secondary antibody serve as a control for non-specific antibody binding. Again, no
image could be acquired although the iris and gain were maximized at the time of image

capture (Figure 4-5d).

Discussion

The localization studies reveal two distinct patterns, nuclear and non-nuclear.
The isoforms phi, kappa, chi, and lambda make up the nuclear group. The isoforms
epsilon, upsilon, mu, nu, and omega make up the non-nuclear group. Both groups are
also localized to the cytoplasm. The nuclear vs. non-nuclear localization could be an
indication of isoform specificity. However, the polyclonal antibodies themselves pose
several problems. First, the way in which the antibodies were made posses a problem.
The antibodies to isoforms phi, kappa, chi, and lambda were all generated to the N-

terminus. The antibodies to isoforms epsilon, upsilon, mu, nu, and omega were all
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generated to the C-terminus. All of the N-terminal antibodies make up the nuclear group
and al the C-terminal antibodies make up the non-nuclear group. It is possible that the
groupings are purely coincidental, although highly unlikely. Second, the processis lethal
to the plant. To use the antibodies, the plant must be fixed in 4% paraformaldehyde.

This process limits what can be done to the plant, i.e. time course experiments with the
same plant. Third, aseries of enzymes must be used to degrade the cell wall. Thereisno
way to tell how much of the cell wall has or has not been degraded or what other
unforeseen effect the enzymes may have on the plant tissue.

The clean groups that the 14-3-3 antibodies fall into according to termini is highly
suspicious. | suspect that there is some unknown interaction that is blocking either the N-
or C-terminus of the 14-3-3 and causing the antibodies to localize in this particul ar
manner. The 14-3-3s commonly form homo- and hetero-dimers viatheir N-termini
forming a clamp like structure. The inner groove of the clamp forms the interaction site
for other proteins. If the 14-3-3s were dimerized, this might cause enough hindrance, so
that the antibodies would not be able to recognize the isoform, thus giving the false
appearance of distinct nuclear and non-nuclear groups. The individual isoforms might in
fact have avery distinct pattern of localization, but the antibodies are unable to recognize
the isoforms.

Penetration of the 14-3-3 antibodies into the deeper cell layersisalso an

important issue. Figure 4-6 isagraphical representation of an Arabidopsis thaiana root

tip. The cell layers from outermost to innermost are lateral root cap, epidermis, cortex,
endodermis, pericycle, and vascular bundle. The 14-3-3 localizationsin this study are

limited to the lateral root cap and possibly the epidermis. Figure 4-7 shows a series of
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four images through an Arabidopsis thaliana root tip treated with monoclonal antibody

#65. These images were taken from a more detailed series, but the overall meaning is
clear. Image 7a shows clear fluorescent labeling of the nuclei, however as you progress
through the root tip (4-7b and 4-7¢), no nuclel are labeled. Yet, in 4-7b and 4-7c¢, nuclei
in the outer cell layers are till visible. Finally, in 4-7d, the nuclei reappear on the
opposite side of theroot tip. This effect can be seen with all of the 14-3-3 isoforms to
some degree. It iseasier to see with the nuclear localized isoforms rather than the non
nuclear isoforms. It is my hypothesis that the antibody cannot get into these inner layers
of the root tip, and thus no labeling is occurring. Perhaps with longer incubation timesin

the digestion mix, it would be possible to visualize the inner cell layers.
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4-1a

4-1b

Figure 4-1.

Arabidopsis thaliana root tips treated with a 14-3-3 polyclonal antibody. The
images were collected using laser scanning confocal microscopy. (a) Three
day-oroot tip treated with a polyclonal antibody to the omega 14-3-3 isoform.
The magnification is 51x. (b) Ten day-old root tip treated with a polyclona
antibody to the omega 14-3-3 isoform. The magnification is 47x.



41

Figure 4-2. Thumbnail images of Arabidopsis thalianaroot tips treated with nine 14-3-3
polyclonal antibodies and control antibodies. The thumbnails are |abeled asto the
specific isoform used. The 14-3-3sfall into two distinct groups, a nuclear and non-
nuclear group. Phi, kappa, chi and lambda make up the nuclear group. Epsilon,
upsilon, mu, nu, and omega make up the non-nuclear group. Two controls are also
shown. Theimage labeled “monoclona” is asingle monoclonal antibody that
recognizes eight out of the ten well-characterized isoforms (mu and epsilon are
excluded). Histone H1 isamonoclonal antibody that isincluded as a control to
identify nuclei.
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Figure 4-3a. Arabidopsis thaliana root tip treated with a polyclonal antibody to the phi
14-3-3 isoform. The image was collected using laser scanning confocal
microscopy at a magnification of 57x. The localization patternis
predominately nuclear, although some signal can be seen in the cytoplasm.




Figure 4-3b. Arabidopsis thdiana root tip treated with a polyclonal antibody to the kappa
14-3-3 isoform. The image was collected using laser scanning confocal
microscopy at a magnification of 45x. The localization patternis
predominately nuclear, athough some signal can be seen in the cytoplasm.
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Figure 4-3c. Arabidopsis thalianaroot tip treated with a polyclonal antibody to the chi

14-3-3 isoform. Theimage was collected using laser scanning confocal
microscopy at a magnification of 41x. The localization pattern is
predominately nuclear, although some signal can be seen in the cytoplasm.
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Lambda (I )
61X

Figure 4-3d. Arabidopsisthaliana root tip treated with a polyclonal antibody to the
lambda 14-3-3 isoform. The image was collected using laser scanning
confocal microscopy at a magnification of 61x. The localization pattern is
predominately nuclear, although some signal can be seen in the cytoplasm.
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Epsilon (e)
32X

Figure 4-4a. Arabidopsis thaliana root tip treated with a polyclona antibody to the
epsilon 14-3-3 isoform. The image was collected using laser scanning
confocal microscopy at a magnification of 32x. The localization patternis
predominately cytoplasmic. No subcellular organelles are visible.




48

Upsilon (u)
34x

Figure 4-4b. Arabidopsis thaliana root tip treated with a polyclonal antibody to the
upsilon isoform. The image was collected using laser scanning confocal
microscopy at a magnification of 34x. The localization patternis
predominately cytoplasmic. No subcellular organelles are visible.
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Figure 4-4c. Arabidopsis thaiana root tip treated with a polyclona antibody to the mu

14-3-3 isoform. The image was collected using laser scanning confocal
microscopy at a magnification of 28x. The localization pattern is
predominately cytoplasmic. No subcellular organelles are visible.
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Figure 4-4d. Arabidopsisthaliana root tip treated with a polyclonal antibody to the nu
14-3-3 isoform. The image was collected using laser scanning confocal
microscopy at a magnification of 45x. The localization patternis
predominately cytoplasmic. No subcellular organelles are visible.
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Figure 4-4e. Arabidopsis thaliana root tip treated with a polyclonal antibody to the

omega 14-3-3 isoform. The image was collected using laser scanning
confocal microscopy at a magnification of 51x. The localization patternis
predominately cytoplasmic. No subcellular organelles are visible.
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Monoclona
35X

Figure 4-5a. Arabidopsisthalianaroot tip treated with a monoclonal antibody
recognizing eight out of the ten well-characterized 14-3-3 isoforms (mu and
epsilon excluded). The image was collected using laser scanning confocal
microscopy at amagnification of 35x. Thisisacompression image of a
larger series of images from a z-series. Thelocalization pattern is
predominately nuclear, although some signal is present in the cytoplasm.
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Histone H1
40x

Figure 4-5b. Arabidopsis thaliana root tip treated with a monoclonal antibody t Histone
H1. Theimage was collected using laser scanning confocal microscopy at
amagnification of 40x. Histone H1 islocated in the nucleus. As expected,
the localization pattern is predominately nuclear.




Wildtype
L0

Figure 4-5. Arabidopsisthaiana root tips treated with either no antibody or
FITC conjugated secondary antibody only. The images were collected using
laser scanning confocal microscopy a magnification of 20x. (a) Wildtype
plants with no antibody treatment. (b) Wildtype plants treated with FITC
conjugated secondary antibody alone.
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lateral root cap
epidermi

T

sErEFETLY]

Figure 4-6. Cell layersof an Arabidopsisthalianaroot tip. Six cell layers make up the
root tip: lateral root cap, epidermis, cortex, endodermis, pericycle, and
vascular bundle, form outermost to innermost. Additionally, there are four
layers of columella cellsimmediately in front of the root meristem. This
diagram was taken directly from the website of Dr. Jim Hasel off,
http://www.plantsci.cam.ac.uk/Hal el of f/ArabidopsiSarchitecture.
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Figure 4-7. Arabidopsis thaliana root tip treated with a monoclonal antibody recognizing
eight of the ten well-characterized 14-3-3 isoforms (mu and epsilon
excluded). The image was collected using laser scanning confocal
microscopy at a magnification of 20x. Thisisaset of four image taken from
alarger z-series through the root tip. The nuclear signal is only present in the
first or second cell layers. The lack of signal in theinterior cell layers maybe
due to inaccessibility of the antibody.




CHAPTER 5
USING GREEN FLUORESCENT PROTEIN FOR 14-3-3 LOCALIZATION

Introduction

The 14-3-3s are afamily of acidic, soluble proteins that wereinitially discovered
in 1967 during a study of cytosolic bovine brain proteins (Moore and Perez, 1967). Once
thought to be limited to brain tissue, studies over the last fifteen years have proven 14-3-
3sto be ubiquitous. The 14-3-3s usually consist of multiple isoforms per organism and
have been found in virtually every eukaryotic organism where scientists have looked for
them (Robinson et al., 1994).

Once the importance of 14-3-3s was established in the late 1980s, the original
mammalian isoforms were re-characterized. There are nine isoformsin mammals and
they are designated as Greek |etters starting at the beginning of the alphabet (Ichimura et

al., 1988). In keeping with that trend, the Arabidopsis thaliana 14-3-3s were named

starting at the end of the Greek alphabet as they were discovered. The arabidopsis 14-3-3
family consists of ten well-characterized isoforms and three newly recognized members.
The established 14-3-3 isoforms are omega, psi, chi, phi, upsilon, lambda, kappa, mu, nu
and epsilon (Lu et a., 1992; Lu et d., 1994b; Wu et d., 1997). The newly recognized
members are omicron, rho, and pi (Rosenquist et al., 2000; DeLille et a., 2001).

The functions of 14-3-3sare many. The general theme of protein-protein
interaction seems to fit well. 14-3-3s are known to regulate key enzymes in metabolic

pathways such as nitrate reductase and sucrose phosphate synthase (Finnie et a., 1999).
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Specificaly in plants, 14-3-3s are also involved in transcription complexes (Lu et al.,
1992). These are just afew of the many known functions of 14-3-3s.

The reason for the large number of 14-3-3 isoforms per organism has always been
akey question. Arabidopsis has the largest number of isoforms with 13 and tomato isa
close second with 10 members. Isthere a specific function for each isoform? Or do the
isoforms serve redundant functions and exist in multiple isoformsto insure their presence
in every tissue? The question remains largely unanswered.

To try to answer the multiple isoform question, we must know where all the
isoforms are located on the subcellular level aswell as wholetissue. This chapter
attempts to localize seven of the arabidopsis 14-3-3 on the subcellular level using in-

frame C-terminal green fluorescent fusions.

Materials and Methods

Oligonucleotide Design

Oligonucleotides were designed to produce a full-length 14-3-3 isoform with the
stop codon removed and either an Spel for the omegaisoform or an Xbal restriction site
for al other isoforms on both the 5" and 3' ends (Gibco BRL and Integrated DNA
Technologies, Inc). The omegaisoform used Spel restriction sites due to the presence of
internal Xbal sitesin the omega coding region.

Cloning of C-terminal Green Fluorescent Protein Fusions

The coding sequence for the 14-3-3 isoforms phi, psi, kappa, chi, lambda, epsilon,
upsilon, omega, and nu were amplified in a polymerase chain reaction (PCR) (1x
polymerase buffer, 0.1 mM dNTPs, ~500 ng of DNA template, 3.8 ng/mL primer, and

2.5 U Vent polymerase. The templates for the PCR reactions were the individual 14-3-3
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isoform cDNAs in the expression vector, pET-15b, with the exception of omega, which
was in pUC18. The PCR product was gel purified using the QIAquick gel extraction kit
(Qiagen). The PCR products were then cloned into the pCR-blunt vector (Invitrogen) as
an Xbal/Xbal or Spel/Spel fragment lacking the stop codon, and transformed into
DH10B competent cells for large-scale plasmid preparations. The presence of the
isoform in pCR-blunt was confirmed by restriction analysis. Each pCR-blunt vector
containing an individual 14-3-3 isoform was restricted using Xbal or Spel, releasing the
entire isoform from the pCR-blunt vector. The proper size fragment was gel purified and
further subcloned into pB112135sGFP (S65T) and transformed into DH10B competent
cells. This puts the entire construct under the control of the CaMV 35S promoter and
GFP isfused to the C-terminus of the 14-3-3. The pBI12135sGFP (S65T) construct was
made by Dr. Paul Sehnke and Michael Manak. The 14-3-3/GFP fusions were subjected to
restriction analysis to confirm orientation of the isoforms, and sequence analysisto verify
that they were truly fusions. The University of Florida ICBR sequencing core performed
all sequence analysis. The 14-3-3/GFP fusionsin pB112135SGFP (S65T) were then
transformed into agrobacterium (GV 3101). An additional construct made by Michael
Manak includes pBI101GFP (S65T), which is a promoterless construct and serves as a
negative control.

Vacuum Infiltration Protocol

This protocol was adapted from the Masters thesis of Elizabeth Bihn, formally of

the Ferl lab. Arabidopsis thaliana, ecotype Wassilevskija (WS), seeds were planted in a

plastic four pack with soil, covered with screen door mesh and secured with two rubber

bands. The potswere placed at 4°C for two daysin the dark. The muffins were then
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moved to the Apopka room, where they received constant light at 23°C. Once the plants
started to germinate, they were thinned down to ~20 plants per muffin. The plants
continued to grow until they started to bolt. The bolts were cut everyday for the next 3-4
days with scissors. On the fifth day, the bolts were not cut and vacuum infiltration was
performed.

For infiltration, one 500 mL culture of agrobacterium strain GV 3101 per clone
(nine total) containing the 14-3-3/GFP fusion were grown in 2YT media ( 10 g/L yeast
extract, 16 g/L tryptone, 5 g/L NaCl, pH 7.3) for several days at 28°C. Cultures were
spun down in a centrifuge at 7,000 rpm for ten minutes and re-suspended in ~ 500 mL of
infiltration media (2.15 g/L Murashige and Skoog salts, 1mL/L Gamborg's B5 vitamins,
50 g/L sucrose, 10 ni/L of benzylamino purine (1 mg/mL stock), 50 L Silwet L-77).
The suspension was placed in a 600 mL beaker, which was placed inside a vacuum
chamber. Plants were placed upside down in the infiltration media suspension and the lid
was placed on the chamber. A vacuum was drawn for seven minutes. Plants were
removed from the suspension, placed on their sides, covered with saran wrap, and
allowed to recover overnight under constant light at 23°C. The next day, the plants were
righted, allowed to grow normally and set seed. The seed was plated onto MS media
plates (4.4 g/L Murashige and Skoog salts, 0.5 g/L MES, 1 mL 1000X Gamborg's B5
vitamins, pH 5.7 with KOH, 4.0 g/L phytagel) containing carbenicillin (250 mg/L) and
kanamyacin sulfate (50mg/L) to kill agrobacteria and select for transformants,

respectively.
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Protein Extraction and Western Blot Analysis

Fresh tissue (100-200 mg) was used in protein extractions. The tissue was placed
into apre-chilled 1.5 mL tube with equal volume of cold extraction buffer (50 mM Tris
pH 7.6, 150 mM NaCl, 0.1% Tween-20, 25 mM NaF, 0.1 mM EDTA). Tissue was
ground with a polytron grinder at a setting of forty for two minutes and immediately
placed back onice. Sampleswere centrifuged at 14,000 rpm for five minutes at 4°C. 60
L of supernatant was removed and an equal volume of pre-warmed 2x SDS sample
buffer was added. All sampleswere heated in boiling water for two minutes. 30 niL of
sample was loaded per lane and subject to 10% SDS-PAGE. The proteins were electro-
transferred to a nitrocellulose membrane and taken through a standard Western-blotting
procedure. Rabbit anti-GFP (Santa Cruz Biotechnology) was used as a primary antibody
at adilution of 1:400 and polyclonal 14-3-3 antibodies were used at either 1:1000 or
1:2000. Goat anti-rabbit horseradish peroxidase was used as secondary antibody at a
dilution of 1:1500.

Whole Mount Sample Preparation

Transgenic seeds were surface sterilized and plated onto MS media. After two
days at 4°C in the dark, the seedlings were placed under constant light at 23°C and grown
vertically for 3-7 days. The entire plant was removed from the media plate and placed on
aregular microscope slide with adrop of water and coversliped. Some samples were
treated with propidium iodide (10 ng/mL) for ten minutes to stain cell walls.

Laser Scanning Confocal Microscopy and Image Analysis

Plant tissue samples were examined with an Olympus I X 70 inverted microscope

mounted to a Bio-Rad MRC 1024ES laser scanning confocal microscope with a
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krypton/argon laser. Collected images were Kalman averaged four to fivetimes. The
images were collected using the Laser Sharp software package (Bio-Rad). The images
were transferred to a PC and cataloged using Thumbs Plus 4 (Cerious software).
Confocal Assistant 4.02 (Bio-Rad) was used to view collected z-seriesfiles and convert
filesfrom a.pic (Bio-Rad format) to an .avi format suitable for Windows viewing of z

series.

Results

Theindividual 14-3-3 isoform coding sequences for omega, chi, psi, phi, upsilon,
lambda, kappa, epsilon, and nu were amplified using PCR based methods. All of the
primers were designed to remove the stop codons from each isoform and to put an Xbal
restriction siteonthe 5’ and 3' ends. Omega used a Spel restriction site due to internal
Xbal sites within the omega coding region (Table 5-1). The nine isoforms were blunt end
cloned into the pCR-blunt vector (Invitrogen). The isoforms were then restricted using
either Xbal or Spel, thus releasing the entire isoform. The 14-3-3s were then cloned into
the vector pB112135SGFP (S65T). The result isan individual 14-3-3 isoform C-
terminally fused in-frame with GFP. The constitutive CaMV 35S promoter drives the
expression of the fusion construct. A graphical representation of the fusion construct is
presented in Figure 5-1. All nine isoforms were successfully fused in this manner as
confirmed by sequence analysis of the 14-3-3/GFP junction.

The pB112135S14-3-3GFP (S65T) fusion constructs were transformed into

agrobacterium for plant transformation. Arabidopsis thaliana, ecotype Wassilevskija

(WS), was transformed with each of the nine 14-3-3 constructs. The transgenic plants

were allowed to set seed and were ultimately taken through at |east two generations.
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Two of the constructs, chi and psi, did not express GFP in any of the Ry seed.
The 14-3-3/GFP fusions themsel ves were verified by sequence analysis. Therefore, itis
my opinion that the transformation process itself was not successful. The other remote
possibility isthat they are undergoing gene silencing. However, thisis unlikely given the
nature of the 35S promoter. Re-transformation of these constructsis planned in future
experiments.

Western blot analysis was performed on the remaining seven 14-3-3/GFP fusions.
Whole plant tissue was used in a protein extraction protocol found in materials and
methods. The protein was subjected to a 10% SDS-PAGE and further subjected to
electro-transfer to a nitrocellulose membrane. The membrane was incubated with a
rabbit anti-GFP antibody, and a goat-anti-rabbit secondary antibody conjugated to
horseradish peroxidase. The results of the western can be seen in Figure 5-2a. All of the
isoforms have a band present at ~55 kDa. GFP is ~27 kDa and the 14-3-3 proteins are
between 27-30 kDa. Therefore, you would expect a protein of ~55 kDalif they were true
fusions. In a separate experiment, the same procedure was followed and the membrane
was incubated with 14-3-3 polyclonal antibodies, kappa, omega, lambda, phi, epsilon,
upsilon, and nu. The membrane was secondarily incubated with goat-anti-rabbit
horseradish peroxidase antibody. The results of the Western can be seen in Figure 5-2b.
Two distinct bands are visible for omega, epsilon, upsilon, and nu isoforms. The lower
band is endogenous 14-3-3 and is ~27-30 kDa. The upper band at ~55-60 kDa is the 14-
3-3/GFP fusion. A single band at ~55 kDa s present for the lambda isoform and a faint
band is visible for the kappa isoform. There are no visible bands present for the phi

isoform. Figure 5-2c isaWestern blot analysis of wildtype plants, plants transformed
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with pBI12135SGFP (S65T) only and plants transformed with epsilon/GFP and
kappa/GFP fusion constructs. Rabbit anti-GFP was used as the primary antibody. No
bands are visible for the wildtype lane. A band at ~27 kDais visible for the GFP only
lane and a band at ~55 kDa s visible for both the epsilon/GFP and kappa/ GFP lanes. The
amount of tissue used was not consistent between constructs and no effort was made to
load the samples equally in either experiment. The Western blots were used smply to
demonstrate that the plants were transformed with GFP and that they were fused to a 14-
3-3.

Three to four lines per construct were examined to confirm that there were no
major differencesin localization due to position effects. Normally many more lines per
construct would be used, however GFP and kanamyacin selection allow fewer linesto be
examined. False-positives can be eliminated by visual inspection of GFP expressionin a
large number of plants. Transgenic plants were grown vertically on MS media under
constant light for 3-7 days. The plants were removed from the media plates and mounted
in water and viewed with alaser scanning confocal microscope. The seven 14-3-3/GFP
fusions demonstrate variable locations within the cell.

Epsilon/GFP is localized predominately to the nuclear envelope, plasma
membrane and cytoplasm. Figure 5-3a shows cells at theroot tip. A small ring of
brighter fluorescence can be seen wrapped around the nucleus and is thought to be the
nuclear membrane. No signal can be seen in the nucleolus and only a dlight signal,
compared to the rest of the cell, can be seen in the nucleus. Figure 5-3b isamagnified
view of cells not at the true root tip, but further up the root. In these cells, aclear ring

around the nucleus can be seen and al so structures streaming from the nucleus can be
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seen. These streaming structures could be endoplasmic reticulum or golgi apparatus,
however the data is difficult to interpret. Again, no signa is present in the nucleolus.
Figure 5-4 shows single images taken from alarger series of images through aroot tip
expressing the epsilon/GFP fusion. A contrast can be seen between the cells of the true
root tip versus cells higher up theroot. The cells higher up are elongated and appear to
be less cytoplasmic and more vacuolated. The cells at the true root tip appear to be less
vacuolated and more cytoplasmic in nature. However, the location of the epsilon/GFP
signal within the cell does not change.

Kappa/GFP is predominately localized to the nucleus, plasma membrane and cell
wall. A small amount of fluorescence can be seen in the cytoplasm aswell. Figure 5-5a
isacompressed image of a complete zseries through the root sample. In short, the Laser
Sharp software takes all of the individual images (65 images in this series) and combines
them into one complete image. Theresultis athree-dimensional looking image. Figure
5-5b isa higher magnification of aroot tip expressing kappa/ GFP. Thereisno signal in
the nucleolus and no signal in what appear to be vacuoles. Figure 5-6aisaroot tip
expressing kappa/ GFP using the FITC filter set. Figure 5-6b is the same root tip that has
been counter stained with propidium iodide and viewed using the Texas Red filter set.
This stain predominately labels the cell walls, however longer incubation times allow the
nuclel to become labeled. Figure 5-6¢ isadual image of the green filter and the red filter
combined. Theresult is overlap of the fluorescence of GFP and the propidiumiodidein
what appears to be the cell wall, which creates ayellow color. Figure 5-7 is a series of
single images taken from alarger z-series that shows the progression through the root tip.

The fluorescence in the nucleus, plasma membrane and cell wall do not change.
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Figure 5-8ais of lambda/GFP showing localization in the nucleus, plasma
membrane and cytoplasm. Figure 5-8b is a higher magnification of the same sample.
The nucleoli aswell as the vacuoles appear to be absent of any fluorescence. There are
not any subcellular structures that are more intensely |abeled than another with this
isoform. The fluorescent signal appears to be evenly distributed among the structures.
Figure 5-9 is a series of four images taken from a more detailed z-series. These images
are from a different sample than those of Figure 5-8. The overall fluorescence is higher
in Figure 5-9, however the ratio of fluorescence among subcellular structures remains the
same.

Figure 5-10ais of omega/GFP demonstrating localization in the cytoplasm,
plasma membrane, and nucleus. Again, signal is absent from the nucleolus and what
appear to be vacuoles. Figure 5-10b is a higher magnification of a different sample
expressing omega/GFP. This figure shows what could be endoplasmic reticulum or the
golgi apparatus expressing GFP aswell. Figure 5-10c represents the true root tip
extremely well. The columellaroot cap and meristem are clearly visible.

Phi/GFP is predominately localized to the cytoplasm, nuclear membrane and
plasma membrane (Figure 5-11a). However, dlight fluorescence can also be seenin the
nucleus. Structures that appear to be vacuoles and the nucleolus lack fluorescencein
Figure 5-11a. Figure 5-11b isahigher magnification image of a different sample
expressing phi/GFP. Other unknown structures are also labeled and visible in Figure 5-
11b. However, without a cellular marker, it is difficult to identify them with any level of
confidence. Figure 5-12 isaseries of five images taken from alarger, more detailed z-

series through the root tip. The first image, Figure 5-12a, starts high and the last image,
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Figure 5-12g, ends at the true root tip. The common theme of elongated, less cytoplasmic
cells higher up the root tip, proceeding to heavily cytoplasmic cells at the true root tip is
demonstrated well here.

Upsilon/GFP is also predominately localized to the cytoplasm, nuclear membrane
and plasma membrane (Figure 5-13a). A higher magnification of a different sample
expressing upsilon/GFP can be seen in Figure 5-13b. Again, fluorescent signal is absent
from the nucleolus and what appear to be vacuoles. A dlight fluorescent signal can be
seen in the nucleus, but it is not as intense as the signal in the cytoplasm. Figure5-14isa
series of four images taken from alarger zseries. These images show the progression
through aroot tip. The GFP signal does not change location in the cytoplasm, nuclear
membrane, or plasma membrane. As the images progress through the root tip, many
unknown cellular structures show fluorescence.

NU/GFP is predominately localized to the cytoplasm, plasma membrane and
nuclear membrane (Figure 5-15a). Figure 5-15b represents a higher magnification of
Nu/GFP. The nucleolusisvoid of any signal and the nucleusis only slightly fluorescing.
Several unknown structures are also visible with thisisoform aswell. Figure5-16isa
series of four images taken from alarger series of images through the root tip. Asthe
images progress, no major changes in localization can be seen.

Plants were al so transformed with the pB112135SGFP (S65T) vector with no 14-
3-3 present as a control. These plants demonstrate localization largely in the nucleus and
some signal is present in the cytoplasm (Figure 5-17a). Signal is absent from the
nucleolus and appears to be absent from the vacuoles. A vector was also transformed into

arabidopsis that contains GFP (S65T), but lacks a promoter, pBI101GFP. Animage
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could not be acquired although the gain and iris were maximized at the time of image
capture (Figure 5-17b). Finally, wildtype arabidopsisis used as a control for
autofluorescence (Figure 5-17¢). Again, theiris and gain were maximized, but no image

wasvisible.

Discussion

Nine constructs were made C-terminally fusing an individual Arabidopsis 14-3-3
member to green fluorescent protein. The successfully fused 14-3-3s are kappa, omega,
lambda, phi, epsilon, upsilon, nu, chi, and psi. All fusion constructs were verified by
sequence analysis before being transformed into agrobacterium. All nine constructs were
subsequently transformed into arabidopsis. Upon screening the Ry seed, no visible
fluorescence was seen for the chi and psi isoforms, therefore they were dropped from
further study. Chi and psi will be re-transformed into arabidopsis at a later date.

Western analysis of the remaining seven constructs revealed some interesting
results. All seven isoformsreveal aproper size band at ~55 kDa when treated with anti -
GFP antibody. In the blot treated with the 14-3-3 antibodies, the results of omega,
epsilon, upsilon, and nu are exactly as expected. The specific 14-3-3 antibody recognizes
two different size bands, the endogenous 14-3-3 and the 14-3-3/GFP fusion. The lambda,
kappa, and phi 14-3-3 antibodies provide a much different result. A single band isvisible
for the kappa and lambda isoforms at ~55 kDa. However, no endogenous 14-3-3 is
visible. Thisresult could be an indication that the endogenous kappa and lambda
isoforms are in low abundance. Thereis not an endogenous or fusion band visible for the
phi isoform. Multiple attempts to show this isoforms presence, using the 14-3-3

antibody, have failed. Varying concentration of antibody and tissue amount has had no
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effect. Thisiscurious considering aclear band isvisible at the proper size when treating
with the anti-GFP antibody. The lack of both an endogenous and fusion band lead me to
believe there is a problem with the antibody recognizing the 14-3-3, rather than a
problem with the 14-3-3/GFP fusion. Finaly, it isimportant to show that the GFP
antibody is specific. No bands are visible for wildtype plants using anti-GFP antibody.
Additionally, a size shift can be seen between plants transformed with pBl 12135SGFP
(S65T) only and those fused to a 14-3-3 asin Figure 5-2c.

The 14-3-3/GFP fusions demonstrate a dynamic localization pattern in the root tip
of Arabidopsis. Table5-2 isasummary of the predominate |ocalization patterns for
seven of the 14-3-3/GFP isoform fusions. The location is ordered from strongest to
weakest. The isoforms appear to localize along evolutionary linesin some instances. For
example, the kappa and lanbda isoforms make up one sub-branch of the non-epsilon
isoformsin a neighbor-joining parsimony tree. Furthermore, both the kappa and lambda
isoforms appear to be present strongly in the nucleus and plasma membrane/cell wall.

No other isoforms have this particular localization pattern. This could point to a specific
and evolutionarily conserved role for these two isoforms. Also, the presence of the kappa
isoform in the cell wall is a unique finding, in that no other arabidopsis 14-3-3 has been
localized to the cell wall. Thisresult, however, isnot conclusive. An argument could be
made that although the signal appears to be yellow, it could because the green in the
plasma membrane is so close to the red of the cell wall. Clearly, this result needs to be
investigated further.

The remaining five isoforms have a similar localization pattern among

themselves, although there is some variance. For example, the epsilon isoform looks
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predominately localized to the nuclear envelope and to alesser degree in the plasma
membrane and cytoplasm. The phi isoform is predominately localized to the cytoplasm,
however, it is aso localized to the nuclear membrane and plasma membrane to a lesser
extent. However, evidence is present of these isoforms falling along evolutionary lines as
well. Upsilon and nu are on the same sub-branch in a neighbor- joining parsimony tree
and they also have very similar localization patterns. Both are predominately localized to
the cytoplasm and to alesser extent the nuclear membrane and plasma membrane.
Although not as dramatic as lambda and kappa, these isoforms could also be localized
according to evolutionary relatedness.

The GFP fusions provide a unique look at 14-3-3 localization within the cell. The
GFP fusions also provide a valuable tool for future studies. Other tissues within the
plants are clearly expressing the 14-3-3/GFP fusion and need to be examined in more
detail. These seven constructs can also be used in future environmental stress
experiments to examine changesin 14-3-3 localization. Further, native promoters can

easily replace the current constitutive promoter for in-depth studies.
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Table 5-1. Primers used to amplify the individua 14-3-3 isoforms from expression
vectors. Each primer has an Xbal restriction site incorporated into the 5' and
3' ends, with the exception of omega which uses Spel. Additionaly, the
primers were designed to remove the stop codon at the 3' end of each isoform.

Epsilon Forward: 5 GCTCTAGAACAATGGAGAATGAGAGGGAAAAGCAG 3
Reverse: 5 TCTAGAGTTCTCATCTTGAGGCTCATCAGCACC 3

Kappa Forward: 5 GCTCTAGAACAATGGCGACGACCTTAAGCAGA 3
Reverse: 5 TCTAGAGGCCTCATCCATCTGCTCCTGCATATC 3

Lambda Forward: 5 GCTCTAGAACAATGGCGGCGACATTAGGC 3
Reverse: 5 TCTAGAGGCCTCGTCCATCTGCTCCTGCAT 3

Omega Forward: 5 GCACTAGTACAATGGCGTCTGGGCGTGAA 3
Reverse: 5 ACTAGTCTGCTGTTCCTCGGTCGGTTTTGG 3

Psi Forward: 5 GCTCTAGAACAATGTCGACAAGGGAAGAGAATG 3
Reverse: 5 TCTAGACTCGGCACCATCGGGCTTTGATGC 3

Nu Forward: 5 GCTCTAGAACAATGTCGTCTTCTCGGGAAGAG 3
Reverse: 5 TCTAGACTGCCCTGTCTCAGCTGGTTTCCC 3

Phi Forward: 5 GCTCTAGAACAATGGCGGCACCACCAGCA 3
Reverse: 5 TCTAGAGATCTCCTTCTGTTCTTCAGCAGG 3

Upsilon Forward: 5 GCTCTAGAACAATGTCTTCTGATTCGTCCCGG 3
Reverse: 5 TCTAGACTGCGAAGGTGGTGGTTGGGC 3

Chi Forward: 5 GCTCTAGAACAATGGCGACACCAGGAGCTT 3
Reverse: 5 TCTAGAGGATTGTTGCTCGTCAGCGGGTTT 3’
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14-3-3 Insert SGFP(S65T)

Tnos

35S promoter

14-3-3/GFP Vector Construct
5779 bp

Pnos

Tnos NPT Il

Figure 5-1. Genera representation of the completed Arabidopsis thaliana 14-3-3/GFP
fusion constructs. Nineindividual Arabidopsis thaliana 14-3-3 isoforms
were fused to green fluorescent protein in this manner. The constitutive
Cauliflower Mosaic 35S promoter drives the expression of the fusion
constructs. The vector also contains the Kanamyacin resistance gene

(NPT I1).
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Figure 5-2. Protein extraction and Western blot analysis. (a) Proteins were extracted
from whole plant tissue and subjected to SDS-PAGE. Proteins were electro-
transferred to a nitrocellulose membrane and treated with anti-GFP antibody.
A single band at ~55 kDaisvisible for all seven constructs demonstrating
that GFP is fused to another protein (14-3-3). (b) A similar procedure was
followed asin (). The nitrocellulose membrane was treated with polyclonal
antibodies to the Arabidopsis thaliana 14-3-3s. A band at ~55 kDa can be
seen for all constructs except phi. Additionally, the isoforms omega, epsilon,
upsilon, and nu have aband at ~30 kDa. This lower band is endogenous 14-
3-3. No bands are present for the phi isoform
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GFP (S65T) only
Epsilon/GFP Fusion
Kappa/ GFP Fusion

Wildtype
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Figure 5-2c. Protein extraction and Western blot analysis. Proteins were extracted from
whole plant tissue and subjected to SDS-PAGE. Proteins were electro-
transferred to a nitrocellulose membrane and treated with anti-GFP
antibody. No bands are present for the lane containing wildtype plants. A
single band at ~27 kDa s visible for the lane |abeled “ GFP (S65T) only.”
Finally a single band at ~55 kDa can be seen for both epsilon/GFP and

kappa/ GFP fusion constructs.
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Figure 5-3. Epsilon/GFP fusion construct demonstrates localization predominately in the
nuclear envelope, plasma membrane and cytoplasm. No signal can be seen
in the vacuoles or nucleolus. (a) Image of root tip at 110x magnification.

(b) Image of cells further up the root tip at 220x magnification.
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Epsilon (e) Epsilon (e)

Epsilon (e) Epsilon (e)

Figure 5-4. Series of four images taken from alarger zseries of epsilon/GFP. The
images show that cells distal to the root tip are elongated and less
cytoplasmic, however that cells at the true root tip are more cytoplasmic.
The images are at 115x magnification.
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Figure 5-5. Kappa/GFP fusion construct demonstrates |ocalization predominately in the
nucleus, plasma membrane, and cell wall. No signal can be seen in the
vacuoles or nucleolus. (a) A compressed image of acomplete zseries
through the root tip at 60x magnification. (b) A single optical dlice of cells
in the root tip of the same plant at 110x magnification.
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Figure 5-6. Kappa/GFP fusion in theroot tip. (a) Image of aroot tip expressing
kappa/GFP collected using a FITC filter set. (b) Image of the same root tip
using a Texas Red filter set after staining with propidium iodide to identify
the cell walls. (c) Image of the same root tip using adual filter set that
collects both green and red signals. Any overlap in the two colorsresultsin
yellow. There appearsto be ayellow signal in the cell walls, indicating 14-
3-3/GFP presence. All images are at 60x magnification.
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Figure 5-7. Series of four images taken from alarger zseries of kappa/ GFP. The images
show no change in signal as the zseries progresses. Again, localizationis
predominately in the nucleus, plasma membrane, and cell wall. These
images are at 60x magnification.



82

Figure 5-8. Lambda/GFP fusion construct demonstrates |ocalization predominately in the
nucleus, plasma membrane and cytoplasm. No signal can be seen in the
vacuoles or nucleolus. (@) Magnification at 60x. (b) Magnification at 110x.
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Figure 5-9. Seriesof four images taken from alarger zseries of lambda/GFP. The
overall fluorescence is more intense in these images, but the ratio of intensity
within the cell doesn’t change from that of (a) and (b). These images were
collected at a magnification of 115x. No signal isvisible in the vacuoles or

nucleolus.
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Figure 5-10. Omega/GFP fusion construct demonstrates localization predominately in
the cytoplasm, plasma membrane, and nucleus. (a) Image collected at a
magnification of 60x. (b) Image collected at a magnification of 180x. (c)
Image collected at amagnification of 97x. No signal isvisiblein the

vacuoles or nucleolusin any of theseimages. The columellaroot cap and
meristem are shown well in (c).
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Figure 5-11. Phi/GFP fusion construct demonstrates localization predominately in the
cytoplasm, nuclear membrane, and plasma membrane. (a) A single optical
dlice through the root tip at a magnification of 106x. (b) A single optical
dlice through the root tip at a magnification of 166x. No signal isvisiblein
the vacuoles or nucleolus in either image.
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Figure 5-12. Series of four images taken from alarger zseries of phi/GFP. The signal
does not change in any of the images as the zseries progresses. These
images are the same sample as 5-11 and are at a magnification of 106x. No
signal can be seen in the vacuoles or nucleolus in these images.
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Figure 5-13. Upsilon/GFP fusion construct demonstrates |ocalization predominately in
the cytoplasm, nuclear membrane, and plasma membrane. (a) A single
optical dlice at amagnification of 97x. (b) A single optical diceat a

magnification of 148x. No signal can be seen in the vacuoles or nucleolus
in these images.
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Figure 5-14. Series of four images taken from alarger zseries of upsilon/GFP. The
signal does not change in any of the images as the zseries progresses.

These images are at amagnification of 97x. No signal can be seenin the
vacuoles or nucleolus in these images.
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Figure 5-15. Nu/GFP fusion construct demonstrates |ocalization predominately in the

cytoplasm, plasma membrane, and nuclear membrane. (a) A single optical
dlice at amagnification of 110x. (b) A single optical dliceat a

magnification of 193x. No signal can be seen in the vacuoles or nucleolus
in any of these images.
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Figure 5-16. Series of four images taken from alarger zseries of nu/GFP. The signal
does not change in any of the images as the zseries progresses. These
images are at amagnification of 106x. No signal can be seen in the
vacuoles or nucleolusin these images.
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GFP only

Wildtype

Figure 5-17. Control constructs. (a) pB112135sGFP (S65T) with no 14-3-3 present.
This construct is used as a control for un-fused GFP expression. GFP
localizes predominately to the nucleus and cytoplasm. Thisimageisat a
magnification of 115x. (b) pBI101 isaconstruct that contains GFP, but
lacks a promoter. No image could be captured although both the iris and
gain were maximized. (c) Wildtype arabidopsisis used as a control for
autofluorescence. No signal could be captured although both theiris and
gain were maximized.
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Table5-2. 14-3-3/GFP fusion locations within the cell.

14-3-3 Location using GFP Fusions

Isoform Predominate Location within Cell

Epsilon Nuclear envelope, plasma membrane and cytoplasm

Kappa Nucleus, plasma membrane/cell wall, cytoplasm
Lambda Nucleus, plasma membrane and cytoplasm
Omega Cytoplasm, plasma membrane and nucleus

Phi Cytoplasm, nuclear membrane and plasma membrane

Upsilon Cytoplasm, nuclear membrane and plasma membrane

Nu Cytoplasm, nuclear membrane and plasma membrane




CHAPTER 6
CONCLUSIONS

14-3-3s commonly exist as multiple isoform families within a particular
organism. 14-3-3s are seemingly ubiquitous, having been found in virtually every
eukaryotic organism where they have been sought. Thisfamily of proteinsisinvolved in
numerous functions as well as metabolic pathways. 14-3-3s associate with protein
kinases, act as positive and negative regulators, and also associate with transcription
factorsin plants.

This thesis has dealt primarily with the 14-3-3 family found in Arabidopsis
thaliana. 1n 1992 and 1994, Lu et al. identified five 14-3-3 isoformsin arabidopsis (Lu et
a., 1992; Luet al., 1994b). 1n 1997, Wu et d. identified five additional isoforms

bringing the number of Arabidopsis thaliana 14-3-3 isoformsto ten (Wu et al., 1997). It

was widely believed that these ten isoforms were the complete arabidopsis 14-3-3 family.

However, the completion of the Arabidopsis thaliana genome project allowed the

identification of three additional 14-3-3 isoforms (Rosenquist et al., 2000; DeLilleet al.,
2001), bringing the total number of 14-3-3 isoforms to thirteen. In fact, the genome
project provided information on two additional 14-3-3 genes that appear to produce non
functional protein products (Rosenquist et al., 2000; DeL.ille et a., 2001).

Given the large number of isoforms within Arabidopsis thaliana, functional

specificity among the isoforms emerged as an important issue. Do all the isoforms

essentialy play the same role within the cell or does each isoform play a specific role?

97



98

One way to answer this question is through localization studies. If the isoforms play the
same role, then you would expect all the isoforms to be found in the same location within
the cell and a general localization pattern. However, if each isoform plays a specific role,
then you would expect the isoforms to be found in different locations within the cell and
exhibit a unique localization pattern.

Two methods were used to study 14-3-3 |ocalization within 3-7 day old
arabidopsisroot tips. In the first method, a set of nine polyclonal antibodies was used.

Each antibody recognizes a specific Arabidopsis thaliana 14-3-3 isoform. All the

Arabidopsis thaliana 14-3-3s share a conserved core region with the N- and C-termini

being the most divergent. It isthought that the divergent N- and C-termini could give
each isoform functional specificity. Due to the similarity of each isoform, the antibodies
were made to peptides derived from either the N- or C-terminus. The antibodies to
isoforms phi, kappa, chi, and lambda were all generated to the N-terminus. The
antibodies to isoforms epsilon, upsilon, mu, nu, and omega were al generated to the C-
terminus. Whole plant tissue was fixed, digested, treated with a single 14-3-3 antibody
and secondarily treated with a FITC conjugated antibody. The nine antibodies
demonstrated alocalization pattern in one of two groups, nuclear or non-nuclear. All of
the N-terminal antibodies are found in the nucleus and all the C-terminal antibodies are
found in the cytoplasm (nornuclear).

A clear difference in localization among the 14-3-3 isoforms was apparent using
the antibodies. However, the two distinct groups of localization according to termini
were unexpected. As previously mentioned, the N- and C-termini are thought to provide

functional specificity to each isoform. If these regions are involved in associations with
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other proteins, they may not be accessible to the antibody. The lack of accessibility
would give afalse impression of localization.

In the second method, C-terminal green fluorescent protein (GFP) fusions to nine
of the thirteen isoforms were used in localization studies. 1soforms epsilon, kappa,
lambda, omega, phi, upsilon, nu, chi, and psi were each fused to GFP and transformed
into arabidopsis. Theisoforms chi and psi showed no visible fluorescence in the R, seed
and it is thought that theyfailed to transform properly. The remaining isoforms were
taken through at |east two generations.

The 14-3-3/GFP fusions demo nstrate a diverse localization pattern both among
isoforms and with GFP alone. GFP aone primarily localizes to the nucleus and
cytoplasm. No signal can be seen in the nucleolus or vacuoles of GFP aone or any of the
14-3-3/GFP fusion constructs. The seven 14-3-3/GFP fusions show a wide range of
localization. Phi, upsilon, and nu are primarily localized to the cytoplasm, nuclear
membrane and plasma membrane. Omega is localized to the cytoplasm, plasma
membrane and nucleus. Epsilon is predominately localized to the nuclear envelope,
plasma membrane and cytoplasm. Kappa and lambda demonstrate the most dramatic
localization pattern among the isoforms. These two isoforms are present predominately
in the nucleus and plasma membrane and to a lesser extent in the cytoplasm. None of the
other isoforms have this particular localization pattern. Additionally, kappa and lambda
are closely related evolutionarily and in fact make up one sub-branch of the non-epsilon
group members in a phylogenetic tree. Upsilon and nu appear to have the same general
localization pattern although it is not as dramatic as kappa and lambda. Upsilon, nu, and

ps also make up a sub-branch in a phylogenetic tree. It isinteresting to speculate that the
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14-3-3 isoforms might localize according to evolutionary relationships. However, that is
not clear at this point because we lack localization datafor al the thirteen isoforms.

Both the polyclonal antibodies and GFP fusions provide important information
concerning 14-3-3 localization. The GFP fusions both confirmed the antibody data and
provided new and specific localization information for each 14-3-3 isoform. Figures 6-
la-c are a comparison of plants treated with an individual 14-3-3 polyclonal antibody and
those transformed with a 14-3-3/GFP fusion construct. In the case of kappa and lambda,
the antibody data and GFP fusion data correlated well. Using both methods of
localization, we proved that kappa and lambda are present in the nucleus as well as the
cytoplasm. Additionally, the GFP fusions were able to provide information about the
plasma membrane and cell wall.

In the case of the omega and epsilon isoforms, the data sets did not correlate as
well. Using the polyclonal antibodies, omega and epsilon localized to the cytoplasm.
The GFP fusions showed the omega isoform to be primarily in the cytoplasm, but also in
the plasma membrane and nucleus. The GFP fusions showed the epsilon isoform to be
primarily in the nuclear envelope, plasma membrane and cytoplasm. Both omega and
epsilon polyclonal antibodies recognize the C-terminus. Perhaps the C-terminusis
involved in an interaction that preventsit from being recognized by the antibody. A
logical way around this problem isto simply generate an N-terminal antibody for these
two isoforms. The hypothesisisthat an N-terminal antibody for omega and epsilon
would provide localization data sets that now correlate with the GFP fusion data sets.

Many additional experiments can be performed with these constructs. Plans are

under way to re-transform chi and psi into Arabidopsis thaliana. Also, a mu/GFP fusion
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is currently being constructed and will also be transformed into Arabidopsis thaliana.

Additionally, 14-3-3s are found in other Arabidopsis thaliana tissues and these tissues

need to be examined further. For example, indications of the 14-3-3/GFP fusions being
expressed in guard cells are seen, but have not been investigated in any depth.

The 14-3-3/GFP fusions should also be tested for environmental stresses such as
dehydration and cold tolerance, and chemical stresses such as abscisic acid and
fusicoccin. It would be interesting if some, if not all, the 14-3-3/GFP fusions change
localization upon being stressed.

Thereis still much to be learned about the 14-3-3 family. Arabidopsis thaliana

provides the unique opportunity to study alarge and complete 14-3-3 family within a
single organism. These localization studies provide the first steps into isoform specific

functions and should be used as a springboard for future experiments.
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Figure 6-1a. Thumbnail images of Arabidopsisthaianaroot tips. The plantsin the left
hand column were treated with 14-3-3 polyclonal antibodies. The plantsin
the right hand column were transformed with the respective 14-3-3/GFP
fusion construct. These are the same images that are found in chapters 4

and 5.
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Epsilon (e) Epsilon (e)

Upsilon (u) Upsilon (u)

Figure 6-1b. Thumbnail images of Arabidopsis thaliana root tips. The plantsin the left
hand column were treated with 14-3-3 polyclonal antibodies. The plantsin
the right hand column were transformed with the respective 14-3-3/GFP
fusion construct. These are the same images that are found in chapters 4

and 5.
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Figure 6-1c. Thumbnail images of Arabidopsisthaianaroot tips. The plantsin the left

hand column were treated with 14-3-3 polyclonal antibodies. The plantsin
the right hand column were transformed with the respective 14-3-3/GFP
fusion construct. These are the same images that are found in chapters 4

and 5.



APPENDIX
SEQUENCES OF 14-3-3/GFP FUSIONS

This appendix contains the sequences of nine 14-3-3/GFP fusions. The 14-3-3
isoforms are epsilon, kappa, lambda, omega, phi, upsilon, nu, chi, and psi. Two
sequencing reactions per clone were performed, a forward and reverse. The forward
reaction used a primer that recognizes the tail end of the 35S promoter and provides
sequence for anything behind the promoter using the sense strand. The reverse reaction
used a primer that recognizes the beginning of GFP and provides sequence for anything
in front of the GFP, using the anti-sense strand. The goal of using these two primers was
two fold. First, the forward primer was used to check that the start site and beginning of
the 14-3-3 were correct. Second, the reverse primer was used to verify the 14-3-3/GFP
junction. We wanted to insure that there were no single or double base frame shifts and
that GFP was properly fused to the 14-3-3. Because the 35S promoter and the GFP in
each clone were identical, we could use the same two primers for all nine constructs. The
sequence of the forward primer is (5 CGCACAATCCCACTATCCTTS3'). The sequence
of the reverse primer is (5 CGGACACGCTGAACTTG3).

The following pages contain the sequences for al nine 14-3-3 constructs. There
are two pages per clone. The first page contains the ideal and correct sequence showing
both sense and anti-sense strands. The second page contains the actual forward and
reverse sequences for that particular clone. Further, the text has been color coded to

make it easier to interpret. Black text isthe sequence of the 35S promoter. Bluetext is

106
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sequence of the particular 14-3-3. Green text is the sequence of GFP. The name of each
isoform is identified at the tip of each page.

Additionally, the sequences have not been edited in any way. Therefore, there are
bases that are not identified and are shown as“n.” Also, the further into the clone that the
sequence goes, the less accurate it becomes. Both junctions, 355/14-3-3 and 14-3-3/GFP,
are correct in every clone.

Figure A-1 isashort summary of al nine actual 14-3-3/GFP fusions. Thefirst
five and last five 14-3-3 amino acids are shown as well the first five amino acids of GFP.
Again, the amino acids are color coded as to their identity. The point isto illustrate that

there are no frame shifts or dropped amino acids and that they are true fusions.

14-33 14-3-3
Epsilon - MENE R.......... DENSR
Kappa - MATT Lo.ee. DEASR
Lanbda - MAAT L. DEASR
Oega - MASGR..... EQQTR
Phi - MAAPP.... QEI SR
Upsilon - MS SDS...... PSQSR
Nu - MSSSR.... TGQSR
Chi - MATPG...... QQSSR
Psi - MSTRE..... GAESR

Figure A-1. A summary of the actual amino acid sequence for the 14-3-3/GFP
constructs. The first five and the last five amino acids of each 14-3-3 are
shown, aswell asthe first five amino acids of GFP. The 14-3-3isidentified
as blue and GFP as green. There are no frame shifts or dropped amino acids
in any of the constructs. Phi has a single amino acid change, denoted by the
red Q (should be aK). However, this error could be attributed to the
unedited sequence.
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Epsilon Isof orm

AGACCCTTCC TCTATATAAG GAAGITCATT
TCTGGGAAGG AGATATATTC CTTCAAGTAA

GGACTCTAGA ACAATGGAGA ATGAGAGCCGA

CCTGAGATCT

AGCTCTCCGA
TCGAGAGECT

AAAGTTGCTC

TGITACCTCT

TACTCTCCCT

TCATTTGEAG
AGTAAACCTC

AAAGCAGGTT
TTTCGTCCAA

GCAAACCGAA AGATACGATG AAATGGTGGA
CGITTGECTT TCTATGCTAC TTTACCACCT

AGCTTGATGT

GGAGCTAACT

TTTCAACGAG TCGAACTACA CCTCGATTGA

GIGGAAGAGA
CACCTTCTCT

ATCTGTAGGG TACAAGAATG TGATTGGTGC AAGGAGAGCA
ATGITCTTAC ACTAACCACG TTCCTCTCGT

TAGACATCCC

TACTATCTTC

CATTGAGCAG

AAGGAAGAGT

ATGATAGAAG GTAACTCGIC TTCCTTCTCA

GICAAGAGEC
CAGITCTCCG

AGTTTGTAAT
TCAAACATTA

CTAACCCTGT
GATTGCGACA

TATCGCTATC
ATAGCGATAG

AGATCAGICT
TCTAGTCAGA

GITTGGCACC
CAAACCGTGG

GITTTCTACT
CAAAAGATGA

TAAGCAAGCA
ATTCGITCGT

AATCATACAA
TTAGTATGIT

ACCTTGIGGA
TGGAACACCT

TTAAGAATTA
AATTCTTAAT

GACATCTTGT
CTGTAGAACA

GGAGTCAACT
CCTCAGITGA

TTGCGGAGIT
AACGCCTCAA

CTTGAAGCAT
GAACTTCGTA

CACACATCCA
GIGIGTAGGT

ATGAGATCTT
TACTCTAGAA

TCGTAAGAGA
AGCATTCTCT

CTGICATTGA
GACAGTAACT

GICTTTTTCT
CAGAAAAAGA

CAGITCTGGT
GI'CAAGACCA

ATAAGECTGC
TATTCCGACG

GITAGACTTG
CAATCTGAAC

GAACTCTCCC
CTTGAGAGEG

CCAAGGGAAA
GGITCCCTTT

GITGAAGATG
CAACTTCTAC

TAAGCATCTC
ATTCGTAGAG

ACAAAATGAA
TGITTTACTT

GCTGAACGCA
CGACTTGCGT

TGITGCTGCT
ACAACGACGA

GCTTGECGTT
CGAACCGCAA

GAAAGCGCAT
CTTTCGCGTA

TTCGATGATG CAATTGCTGA ACTTGACAGC
AAGCTACTAC GITAACGACT TGAACTGICG GAGITGCTCC

AGACAGCACT
TCTGTCGIGA

CTTCAGACCT

AGAACACGCEG
TCTTGTGCCC

TACTTGGECTA
ATGAACCGAT

GECGATGAAG
CCCGCTACTTC

GGAATCTTGT
CCTTAGAACA

TCATGGAGAA
AGTACCTCTT

TGATGAAAAT
ACTACTTTTA

AGCTTGCTAA
TCGAACGATT

ATTCCATCGT
TAAGGTAGCA

AGGAGATTAC
TCCTCTAATG

AGGAAGCTGC
TCCTTCGACG

GCAGAGAATG
CGICTCTTAC

GAACTTTTCA
CTTGAAAAGT

GCCAATTGEC
CGGITAACCG

CTCAACGAGG

CTTATTATGC AGCTACTTAG AGACAATCTC
GAATAATACG TCGATGAATC TCTGITAGAG

TAATGAGGAA GGAGATGAGA GAACCAAAGG
GAAGTCTGGA ATTACTCCTT CCTCTACTCT CTTGGITTCC

TGCTGATGAG CCTCAAGATG AGAACTCTAGAAT GGTCGACCAACEECGAGGT G
GGAGTITCTAC TCTTGAGATCT TACCACTCGI TCCCECTCCAC

ACGACTACTC
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Epsilon I soform

Sequence using a forward prinmer to the tail end of the 35S pronoter
(5’ CGCACAATCCCACTATCCTT3' ) :

TTTCANTTCCNT TACCTNCCTCTATATAAGGAAGT TNTTTCCT T TGGAGAGAACACGEEEGACTCTAGAAC
AATCGAGAATGAGAGENAATATCNT GT TTACT TGECTAAGCT CTCCGAGCAAACCGATAGATNCNAT GAAA
TGGTGGAGGCGATGAAGAAAGT TGCTCAGCT TGAT GTGGAGCT AACT GTGGAAGAGAGGAATCT TGTATCT
GIANGGTACAAGAAT GT GAT TGGCGCAAGGAGAGCAT CATNGANAATACT ATNTNCCAT TGAGCAAANNGA
AGAGNCCAAGGGANAT GATNANAAT GTCANGAGGCT TANAGAAT TATCGT AAGAGANT TGAAGATGANCT T
GCTAAAGT TTGTAATGACATCT TGTCTGT CATTGATAACCATCTCATTCCATCTNCTAACCCT TGTGGAGT
CAACTGTCTTTTTCTACACAAATGAAAAGGAGAT TACCTATNACTATCTTNCCNGANT TCANTTCTNGTGC
TGANCGCAAAGNAGCTCAAATCCAGT CTTCT TGANCCATAT TNCGCTGCTNT GCCNGCCT CACAAAAANGA
NCTGCACCCCNCNCT TCCATTTAACT TGECT TGGCCT TNANCNNT TCNATNT TCNCNT TGANAANCNTNNA
CNTCCNNCCNTAAGCCCCTGNCANT TTNCCTAACCT CGCAT TTCNAACGAATGCCATTTGCNTAACTCTTG
TACNCT CCCCAANCNACGGAAANNCT TCCACNNNANCCCCNCCTCCTTTTTTATTNNCCCCT TACCTANNA
AAACCNATNNTCNACCT TTTNTNGNGACNT TCNNNNCTCTTTTAT TANNGGAATCGCCTNT TTATAAATAC
NNCCACNCGGCTNCCTNTATTTGACCCCCCTNAAAANNT ACCAACTCTTTTAACNNT

Sequence using a reverse prinmer to the beginning of G-P
(5" CGGACACGCTGAACTTG3' ) :

TNGTCGT TTACGT GNGCCGNNCANCT GGACGAGNAT GGECACCACCNCGEECGAACAGCTCCTCGCCCTTGC
TNACCATTCTAGAGT TCTCATCNTGAGCCTCATCAGCACCTTTGGT TCTCTCATCTCCTTCCTCATTAAGG
TCTGAAGTI CCACAAGGT GAGATTGT CTCTAAGTAGCTGCATAATAAGAGT GCTGTCTTTGTATGATTCCTC
GITGAGGCTGI CAAGT TCAGCAAT TGCATCATCGAATGCTTGCT TAGCCAAT TGECATGCGCT TTCGEGAG
AGTTCAAGATCTCATAGT AGAAAACT GAAAAGNT CAACGCCAAGCCAAGT CTAACTGGATGTGTGEGTGCC
AAACCATTCTCTGNAGCAGCAACAGCAGCCTTATATGCT TCAAGAGACTGATCTGCAGCTTCCTTGCGI TC
AGCACCAGAACT GAACT CCGCAAGATAGCGATAGTAATCTCCTTTCATTTTGTAGAAAAAGACAGT TGACT
CCACAGCGT TAGACGATGGAAT GANAT GCT TATCAAT GACNGACAAGATGNCATTACAAACT TTAGCAAGC
TCATCTTCAACTCTCTTACGATAATTCTTAAGCCTCTTGACATTTTCATCATTTCCCTTGGACTCTTCCTT
CTNCTCAATGGAAGATAGNATTCTCCATGATGCTCTCCT TGCACCAATCACATTCTTTGTACCCTACAGAT
CAAGATTNCTCTCTTCCACAGT TAGCT CCNCTCAAGCNGAGCAAACT TTCTTCATTCGCCTCCACCATTTT
CATCGTATCTTTTCGGEGENT TGNTCGEGAAAAGCT TTAGCCCAGTAAACCTCGCCT TTCCCCTCTCNATTCT
CCATT
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CTAGAACAAT
GATCTTGITA

AAGCTCGECCG AGCAAGCCGA
TTCGAGCGEC TCGTTCGECT

GCGITACGAA
CGCAATCGCTT

GGECGACGACC TTAAGCAGAG ATCAATATGI CTACATGECG
CCGCTCCTGG AATTCGTICTC TAGITATACA GATGTACCGC

GAGATGGITC AATTCATGEA
CTCTACCAAG TTAAGTACCT

ACAGCTCGTA
TGICGAGCAT

GGAATCTTCT
CCTTAGAAGA

GCATGGAGAA
CGTACCTCTT

AGTGGAGCTA

TCACCTCGAT GIGECCGECC

ACTCGACTGG

CACCGECCGEG TGAGCTGACC GTAGAAGAGA

CATCTTCTCT

CTCGEECECG TATAAGAACG TGATTGGATC TCTTCGCGECG

GAGCCCGCGEC ATATTCTTGC

TCGIGICTTC GCTTGAGCAA
AGCACAGAAG CGAACTCGTT

CGAAGAACAC GIGICGCTTG
GCTTCTTGTG CACAGCGAAC

AGCTTTCTTC GATCTTTTCT
TCGAAAGAAG CTAGAAAAGA

TTAAGGATTA
AATTCCTAAT

GGGATTCTCA
CCCTAAGAGT

ACTAACCTAG

AAGGAAGAGA
TTCCTTCTCT

CAGATCTAAA
GICTAGATTT

GGITACTTGA
CCAATGAACT

AGAAGCGECCEC

GCAGGAAGAA
CGICCTTCTT

GITGAGACTG
CAACTCTGAC

TTCGCATCTA
AAGCGTAGAT

ATTCCTTCAG CTACTGCCAG GGAGTICTAAG GITTTTTACC TGAAGATGAA

TAAGGAAGIC GATGACGGTC

AGGAGATTAT
TCCTCTAATA

CATCGITATT
GIAGCAATAA

AAACTGCTGC TGAAGATGCT
TTTGACGACG ACTTCTACGA

CCTCAGATTC

TGCCTGAGIT
ACCGACTCAA

ATGATCCCTT
TACTAGCGAA

CAAAAAATGG ACTTCTACTT

TAAATCTGGT
ATTTAGACCA

GATGAGAGEA
CTACTCTCCT

ACAAAGCTGC TCAGGACGTT
TGITTCGACG AGTCCTGCAA

GCAGITGCTG ATCTAGCACC TACACATCCG ATCAGCCTTG GITTGECTCT

CGICAACGAC TAGATCGIGG

TAACTTCTCA GIGITTTACT
ATTGAAGAGT CACAAAATGA

GIAGCATGGEC GAAACAGECT
CATCGTACCG CTTTGICCGA

TTGGGAGAGG AGTCATACAA
AACCCTCTCC TCAGTATGTT

GGACAATCTA ACCCTTTGEA
CCTGITAGAT TGGGAAACCT

CCTCTAGAAT GGTIGAGCAAG
GGAGATCTTA CCACTCGITC

ATCCTGGTCG AGCTGGACNG
TAGGACCAGC TCGACCTGNC

ATGTGTAGEC

ACGAGATTCT
TGCTCTAAGA

TTTGAAGAAG
AAACTTCTTC

GGACAGTACT
CCTGICATGA

CCTCCGATAT
GGAGCCTATA

GECGAGGAGC
CCGCTCCTCG

CGACGTAAAC
GCTGCATTTG

TAGTCCGAAC CAAACCGAGA

CAACTCTTCA
GITGAGAAGT

CCATTCCTGA
GGTAACGACT

GAGAAACGCTT
CTCTTTCGAA

GCTGGACACA
CGACCTGIGT

CTCATCATGC AGITGCTAAG
GAGTAGTACG TCAACGATTC

GCAGGAGCAG ATGGATGAGG
CGICCTCGTC TACCTACTCC

TGITCACCGG GGIGGIGCCC

ACAAGIGECC

GGCCACAAGT
CCGGTGITCA

CCACCACGEG

TCAGCGIGIC
AGICGCACAG



111

Kappa | sof orm

Sequence using a forward prinmer to the tail end of the 35S pronoter
(5’ CGCACAATCCCACTATCCTT3' ) :

GANCCTTCCTCTATATAAGGAAGT TCATTTNNT TTGGAGAGAACACGEGEGEGACT CTAGAACAATGGECGACG
ACCTTAAGCAGAGATCAATATGT CTACAT GGCGAAGCT CGCCGAGCAAGCCGAGCGT TACGAAGAGATGGT
TCAATTCATGGAACAGCT CGTAAGT GGAGCTACACCGECCGEGET GAGCTGACCGTAGAAGAGAGGAATCTTC
TCTCGGTCGCGTATAAGAACGT GATTGGATCTCT TCGT GCGECATGGAGAATCGTGTCTTCGAT TGAGCAA
AAGGAAGAGAGCAGGAAGAACGAAGAACACGT GTCECTTGT TAAGGATTACAGATCTAAAGT TGAGACTGA
GCTTTCTTCGATCTGT TCTGEGATTCTCAGGT TACTTGATTCGCATCTAATTCCT TCAGCTACTGCCAGT G
AGTCTAAGGT TTTTTACCTGAAGAT GAAAGGAGAT TATCATCONTATTTGECTGAGT TTAAATCTGGTGAT
GAGAGGAAAACT GCTGCTGAAGATACT AT GATCGCT TACAAAGCT GCCTCAGGACGT TGCAGI TGCTGATCT
AGCACCTACACATCCGATCAGECTTGGT TTGECTCTTAACTTCTCAGI GT TTTACTACGAGATTCTCAACT
CTTCAGAGAAAGCT TGTANCATGGECNAAACAGGCT TTTGAANAANCCAT TGCT GANCTGGACACATTGGGA
AGAGGAGT CATACAAGGACAGTACTCTCATCATGCACT TGCCTAANGGACNATCTAACCCTTTTGGACCTC
CNATATTCCANGGAGCANAT NGGAT TAGGCCCNTANAAT GGTNAACCNNGGECCAAN

Sequence using a reverse prinmer to the begi nning of GFP
(5" CCGGACACGCTGAACTTGR' ) :

TTGNAGCCCCCT GCTAGANCANNAT GGECACCACCCCGGT GAACAGCTCCTCGCCCTTGCTCACCATTCTA
GAGGCCTCATCCATCTGCTCCTGCATAT CCGAGGT CCAAAGGGT TAGATTGT CCCTTAGCAACT GCATGAT
GAGAGTACTGICCTTGTATGACTCCTCTCCCAATGI GT CCAGCT CAGCAATGECT TCTTCAAAAGCCTGI T
TCGCCATGCTACAAGCT TTCTCTGAAGAGT TGAGAATCTCGTAGT AAAACACT GAGAAGT TAAGAGCCAAA
CCAAGCCTGATCGGATGT GTAGGT GCTAGATCAGCAACT GCAACGT CCTGAGCAGCT TTGTAAGCGATCAT
AGTATCTTCAGCAGCAGI TTTCCTCTCATCACCAGAT TTAAACT CAGCCAAATAACCGATGATAATCTCCT
TTCATCTTCAGGTAAAAAACCT TAGACT CACT GGCAGTAGCT GAAGGAAT TANAT GCGAAT CAAGT AACCT
GAGAATCCCAGAACAGATCGAAGAAAGCT CAGTCTCAACT TTAGATCTGTAATCCT TAACAAGCGACACNT
GITCTTNGTTCTTCCTGCTCTCTTCCTTTTGCTCAAT CCGAAGACACGAT TCT CCATGCCGCACGAAGAGA
TCCAATCACCGT TCNTATACNGCNACCGAGAGAAGAT TCCTCTCTTCTACCGT CAAGT TCACCGGECCCGGET
GIAACTCCACTTACGAACCTGT TCCTTGNAT TGAACCATCNTCNTCCCTAAACCGCTCNGCCT TGCTCGEC
GAAGCNT TCCCNT GGTNGACNTNAT TGAACCT CCTGCT TAAAGGNCCCCCTCTTTGCTCCTANAACTCCCC
CCccCct



51

101

151

201

251

301

351

401

451

501

551

601

651

701

751

801

112

Lanbda | sof orm

CTAGAACAAT GGCGGECGACA TTAGGCAGAG ACCAGTATGI GTACATGECG

GATCTTGITA CCGCCGCTGT

AAGCTCGECCG AGCAGGCGEA
TTCGAGCGEC TCGTCCGCCT

ACAGCTCGIT ACAGECCCTA
TGTCGAGCAA TGTCCGCGAT

GGAATCTCCT CTCTGTTGCT
CCTTAGAGGA GAGACAACGA

GCCTGGAGAA TCGTGICTTC
CGGACCTCCT AGCACAGAAG

CGACGAGCAC GIGICGCTTG
GCTGCTCGTG CACAGCGAAC

AGCTTTCTTC TGITTGCTCT
TCGAAAGAAG ACAAACGAGA

AATCCGICTC

GCGITACGAA
CGCAATCGCTT

CTCCAGCGEA
GAGGTCGCCT

TGGTCATACA CATGTACCGC

GAGATGGITC AATTCATGEA
CTCTACCAAG TTAAGTACCT

AGAGCTCACC GTTGAAGAGA
TCTCGAGIGG CAACTTCTCT

TACAAAAACG TGATCGGATC
ATGITTTTGC ACTAGCCTAG

GATTGAGCAG AAGGAAGAGA

CTAACTCGTC

TCAAGGATTA
AGITCCTAAT

GGAATCCTTA
CCTTAGGAAT

TTCCTTCTCT

CAGATCTAAA
GICTAGATTT

AGCTCCTTGA
TCGAGGAACT

ATCCCATCTG CTGGAGCGAG TGAGTICTAAG GICTTTTACT

TAGGGTAGAC GACCTCGCTC

AGGTGATTAT CATCGGTACA
TCCACTAATA GTAGCCATGT

AAACTGCTGC TGAAGATACC
TTTGACGACG ACTTCTATGG

GCAGCTGCGG ATATGGCACC
CGICGACGCC TATACCGIGG

GAATTTCTCA GIGITCTACT
CTTAAAGAGT CACAAGATGA

GIAACATGGEC CAAACAGECT
CATTGITACCG GITTGICCGA

CTGEGAGAGG AATCCTACAA
GACCCTCTCC TTAGGATGIT

GGACAATTTA ACCCTTTGEA
CCTGITAAAT TGGGAAACCT

CCTCTAGAAT GGTIGAGCAAG
GGAGATCTTA CCACTCGITC

ATCCTGGTCG AGCTGGACNG
TAGGACCAGC TCGACCTGNC

ACTCAGATTC

TGCCTGAGIT
ACCGACTCAA

ATGCTCGCTT
TACGAGCGAA

CAGAAAATGA

TAAGTCTGGT
ATTCAGACCA

ACAAAGCAGC
TGITTCGTCG

TCTACGCGCC
AGATGCGECGG

GITAGGAAGAA
CATCCTTCTT

GITGAGICTG
CAACTCAGAC

CTCGCATCTG
GAGCGTAGAC

TGAAGATGAA
ACTTCTACTT

GATGAGAGA
CTACTCTCCT

TCAGGATATC
AGTCCTATAG

TACTCATCCG ATAAGECTTG GICTGECCCT

ATGAGTAGEC

ATGAGATTCT
TACTCTAAGA

TTTGAGGAGG
AAACTCCTCC

AGACAGCACT
TCTGTCGTGA

CCTCCGATAT
GGAGCCTATA

GECGAGGAGC
CCGCTCCTCG

CGACGTAAAC
GCTGCATTTG

TATTCCGAAC

CAATTCTTCA
GITAAGAAGT

CCATAGCTGA
GGTATCGACT

CTCATAATGC
GAGTATTACG

GCAGGAGCAG
CGICCTCGTC

TGITCACCGG
ACAAGIGECC

GCCCACAAGT
CCGGTGITCA

CAGACCGGEA

GACAAACGCTT
CTGITTCGAA

GCTTGACACT
CGAACTGTGA

AGITGCTGAG
TCAACGACTC

ATGGACGAGG
TACCTGCTCC

cejjeejjceoe
CCACCACGEG

TCAGCGIGIC
AGTICGCACAG
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Sequence using a forward prinmer to the tail end of the 35S pronoter
(5’ CGCACAATCCCACTATCCTT3' ) :

ATAANGAAGT TCATTTNT TTGGAGAGAACACGEEEGACT CTAGAACAAT GGOGGECGACAT TAGGCAGAGAC
CAGTATGT GTACAT GGCGAAGCT CGCCGANCANGCGGAGCGT TACGAAGAGAT GGT TCAAT TCATGGAACA
GCTCGT TACAGECGCTACT CCAGCGGAAGAGCT CACCGT TGAAGAGAGGAATCTCCTCTCTGT TGCTTACA
AAAACGT GATCGGAT CT CTACGCGCCGCCT GGAGGATCGT GT CT TCNAT TGAGCANAAGGAAGAGAGTANG
AAGAACGACGAGCACGT GTCGCTTGTCAAGGAT TACAGATCTAAAGTI TGANTCTGAGCTTTCTTCTGITTG
CTCTGGAATCCTTAANCTCCTTGACTCGCATTTGATCCCATCTGCTGGACCGAGT GAGNCTAANGTCTTTN
ACTTNGAAGATGAAAGGT GATTATCNTCGGCACATGGECT GAGNT TCAGNCTGGTGATGATAGGANAACT GC
TNCTGAANNATACCCT GCTCGCT TACAAAGNACAT CAGGATATCNCAACCT GTNGATATGGCACNTACT CA
TTCCNNTAAGGCT TCGNTCTGGECCCTGGAAT TTCTCNGNGTNTCTCTATGAGATNCNNAANNTNT TCAGAC
CAACNCTTGTNATNATNGCCNTACNNGCT TCTNANGAGGCCATACCCNNAACCT TTGACCNCTCTNGNNGC
AGNACGGANTCCT TCTANAGCCCAGCNCTNCTCCATAANTNTAAGT TTNCTNNAACGGTACCTNCT TTAAA
TCCTTTTCGGACTCCTCCTNNTATTGCCCANTATCTNTCT TGNNCNTNAGCCCTNNTNTCAATCNCTCNAC
CNATNTNGCCNANNT

Sequence using a reverse prinmer to the beginning of GFP
(5" CCGGACACGCTGAACTTR' ) :

CCACCT TCTAANGNT NTCNNTNNANNTAACAANT CNT TAT NCNNNNNNCNNCCNCCCCNNNNCCCCCCAGA
AAAAANNGNGENGNNNNNNNNNTNNT GGGGTNANATNGGAATAT TGGT CGAT TCGT CGCCGATCACT CGTA
COGACCECACCACCCCEET GAACAGCT CCTCECCCT TECTCACCATTCTAGAGECCTCGTCCATCTGCTCC
TGCATATCGGAGGT CCAAAGGGT TAANNTGT CCCTCATCAACT GCATTATGAGAGT GCTGT CTTTGTAGGA
TTCCTCTCCCAGAGT GTCAAGCTCAGCTATGGECCT CCTCAAAAGCCTGT TTGECCATGI TACAAGCTTTGT
CTGAAGAATTGAGAATCTCATAGTAGAACACT GAGAAAT TCAGGECCAGACCAAGCCTTATCGGATGAGT A
GGIGCCATATCCGCAGCT GCGATATCCTGAGCTGCTTTGTAAGCNANCATGGTATCTTCAACAGCANNTTT
CCTCTCATCACCAGACT TAAACTCANCCAT GTACCGATGATAATCACCTTTCATCTTCNAGTAAAAGACCT
TAGACTCACT CGCTCCAGCAGAT GGGAT CACAT GCCAGT CAAGGAGCT TAAGGAT TCATAGCAAACNGNAN
CAAAGCTCATACTCANCTTTACATCTGTAATNCT TGACAATGCNACNCGAGCTCGTCGCCCTTCCTACTCT
CTTCCTTNTTGCT CAATCGAAGACNCGAT CCTCCANACCGGENCCGT ANACGAACCCAANCACTTTTTTTNN
AAATCAACANTAATAGGACATNTCTCTTCT TNACNGT GAGCTCTTT TCGNT TGGANNNTANCCGCCT CTNAN
CTAAGCTGCCTCCNTNANATTGNACCTNAT TCTNTTCCTAACCNCCT CCCCCTGCCTNCNGTAANCCTTCT
NCCTGCACACNTANNATGNNTCTCT TGNNCNNANTNNT TGTCCCCCAT T TGNTCCAANANANCCCCCCNNN
G
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CTAGTATGEC GICTGGEECGT
GATCATACCG CAGACCCGCA

GAGCAAGCGG AGAGGTACGA
CTCGITCECC TCTCCATGCT

CGCCCCCGTT GATGGCGATG
GCGECGECAA CTACCGCTAC

GAAGAGITCG
CTTCTCAAGC

AGAGATGGTA
TCTCTACCAT

AACTCACCGT
TTGAGTGGCA

TATACATGEC TAAGCTCGCCG
ATATGTACCG ATTCGAGCGC

GAGITTATGG AGAAAGTICTC
CTCAAATACC TCTTTCAGAG

AGAAGAGCGA AATCTTCTCT
TCTTCTCGCT TTAGAAGAGA

CCGITCCCTTA TAAGAATGIG ATTGGTIGCTC GCCGTGCCTC GTIGGECGTATC
GGCAGCGAAT ATTCTTACAC TAACCACGAG CGGECACGGAG CACCGCATAG

ATTTCATCGA TCGAGCAGAA
TAAAGTAGCT AGCTCGICTT

CACGCCGATC CGITGAATATA
GIGCCGCTAG GCACTTATAT

TCTGCGACGG AATCCTTAAG
AGACGCTGCC TTAGGAATTC

GCTTCTGGTG ATTCCAAGGT
CGAAGACCAC TAAGGTTCCA

CAGGTACTTG GCTGAGTTTA

GICCATGAAC

AACATACACT
TTGTATGTGA

CTTGCTCCAA
GAACGAGGTT

GITCTATTAC

CGACTCAAAT

GGAAGAGAGC

CGIGGTAACG ATGACCACGT

CCTTCTCTCG GCACCATTGC TACTGGIGCA

GGICTAAGAT
CCAGATTCTA

TTGCTTGACT
AACGAACTGA

CTTTTACCTT
GAAAATGGAA

AGACTGGTCA
TCTGACCAGT

CGAGACGGAA
GCTCTGCCTT

CTAGACTCAT
GATCTGAGTA

CTCTCCGGAA
GAGAGCCCTT

CCCTGCCECT
GGGACGGECEA

AAGATGAAGG GAGATTATCA
TTCTACTTCC CTCTAATAGT

AGAGAGGAAA
TCTCTCCTTT

GACGCCGECCG
CTGCEECEEC

CGCCCCTTAC AAATCTGCTC AGGATATTGC TAATGCAGAG
GCGCCGAATG TTTAGACGAG TCCTATAACG ATTACGICTC

CACACCCAAT
GIGIGCGITA

GAGATCCTCA

CAAGATAATG CTCTAGGAGT

TCGICTTGGT
AGCAGAACCA

ATTCTCCTGA
TAAGAGGACT

AACAGECCTT
TTGICCGGAA

TCATACAAAG
AGTATGITTC

TCTCTGGACA
AGAGACCTGT

CAGCAGCGECC

TGATGAGECG ATTGCAGAGT
ACTACTCCGC TAACGICTCA

ACAGTACCTT

CTTGCATTGA
GAACGTAACT

TCGTGCCTGT
AGCACGGACA

TGGACACTCT
ACCTGTGAGA

ACTTCTCTGT
TGAAGAGACA

AACCTCGCCA
TTGGAGCGGET

TGGTGAAGAG
ACCACTTCTC

GATCATGCAG CTTCTTCGIG ACAATCTCAC

TGICATGGAA CTAGTACGTC GAAGAAGCAC TGITAGAGIG

TCTGATATGC AGGATGATGC TGCGGATGAG ATCAAGGAAG
AGACTATACG TCCTACTACG ACGCCTACTC TAGITCCTTC

AAAACCGACC GAGGAACAGC

AGACTAGAAT

GICGICECGEG TTTTGECTGG CTCCTTGICG TCTGATCTTA

GCCGAGGAGC
CCGCTCCTCG

GGTGAGCAAG
CCACTCGITC

TGITCACCGG GGTIGGTACCC ATCCTGGTCG AGCTGGACNG

ACAAGTIGECC CCACCACGEG

TAGGACCAGC

TCGACCTGNC
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Sequence using a forward prinmer to the tail end of the 35S pronoter
(5’ CGCACAATCCCACTATCCTT3' ) :

GACCTTCTCTTATAAGGAAGT TCATTTCAT TTGGAGAGAACACGEEEGACT CTAGTACAAT GECGTCT GGG
CGTGAAGAGT TCGTATACAT GECTAAGCT CGCGGAGCAAGCGGAGAGGTACGAAGAGATGGTAGAGT TTAT
GGAGAAAGT CTCCGCCGCCGT TGAT GECGATGAACT CACCGT AGAAGAGCGAAATCTTCTCTCCGT CGCTT
ATAAGAATGTGAT TGGT GCTCGCCGT GCCTCGT GECGTATCATT TCAT CGATCGAGCAGAAGGAAGAGAGC
CGTI GGTAACGAT GACCACGT CGCGGECGAT CCGT GAATATAGGT CTAAGAT CGAGACGGAACT CTCCGGAAT
CTGCGACGGAATCCTTAAGT TGCTTGACT CTAGACT CATCCCTGCCGCTGCT TCTGGT GATTCCAAGGT CT
TTTACCTTAAGATGAAGGCGAGAT TATCACAGGTACT TGECTGAGT TTAAGACT GGT CAAGAGAGGAAAGAC
GCCGCCGAACATACACT CGCCCCTTACAAATCTGCTCAGGATAT TGCTAATGCAGACT TGCTCCAACACAC
CCAATTCGTCTTGECTTGCATTGAACT TCTCTGTGI TCTATTACGAGATCCTCAATTCTCCTGATCGTGCC
TGITACCTCGCCAAACANGCCTTTTATGAAGCGATTGCAGAATTTGGACACT CTTTGGT GAAGANNCNTAC
AAAGACAGTACCCTTGATCTTCNNCT TNTTCNTGGACNATTTTNACTTTNTTGGACCT TNTTGATATCCAG
GATTANTGCCT GNNGGAT GAAAACNAAGGGAACCNNNNNCNCCCAAAACCCNCCCGNGGNANCNNCCNNAC
TTANAAT TNGNNNANCNANGGGGECCAANGANCNT T T TCCCCGEEENGEENNGCCCNT CTGNTCAACNT GGA
CGGGENANCTAAAACNGNCNCNANT TTNANNCT TTTCCCNCNAGGEECNANGGEENGANT CCCCCT TNNNGNA
ANCTNNCCTTNAATTNTTTTNANNCCCGNNANNT NCCGGECCT TGCCCCCT T TNACCCT TNNT TAGGT TNNN
TNTTNNCCNTNCCNCCCTTAAANA

NNNAN

Sequence using a reverse prinmer to the begi nning of G-P
(5" CCGGACACGCTGAACTTGR' ) :

CGTATACGT CGNCGT CCAGCT CGACCAGGAT GGECACCACCCCGEGET GAACAGCTCCTCGECCCTTGCTCACC
ATTCTAGICTGCTGT TCCTCGGTCGGT TTTGECGCTGCTGCT TCCT TGATCTCATCCGCAGCATCATCCTG
CATATCAGATGT CCAGAGAGT GAGATTGT CACGAAGAAGCTGCATGATCAAGGTACTGTCTTTGTATGACT
CTTCACCAAGAGT GTCCAACT CTGCAAT CGCCTCATCAAAGGCCT GT TTGECGAGGT TACAGGCACGATCA
GGAGAATTGAGGATCTCGTAATAGAACACAGAGAAGT TCAATGCAAGACCAAGACGAATTGEGTGTGI TGG
AGCAAGCTCTGCATTAGCAATATCCTGAGCAGAT TTGTAAGCGGECGAGT GTATGI TCGECGEECGTCTTTCC
TCTCTTGACCAGT CTTAAACTCAGCCAAGTACCTGTGATAATCTCCCTTCATCTTAAGGTAAAAGACCT TG
GAAT CACCAGAAGCAGCGGECAGGGATGAGT CTAGAGT CAAGCAACT TAAGGATTCCCGT CGCANAT TCCGG
AGAGT TCCGTCTCGATCT TAGACCTATAT TCACGGAT CGCCCCGACGT GGTCATCGT TACCACNGNTCTCT
TNCTTTNCTCGATCGAT GAAAT GATACGCCACGANGCACNGCGAGCCCCAATCACATTCTTATAAGCNACC
GGAGAGAANAATTCGCTCT TNT TCCGNGAGT TCATCCCCT TCACNGEEEEEEGAGACT TTNTCCATAAACT
CTTCCATCTCTTTNNACCTTTCCNCTTTGCTCCGCGAGCTTAACCNT TGT TTTCCAAACTTTTTCACNCCC
AAACCCCNT TGTACTAAAAT CCCCCCGGEGT TTNTCCANATGAAANT GAACT TTCCTTTTTNAAAAGGAAAG
GNCNT TCCCAAAAGGAAAANGGEGGAT TGNGNNGTNNTNCCCT TTCANT NNGNGGGEGNANAT TNNCATTCA
ATCCCCCTTTCCTTTTAAAAANANNGNNTGEENACCNNNTTTTTTTTTTTCCCNAAGCCCCCNCNGEEEEG
GGEEEEEEECENT TTTT TGEENNCNCNNNNNNGNNNNAAAAGNT CTTT TNANNNANNGCT
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Phi

CTAGAACAAT GGCGGCACCA CCAGCATCAT
GATCTTGITA CCGCCGTGGET GGTCGTAGTA

GIGTACCTCG CAAAGCTCGC AGAGCAAGCG
CACATGGAGC GITTCGAGCG TCTCGITCGC

TGAATTCATG GAAAAAGTICG CTGAAGCCGT

| sof orm

CCTCGECGAG GGAAGAGITC
GGAGCCGCTC CCTTCTCAAG

GAACGITACG AAGAAATGGT
CTTGCAATGC TTCTTTACCA

TGACAAAGAC

GAACTCACCG

ACTTAAGTAC CTTTTTCAGC

TCGAAGAACG TAATCTCCTC
AGCTTCTTGC ATTAGAGGAG

CGICGIGCTT CCTGGAGAAT
GCAGCACGAA GGACCTCTTA

GACTTCGGCA

TCCGTCGECTT
AGGCAGCGAA

CATCTCTTCC

ACTGITTCTG CTTGAGTGEC

ACAAAAACGT
TGITTTTGCA

ATTGAACAAA

GIAGAGAAGG TAACTTGITT

TCGTGGTAAC GATGACCATG TGACCACGAT

CCGTGATTAC

AATCGGECCCT
TTAGCCGCGA

AAGAAGAGAG
TTCTTCTCTC

AGAAGCAAGA

AGCACCATTG CTACTGGTAC

TCGAATCTGA GITATCGAAA
AGCTTAGACT CAATAGCTTT

ACTAGACTTG TTCCTCCTTC

ACTGGIGCTA

GGECACTAATG TCTTCGITCT

ATCTGTGACG GTATTCTTAA

TAGACACTCGC

TGCTAATGEA

CATAAGAATT

GCTTCTTGAT
CGAAGAACTA

GATTCTAAGG TTTTTTACCT

TGATCTGAAC AAGGACGAAG ACGATTACCT

TAAGATGAAG GGAGATTATC ATAGGTATTT
ATTCTACTTC CCTCTAATAG TATCCATAAA

AAGAGAGGAA AGATGCTGCT
TTCTCTCCTT TCTACGACGA

CAGGATATTG CTAATGCTGA
GICCTATAAC GATTACGACT

TTTGECTTTG AATTTCTCTG
AAACCGAAAC TTAAAGAGAC

ATCGTGCTTG TAATCTCGCT
TAGCACGAAC ATTAGAGCGA

TTAGATACTC TTGGAGAGGA
AATCTATGAG AACCTCTCCT

GAACATACTC
CTTGTATGAG

ATTGGECTCCA
TAACCGAGGT

TGITTTACTA
ACAAAATGAT

AAGCAGECGT
TTCGTCCGCA

CTAAGATTCC

GECTGAGITT
CCGACTCAAA

TCACCGCTTA
AGTGGCGAAT

ACGCATCCGA
TGCGTAGECT

TGAGATTCTT
ACTCTAAGAA

TTGATGAAGC

AAAAAATGGA

AAGACTGGAC
TTCTGACCTG

CAAAGCTGCT
GITTCGACGA

TTCGICTTGG
AAGCAGAACC

AATTCTCCAG
TTAAGAGGTC

CATTCCTGAG

AACTACTTCG GTAACGACTC

GICATACAAG GATAGTACCT

CAGTATGITC

CTATCATGEA

TGATCATGCA
ACTAGTACGT

GCTTCTTCGT
CGAAGAAGCA

GICCGGAGEA
CAGECCTCCT

AAGGAGATCT
TTCCTCTAGA

GGTGCCCATC
CCACGCEGTAG

GACAATCTTA
CTGITAGAAT

GATTAAAGAA
CTAATTTCTT

CTAGAATGEGT
GATCTTACCA

CTGGTICGAGC
GACCAGCTCG

CTCTCTGGAC TTCTGACATG CAGGACGAAA

GAGAGACCTG AAGACTGTAC

GCAGCAGCAC CAAAGCCTGC
CGICGICGTG GITTCGGACG

GAGCAAGGEEC GAGGAGCTGT
CTCGITCCCG CTCCTCGACA

TGGACNGCGA CGTAAACGEC
ACCTGNCGECT GCATTTGCCG

GICCTCCTTT

TGAAGAACAG
ACTTCTTGIC

TCACCGEEGT
AGTGECCCCA

CACAAGITCA
GIGITCAAGT
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Sequence using a forward prinmer to the tail end of the 35S pronoter
(5’ CGCACAATCCCACTATCCTT3' ) :

TCCTCTATATAAGGAAGTI TCATTTCATT TGGAGAGAACACGEEEGACT CTAGAACAAT GBCGGECACCACCA
GCATCATCCT CCECGAGGGAAGAGT TCGT GTACCT CGCAAAGCT CGCAGAGCAAGCGGAACGT TACGAAGA
AATGGT TGAATTCATGGAAAAAGT CCCTGAAGCCGT TGACATAGACGAACT CACCGT CGAAGAACGT AATC
TCCTCTCCGT CGCTTACAAAAACGT AAT CGECGCT CGTCGTGCT TCCTGGAGAATCATCTCTTCCATTGAA
CAAAAAGAAGAGAGT CGT GGTAACGAT GACCAT GT GACCACGAT CCT TGATTACAGAAGCAAGATCGAATC
TGAGTTATCGAAAATCTGTGACGGTATTCTTAAGCT TCT TGATACTAGACTTGT TCCTGCTTCTGCTAATG
GAGATTCTAAGGT TTTTTACCT TAAGATGAAGGGAGAT TATCATAGGTAT TTGECTGAGT TTAAGACT GGT
CAAGAGAGGAAAGATGCTGCTGAACATACTCTCACCGCT TACAAAGCTGCTCAGGATATTGCTAATGCTGA
ATTGECTCCAACGCATCCGATTCGTCTTGGI TTGECTTTGAATTTCTCTTGTGT TTTCTATGAAGATTCT T
AATTCTCCAGATCGTGCTTGNAATCTCCT TAACAGGCGT TTGATGAACCCTTGCTGAGT TAGATACTCT TG
GANAGGAGT CATCCANGGATAGTACCTTGGT TCATGCATCTTCTTTCGTGACATTNNTACTTCTTTTGGGA
CTTCTGANAT GCAGGGACANAAAAGT CCGEENNGGAGNAT TAAAGAAANCANCT GCCCCANAACCCTGGT T
GNAAAANCT TCNNGNAAANNCT NT TGAAT GGGGNAACNAT GGECNNANGANCT TGT TCNCCGEEGT GEEEG
CCCAT TCCTGGNNAAACCT GGACGGENGGAAAT TAAAACGGECCACCAAGT TTNNNCGT TNTCCCGGECTAAGG
GCANAGGGECNTATCCCCNCT TCTGGTNTGT TCACCCT TGAANGT NAT T TGCNNCCCCGG

Sequence using a reverse prinmer to the beginning of GFP
(5" CCGGACACGCTGAACTTGR' ) :

GT CGCCGT CCAGCT CGACCAGGAT GGECACCACCCCGGT GAACAGCTCCTCGECCCTTCGCTCACCATTCTAG
AGATCTCCTGCTGI TCTTCAGCAGECTTTGGTIGCTGCTGCTTCTTTAATCTCCTCCGGACT TTCGTCCTGC
ATGT CAGAAGT CCAGAGAGT AAGAT TGT CACGAAGAAGCT GCATGATCAAGGTACTATCCTTGTATGACTC
CTCTCCAAGAGTATCTAACT CAGCAATGCECTTCATCAAACGCCT GCTTAGCGAGATTACAAGCACGATCTG
GAGAATTAAGAAT CTCATAGT AAAACACAGAGAAAT TCAAAGCCAAACCAAGACGAAT CCGATGCGT TGGA
GCCAATTCAGCATTAGCAATATCCTGAGCACGCT TTGTAAGCGGT GAGAGTATGT TCAGCAGCATCTTTCCT
CTCTTGACCAGI CTTAAACT CAGCCAAATACCTATGATAATCTCCCTTCATCT TANGGTAAAAAACCTTAG
AATCTCCAT TAGCAGAAGCAGGAACAAGT CTAGT ATCAAGAAGCT TAAGAATACCGT CACAGATTTTCGAT
AACTCANATTCGATCTTGCTTCTGT AATCAAGGATCGT GGT CACATGGT CATCGNTACCACGACTCTTTCT
TTTTGI TCAATGGAAGAAGATGATTCT CCANGAAGCACGACGAGCCGCCGAATTNCGT TTTTGGTAAGCCG
ACCNGAGAAGGANATTACGT TCTTTNGACGGNGANGT TCNNTNTATGNNAACCGGEGT TTNGGCGENCNT TT
NTCCNATGGAATTNCANCCATTTCTTCTTANCNGT TNNGCT TGGT TNTGGCNAAGCTNT TGCNAANGGANC
NCNGAANT TNTTCCT T TGNCCNGAGGANGAAT GCT TNGT GGGGEGEECCNCCACT TGT TCNCNNAAGANCTCN
CCGGENGGGECT TTNCNT CAANGNNAANGNAATNT CCTTT TAT TCNAANAAAGGGCCTGCTANAGGANAGT GG
GGAGNNGNNCGNAANCCNT AANGNNCGGEENGAAATNCAT TAANNCT CANGGCT TANANACCN
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CTAGAACAAT
GATCTTGITA
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GICTTCTGAT
CAGAAGACTA

AAGTTAGCCG AGCAAGCTGA

TTCAATCGEC

GAAAGITGCA
CTTTCAACGT

ATCTCTTGIC

TGGAGGATTA

ACCTCCTAAT

TGATCATGIT
ACTAGTACAA

TCAGCAAGAT
AGTCGITCTA

CCTGCTGCTT
GGACGACGAA

AGATTATCAT
TCTAATAGTA

AAGCTGCTGA
TTCGACGACT

CTTGCTGATC

TCGITCGACT

TCGTCCCGEG AAGAGAATGT GTACTTGGECC
AGCAGGEECCC TTCTCTTACA CATGAACCGG

GCGITACGAG GAAATGGITG AGTTCATGGA
CGCAATGCTC CTTTACCAAC TCAAGTACCT

AAGACCGTGG AGACCGAGGA ACTTACTGIT

TTCTGGECACC

TGITGCTTAC

TCTCTTCCAT

AGAGAAGGTA

TCGATTATCA
AGCTAATAGT

TTGTGATGEC

TCTGECTCCT

TGAATGACAA

GAAGAGAGEA
CTTCTCTCCT

AAGAACGTGA TTGGTGCTAG GAGAGCTTCT
TAGAGAACAG ACAACGAATG TTCTTGCACT AACCACGATC

TGAGCAGAAG GAAGATAGCA

ACTCGTICTTC

CTTCTATCGT

AGGATTACAG AGGCAAGATT

TCCTAATGIC

ATTTTGAACC

TCCGITCTAA

TTCTTGAGEC

CTCTCGAAGA

GGEGEECAACAG
CCCCGITGTC

GAAACTGAGC
CTTTGACTCG

TCATCTCATT

AACACTACCG TAAAACTTGG AAGAACTCCG AGTAGAGTAA

CTTTGCCTGA
GAAACCGACT

CGGTACCTTG
GCCATGGAAC

GAGCACTCTT
CTCGTGAGAA

TGECTCCCAC

GICCAAAGTT
CAGGTTTCAA

CTGAATTCAA
GACTTAAGTT

GITGCCTACA
CAACGGATGT

TCACCCAATC

TTTTACCTGA
AAAATGGACT

GACTGGTGCT
CTGACCACGA

AGTCTGCTCA
TCAGACGAGT

AGACTGEEEC

AGATGAAGEG
TCTACTTCCC

GAGAGGAAAG
CTCTCCTTTC

GGATATTGCT
CCTATAACGA

TTGCTCTTAA

GAACGACTAG ACCGAGGEGTG AGTGEGTITAG TCTGACCCCG AACGAGAATT

CTTCTICTGIT
GAAGAGACAA

GICTCGCAAA
CAGAGCGTTT

GGAGAGGAAT
CCTCTCCTTA

CAATCTCACC
GITAGAGTGG

TCAAGGAAGC
AGITCCTTCG

CCACCTTCGC
GGIGGAAGCG

cejjeejjceoe
CCACCACGCEG

TTCTACTATG
AAGATGATAC

GCAGCCTTTT
CGTCCGAAAA

CATACAAGEA
GTATGITCCT

CTCTGGACTT
GAGACCTGAA

AGATTCTCAA
TCTAAGAGIT

GATGAGGCAA
CTACTCCGTT

CAGTACATTG
GICATGTAAC

CTGACCTCAA
GACTGGAGTT

CTCATCTGAT
GAGTAGACTA

TCTCGGAGCT
AGAGCCTCGA

ATCATGCAGC
TAGTACGTCG

TGACGAAGCT
ACTGCTTCGA

CCCGAAAGAG GTGCAGAAAG TTGATGAACA

GECTTTCTC

AGTCTAGAAT
TCAGATCTTA

ATCCTGGTCG
TAGGACCAGC

CACGICTTTC

GGTGAGCAAG
CCACTCGITC

AGCTGGACNG
TCGACCTGNC

AACTACTTGT

GCCGAGGAGC
CCGCTCCTCG

CGACGTAAAC
GCTGCATTTG

CGIGCGITGTA
GCACGCACAT

AGACACATTG
TCTGTGTAAC

TTCTCCGIGA
AAGAGGCACT

GGIGATGATA
CCACTACTAT

AGCCCAACCA
TCGEGTTGGT

TGITCACCGG
ACAAGIGECC

GGECCACAAGT
CCGGTGITCA
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Sequence using a forward prinmer to the tail end of the 35S pronoter
(5’ CGCACAATCCCACTATCCTT3' ) :

TGNNNACGCCCGCAGNACCT TCTCTATATAAGGAAGT TNTTTCT T TGGAGAGAACACGEEEGACTCTAGAA
CAATGICTTCTGAT TCGT CCCCEGAAGAGAAT GT GTACT TGECCAAGT TAGCCGAGCAAGCTGAGCGI TAC
GAGGAAATGGT TGAGT TCAT GGAGAAAGT TGCAAAGACCGT GGAGACCGAGGAACT TACTGTTGAAGAGAG
GAATCTCTTGTICTGT TGCTTACAAGAACGT GAT TGGT GCTAGGAGAGCT TCTTGGAGGATTATCTCTTCCA
TTGAGCAGAAGGAAGAT AGCAGGEGEECAACAGT GATCATGT TTCGAT TATCAAGGAT TACAGAGGCAAGAT T
GAAACTGAGCTCANCAAGATTTGTGATGECATTTTGAACCT TCTTGAGGCTCATCTCATTCCTGCTGCTTC
TTTGCECTGAGT CCAAAGT TTTTTACCT GAAGAT GAAGGGAGAT TATCATCGGTACCT TGCTGAATTCAAGA
CTGGT GCTGAGAGGAAAGAAGCTGCTGAGAGCACT CTTGT TGCCTACAAGT CTGCTCAGGATATTGCTCTT
GCTGATCTGGECTCCCACT CACCCAATCAGACTGEEECTTGCTCTTAACTTCTCTGI TTTCTACTATGAGAT
TCTCAACTCATCTGATCGT GCGT GTAGT CTCNCAAAGCANGCT TTTGATGAGGCAATCTCGGAGCTAGACA
CATTGGGAGANGAATCATTCAAGGACAGNACAT TGATCATGCAGCT TCTCCGT GACAATCTCACCCTCTGG
ACTTCTGCCTCAANT GACCAAACT GGTGATGATAT CAACGGAAGCCCCGANNT

Sequence using a reverse prinmer to the beginning of G-P
(5" CGGACACGCTGAACTTG3' ) :

GNNTNANGANNCCCCNNNGGT TTGCCGTCNCGT AAACT CCGCT CGACT NNAAT GGGCACCACCCNGGTGAA
CAGCTCCTCECCCT TCCTCACCATTCTAGACT GCGAAGGT GGTGGT TGEECTTGT TCATCAACT TTCTGCA
CCTCTTTCGEEECT TCCTTGATATCATCACCAGCT TCGTCATTGAGGT CAGAAGT CCAGAGGGTGAGAT TG
TCACGGAGAAGCTGCATGATCAATGTACTGT CCTTGTATGATTCCTCTCCCAATGT GT CTAGCT CCGAGAT
TGCCTCATCAAAAGCCT GCT TTGCGAGACTACACGCACGAT CAGATGAGT TGAGAATCTCATAGTAGAAAA
CAGAGAAGT TAAGAGCAAGCCCCAGT CTGAT TGGEGT GAGT GGGAGCCAGAT CAGCAAGAGCAATATCCTGA
GCAGACTTGTAGGCAACAAGAGT GCTCTCAGCAGCTTCTTTCCTCTCAGCACCAGTCTTGAAT TCAGCAAG
GIACCGATGATAATCTCCCTTCATCTTCAGGTAAAAAACT TTGGACT CAGCCAAAGAAGCAGCAGGAATGA
GATGAGCCTCAAGAAGGT TCAAAATGCCATCACAAATCTTGCTGAGCTCAGI TTCAATCTTGCCTCTGTAA
TCCTTGATAATCGAACATGATCACTGNTGCCCCTGCTATCTTCCTTCTGCTCAATGGAAGAGATAATCCTC
AAGAAGCT CTCCTAGCACCAATCACGT TCTTGGAAGCAACAGACAAGANAATCCTCTCTTCAACAGT AAGT
TCCTCGGTCTCCACGGTCTTTTGCACTTTNT TCATGAACTAACCATTTCCTCGTAACNCTTAACTTGECTC
GNTAACTGGGCCAAGNNCACAT TNTNTTCCCGGEGACGAATCANAAAAAAT TGT TT TNNAATCCCCCGGEGT T
NTTTCAAATGAAANGAANT TCNT TTT TANANGAAGGGNCT TNCNAAGGAAAANGGGAATNGGENCNNNTTCC
TTNCNCNNGGGNAAATCCNTNANCCNCT TGT TTNAAAAANNGGENNGGACNNT TTTTTTNCCNANNNNCC
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CTAGAACAAT GICGICTTCT CGGGAAGAGA
GATCTTGITA CAGCAGAAGA GCCCTTCTCT

ATGIGTACTT AGCCAAGITA
TACACATGAA TCGGITCAAT

GCTGAGCAAG CTGAACGITA TGAGGAAATG GITGAGITCA TGGAGAAAGT

CGACTCGITC GACTTGCAAT ACTCCTTTAC

TGCAAAGACT GITGACACCG ATGAGCTTAC

CAACTCAAGT ACCTCTTTCA

TGTCGAAGAG AGAAACCTCT

ACGITTCTGA CAACTGTGEC TACTCGAATG ACAGCTTCTC TCTTTGGAGA

TGICTGITGC TTACAAGAAC GICATTGGTG CTAGGAGAGC TTCCTGGAGG

ACAGACAACG AATGITCTTG CAGTAACCAC

ATCATATCTT CCATTGAACA GAAGGAAGAA
TAGTATAGAA GGTAACTTGT CTTCCTTCTT

TGITTCCATT ATCAAGGACT ACAGAGGAAA
ACAAAGGTAA TAGITCCTGA TGICTCCTTT

GATCCTCTCG AAGGACCTCC

AGCAGAGGAA ACGATGATCA
TCGICTCCTT TGCTACTAGT

GATCGAAACT GAACTCAGCA
CTAGCTTTGA CTTGAGTICGT

AAATCTGIGA TGGAATACTC AATCTTCTGG ATTCTCACCT TGITCCCACT

TTTAGACACT ACCTTATGAG TTAGAAGACC

GCATCTTTGG CCGAGTCCAA AGTCTTTTAC
CGTAGAAACC GCCTCAGGIT TCAGAAAATG

TAAGAGTGGA ACAAGGGTGA

CTCAAAATGA AAGGAGATTA
GAGITTTACT TTCCTCTAAT

CCACAGGTAC CTTGCTGAGT TTAAGACTGG AGCTGAGAGG AAAGAAGCTG

GGIGICCATG GAACGACTCA AATTCTGACC

CTGAGAGCAC TCTGGTTGCT TACAAGICAG
GACTCTCGTG AGACCAACGA ATGITCAGTC

GATTTAGCTC CTACTCATCC GATTAGACTG
CTAAATCGAG GATGAGTAGG CTAATCTGAC

TGICTTCTAC TACGAGATTC TCAACTCACC

TCGACTCTCC TTTCTTCGAC

CTCAGGATAT TGCACTTGCT
GAGICCTATA ACGTGAACGA

GGACTTGCTC TTAACTTCTC
CCTGAACGAG AATTGAAGAG

TGATCGTGCC TGCAGICTCG

ACAGAAGATG ATGCTCTAAG AGITGAGIGG ACTAGCACGG ACGTCAGAGC

CAAAACAGEC TTTTGATGAG GCCATTTCTG AGCTGGATAC ATTAGGAGAA

GITTTGICCG AAAACTACTC CGGTAAAGAC

GAATCATACA AAGACAGTAC GITGATAATG
CTTAGTATGI TTCTGTCATG CAACTATTAC

GACCCTTTGG AACTCTGACA TCAATGATGA
CTGGGAAACC TTGAGACTGT AGITACTACT

AGGAGECGTC AAAACATGAG CCGGAAGAGG
TCCTCCGCAG TTTTGITACTC GECCTTCTCC

CAGTCTAGAA TGGTCGAGCAA GECECGACGAG
GICAGATCTT ACCACTCGIT CccceCTccic

CATCCTGGTC GAGCTGGACN GCGACGTAAA
GIAGGACCAG CTCGACCTGN CGCTGCATTT

TCGACCTATG TAATCCTCTT

CAACTTCTCC GIGACAATCT
GITGAAGAGG CACTGTTAGA

GGECGEECEET GATGAGATCA
CCGCCCGCCA CTACTCTAGT

GGAAACCAGC TGAGACAGEG
CCTTTGGICG ACTCTGTICCC

CTGITCACCG GGGTGGIaCC
GACAAGTIGEC CCCACCACGG

CGGCCACAAG TTCAGCGTGT
GCCEGTGITC AAGTCGCACA



121

Nu | sof orm

Sequence using a forward prinmer to the tail end of the 35S pronoter
(5’ CGCACAATCCCACTATCCTT3' ) :

CCAGACCCTTCCTCTATATAAGGAAGT TNATTTNATTTGGAGAGAACACGEECEGACTCTAGAACAATGT CG
TCTTCTCGGGAAGAGAAT GT GTACT TAGCCAAGT TAGCT GAGCAAGCTGAACGT TATGAGGAAATGGT TGA
GITCATGGAGAAAGT TGCAAAGACT GT TGACACCGAT GAGCT TACT GTCGAAGAGAGAAACCTCTTGICTG
TTGCTTACAAGAACGT CATTGGT GCTAGGAGAGCT TCCTGGAGGATCATATCT TCCATTGAACAGAAGGAA
GAAAGCAGAGGAAACGATGATCATGT TTCCAT TAT CAAGGACT ACAGAGGAAAGATCGAAACT GAACT CAG
CAAAATCTGTGATGGAATACTCAATCTTCTGGATTCTCACCT TGT TCCCACT GCATCTTTGGCCGAGT CCA
AAGTCTTTTACCTCAAAAT GAAAGGAGAT TACCACAGGTACCT TGCTGAGT TTAAGACT GGAGCT GAGAGG
AAAGAAGCT GCCTGAGAGCACTCTGGT TGCTTACAAGT CAGCTCAGGATAT TGCACTTGCTGATTTAGCTCC
TACTCATCCGATTAGACTGCGACTTGCTCTTAACT TCTCTGI CTTCTACTACGAGATTCTCAACTCACCTG
ATCGTGCCTGCAGT CTCNCAAAACAGCECT TTTGATGAGECCAT TTCTGAGCTGGATACATTAGGAGAAGAA
TCATACAAAGACAGTACGT TGATAATGCAACT TCTTCCGTGACAATCTGACCCT TTGGAACTCTGACATCA
ATGATNANGCGGGECCCENGATGANAT CAAAGGAGECGT CAAAANCAT TAACCCGNAAANNGGAAACCACCT
TAAACCAGGCACTTTANAATCT

Sequence using a reverse prinmer to the beginning of G-P
(5" CGGACACGCTGAACTTG3' ) :

GTTCGTTTCGT TTCGI CCGCT CGACCGGAT GCGECACCACCCCGGT GAACAGCTCCTCGCCCTTGCTCACCA
TTCTAGACTGCCCTGTCTCAGCTGGI TTCCCCTCTTCCGECTCATGT TTTGACGCCTCCTTGATCTCATCA
CCGCCCGCCTCATCATTGATGI CAGAGT TCCAAAGGGT CAGAT TGT CACGGAGAAGT TGCATTATCAACGT
ACTGTCTTTGTATGATTCTTCTCCTAATGTATCCAGCT CAGAAAT GGCCTCATCAAAAGCCTGI TTTGCGA
GACT GCAGGCACGATCAGGT GAGT TGAGAATCTCGTAGT AGAAGACAGAGAAGT TAAGAGCAAGT CCCAGT
CTAATCGGATGAGT AGGAGCT AAAT CAGCAAGT GCAATATCCTGAGCTGACT TGT AAGCAACCAGAGT GCT
CTCAGCAGCTTCTTTCCTCTCAGCTCCAGT CTTAAACT CANCAAGGTACCTGTGGTAATCTCCTTTCATTT
TGAGGTAAAAGACT TTGGACT CGECCAAAGAT GCAGT GGGAACAANGT GAGAATCCAGAAGAT TGAGTATT
CCATCACAGATTTTGCTGAGI TCCAGI TTCGATCTTTCCTCTTGINGT CCTTGATAATGGAAACATGATCA
TCGITTCCTCTGCTTTCCTTCCTTCTGI TCAAT GGAAGATAT GATCCT TNCAGGGANGCT CTCCTACACCA
ATGACCTTTCTTGT TAAGCNACACGACAAGANGGT TTCTCCTCT TCCNNCAGNAAGCNT CATCCGGTGT TN
ACAAGT TTTTTGCAACCT TNCTTCCNATGAACCT CAACNCATTACCNT CATAAACGT TCAANCTTGCECT
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CTAGAACAAT
GATCTTGITA

TACATGGECGA
ATGTACCGCT

ATTCATGGAG
TAAGTACCTC

AAGAACGTAA
TTCTTGCATT

CGIGCTTCGT
GCACGAAGCA

CGGTAACGAT
GCCATTGCTA

AAACGGAACT
TTTGCCTTGA

ATTCTCGITC
TAAGAGCAAG

GATGAAAGGT
CTACTTTCCA

AGAGGAAAGA
TCTCCTTTCT

GATATTCGCTA
CTATAACGAT

TGCGTTGAAC
ACGCAACTTG

GIGCTTGTAA
CACGAACATT

GATACTCTTG
CTATGAGAAC

TCTTCGTGAT
AGAAGCACTA

CTGATGACAT
GACTACTGTA

CAACAATCCT
GITGITAGEA

GGTGCCCATC
CCACGCEGTAG

122

Chi Isoform

GGECGACACCA GGAGCTTCCT CAGCAAGAGA
CCCCTGIGGT CCTCGAAGGA GTCGITCTCT

AACTCGCCGA ACAAGCAGAG CGITACGAAG
TTGAGCGECT TGITCGICTC GCAATGCTTC

AAAGTCGCGA AAGCTGITGA
TTTCAGCGCT TTCGACAACT

CAAAGACGAA
GITTCTGCTT

TCTCCTCTCC GITCGCTTACA
AGAGGAGAGG CAGCGAATGT

AAAACGT CAT
TTTTGCAGTA

GGAGAATCAT TTCATCGATC GAACAAAAGG
CCTCTTAGTA AAGTAGCTAG CTTGITTTCC

GACCACGITT CGITGATCCG TGACTACAGA
CTGGTGCAAA GCAACTAGEC ACTGATGICT

TTCTGATATC TGTGACGGAA
AAGACTATAG ACACTCCCTT

TCCTTAAGCT
AGGAATTCGA

CCGCTCCTGC TTCTGGAGAT
GGECGACGACG AAGACCTCTA

TCGAAGGTGT
AGCTTCCACA

GATTATCATA GGTACTTGEC TGAGITCAAA
CTAATAGTAT CCATGAACCG ACTCAAGITT

TGCTGCTGAA CATACTCTTA
ACGACGACTT GTATGAGAAT

CTGCTTACAA
GACGAATGTT

ATTCTGAATT GGCTCCAACG CATCCGATTC
TAAGACTTAA CCGAGGTTGC GITAGCCTAAG

TTCTCTGIGI TTTACTATGA
AAGAGACACA AAATGATACT

GATTCTCAAT
CTAAGAGITA

TCTCGCTAAG CAGGECGITTG ATGAAGCAAT
AGAGCGATTC GTCCGCAAAC TACTTCGITA

GIGAAGAGTC ATACAAGGAC AGTACTTTGA
CACTTCTCAG TATGITCCTG TCATGAAACT

AACCTCACTC TCTGEECTTC TGATATGCAG
TTGGAGTGAG AGACCCGAAG ACTATACGTC

CAAAGAAGCA GCACCAGCAG CAGCAAAACC
GITTCTTCGI CGIGGTCGIC GICGITTTGG

CTAGAATGGT GAGCAAGGEC GAGGAGCTGT
GATCTTACCA CTCGITCCCG CTCCTCGACA

CTGGTCGAGC TGGACNGCGA CGTAAACGEC
GACCAGCTCG ACCTGNCECT GCATTTGCCG

TGAATTCGTA
ACTTAAGCAT

AAATGGITGA
TTTACCAACT

CTCACCGTCG
GAGIGECAGC

CGGAGCTCGT
GCCTCGAGCA

AGGAGTCTCG
TCCTCAGAGC

AGCAAAATCG
TCGITTTAGC

TCTCGATACG
AGAGCTATCGC

TTTATCTGAA
AAATAGACTT

TCTGGTCAAG
AGACCAGITC

AGCTGCTCAG
TCGACGAGIC

GICTTGGICT
CAGAACCAGA

TCTCCAGATC
AGAGGTCTAG

TCCTGAATTG
ACGACTTAAC

TTATGCAGCT
AATACGTCGA

GACGATGT TG
CTGCTACAAC

CGCTGACGAG
GCGACTGCTC

TCACCGEEGT
AGTGGECCCCA

CACAAGITCA
GIGITCAAGT
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Chi Isoform

Sequence using a forward prinmer to the tail end of the 35S pronoter
(5’ CGCACAATCCCACTATCCTT3' ) :

AGGNNNAGGEEANTTTTNTTTTTANACTTTTCTTATAAGGAAGT TATTTCTTTGGAGAGAACACGGEEGEGAC
TCTAGAACAAT GGCGACACCAGGAGCT TCCTCAGCAAGACAT GAAT TCGTATACAT GGCGAAACT CGCCGA
ACAAGCAGAGCGT TACGAAGACAT GGT TGAAT TCAT GGAGAGAGT CGCGAAAGCT GT TGACAAAGACGAAC
TCACCGTCGAAGAACGT AATCT CCT CT CCGT CGCATCCAAAAACGT CATCCGAGCTCGTCGTGCTTCGT GG
AGAATCATTTCATCGAT CGAACAAAAGGAGGAGT CTCGCGGT AACGATGACCACGT TTCGT TGATCCGT GA
CCACAGAAGCAAAATCGAAACGGAACT TTCTGATATCTGTGACGGAATCCTTAAGCTTCTCGATACGATTC
TCGI TCCCGCTGCTGCTTCTGGAGATTCGAAGGT GT TTTATCTGAAGATGAAAGGTGATTATCATAGGTAC
TTCCCTGAGI TCAAATCTGGTCAAGAGAGGAAAGAT GT TGCTGAACATACT CTTACTGCTTACAAAGCTGC
TCAGGATATTGCTAATTCTGAAT TGECTCCAACGCCATCCGATTCGTCTTGGTCTTGCGT TGAACTTCTCTG
TGITTTACTATGAGATTCTCAATTCTCCAGATCGT GCTTGTAAT CTCGCTAANCAGGCGT TTGATGAAGCA
ATTGCTGAATTGGATACT CT TGENGAAGAGT CATACAAGGACAGCACT TTTATTNTGCANCTTCTTCGTGA
TAANCCTNACTCTNT TGGACT TTNTGATATTGCANGACNATGT TGCTGAT GACATCNAANAANCCNCCCCA
ACANCNGNCAAACCCNCT TGCCNAACNACAATTCTCTTNAAT

Sequence using a reverse prinmer to the beginning of G-P
(5" CGGACACGCTGAACTTG3' ) :

GCNATTTGCCTCCNT TCGACCGCGAT GGGCACCACCCCGGT GAACAGCT CCTCGCCCTTGCTCACCATTCTA
GAGGATTGT TGCTCGTCAGCGEGT TTTGCTGCTGI TGGTGCTGCT TCTTTGATGI CATCAGCAACATCGTC
CTGCATATCAGAAGT CCAGAGAGT GAGGT TATCACGAAGAAGCT GCATAATAAAGTACTGTCCTTGTATGA
CTCTTCACCAAGAGTATCCAAT TCAGCAAT TGCT TCAT CAAACGCCT GCT TAGCGAGAT TACAAGCACGAT
CTGGAGAATTGAGAATCTCATAGT AAAACACAGAGAAGT TCAACGCAAGACCAAGACGAATCGGATGCGTI T
GGAGCCAATTCAGAAT TAGCAATAT CCTGAGCAGCT TTGTAAGCAGT AAGAGTATGT TCAGCAACATCTTT
CCTCTCTTGACCAGATTTGAACTCACGCGAANTACCTATGATAATCACCT TTCATCTTCAAGATAAAACAC
CTTCGAAT CTCCAGAAGCAGCAACNGGEGAACGAGAAT CCGTNT CCGAGAANCT TAANGAT TCCGT CACAGA
ATATCAAGAANAGT TNCGGT TNCGAATNT TGCT TCTGT GEGT CNACCNGAT TCAACCGAAAACGT GGTCAT
ACNNTNCCGCNNAGACT CCCCCNTTTTTGI TCGAAT CCNNCT GAAANT GGAT TCCTCCTCCGAAANCT CCG
ACTAAGCNTCCACATTNANCNTTCCT TTNTGNTCGCCCACT TCGAANNNNGCAATNTCTCTCGCTCTTCAN
NNTCTCTACTGTACNCNCTNTACACGCTACNT TCGNGCNCACCNCCNNCT TCTATCNTAACGT GCCCTCAC
CTANCTCNCNTNGNGACT TCNNNCTACTNTCACTTATACCTNTANNNCATNANNACCACCCNCT TCNCGGN
CNNNTNCNNT TACCCGNCGNNNGGCT TNCTNNNNCTNTNCCTCCTCT
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AGACCCTTCC TCTATATAAG GAAGITCATT
TCTGGGAAGG AGATATATTC CTTCAAGTAA

GGACTCTAGA
CCTGAGATCT

TAGCCGAACA
ATCGECTTGT

GITGCGAAAA
CAACCCTTTT

TCTCTCTGIT
AGAGAGACAA

ACAATGICGA
TGITACAGCT

AGCTGAACGT
TCGACTTGCA

CTGITGATGT
GACAACTACA

GCTTACAAGA
CGAATGITCT

CAAGGGAAGA
GITCCCTTCT

TACGAAGAAA
ATGCTTCTTT

TGAGGAACTT
ACTCCTTGAA

| sof orm

TCATTTGGAG AGAACACGEG

AGTAAACCTC

TCTTGTGCCC

GAATGITTAC ATGGCGAAAT
CTTACAAATG TACCGCTTTA

TGGTTGAATT
ACCAACTTAA

CATGGAGAAA
GITACCTCTTT

TCAGTTGAAG AGAGGAATCT

AGTCAACTTC

TCTCCTTAGA

ACGTGATTGG AGCGAGAAGA CGCTTCGTGEA

TGCACTAACC

TCCCTCTTCT

CGAAGCACCT

GAATCATTTC TTCGATTGAG CAGAAAGAAG AGAGCAAAGG GAACGAAGAT
CTTAGTAAAG AAGCTAACTC GICTTTCTTC TCTCGITTCC

CATGITGCTA
GTACAACGAT

CAAAATCTGT
GITTTAGACA

CTGCTTCACC
GACGAAGTGG

TATCATAGGT
ATAGTATCCA

TTATCAAGGA
AATAGTTCCT

GATGCGATTT
CTACCCTAAA

AGCTGAATCT
TCGACTTAGA

ATCTTGCTGA
TAGAACGACT

TTACAGAGEA
AATGTCTCCT

TGAATGITCT
ACTTACAAGA

AAAGTGITTT
TTTCACAAAA

GITTAAGGECT
CAAATTCCGA

GAGATTGAAT
CTCTAACTTA

TGAAGCTCAT
ACTTCGAGTA

ATCTTAAGAT
TAGAATTCTA

GGIGCTGAAA
CCACGACTTT

CTTCGCTTCTA

CCGACCTTAG
GGECTCGAATC

CTTATTCCTT
GAATAAGGAA

GAAGGGTGAT
CTTCCCACTA

GGAAAGAAGC
CCTTTCTTCG

TGCTGAAAGC ACTTTGGITG CTTACAAGTC TGCTTCCGAC ATTGCCACTG
ACGACTTTCG TGAAACCAAC GAATGITCAG ACGAAGECTG TAACGGTGAC

CTGAGITAGC TCCTACTCAC CCGATAAGEC TTGGICTTGC ACTCAACTTC
GACTCAATCG AGGATGAGIG GGCTATTCCG AACCAGAACG TGAGTTGAAG

TCTGIGITTT
AGACACAAAA

ACTATGAAAT
TGATACTTTA

CCTCAACTCG CCTGATCGIG CTTGCAGCCT
GGAGITGAGC GGACTAGCAC GAACGTCGGA

CGCAAAGCAG GCGTITTGATG ATGCAATCGC TGAGITAGAT ACATTGEGTG
GCGITTCGTC CGCAAACTAC TACGITAGCG ACTCAATCTA TGITAACCCAC

AGGAATCATA
TCCTTAGTAT

CTCACTCTCT
GAGTGAGAGA

GGAGGCATCA
CCTCCGTAGT

CAAGGACAGT
GITCCTGICA

GGACTTCAGA
CCTGAAGTCT

ACACTGATTA TGCAGCTTCT TAGAGACAAT
TGTGACTAAT ACGTCGAAGA ATCTCTGITA

TATGACTGAC GAAGCAGGAG ATGAGATTAA
ATACTGACTG CTTCGICCTC TACTCTAATT

AAGCCCGATG GTGCCGAGTC TAGA
TTCGGEGECTAC CACGECTCAG ATCT
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Psi | soform

Sequence using a forward prinmer to the tail end of the 35S pronoter
(5’ CGCACAATCCCACTATCCTT3' ) :

CAGGACCTTTCCTCTTATAAGGAAGT TCATTTNATTTGGAGAGAACACGGEEEGACTCTAGAACAATGT CGA
CAAGGGAAGAGAATGT TTACAT GGCGAAAT TAGCCGAACAAGCT GAACGT TACGAAGAAATGGT TGAATTC
ATCGGAGAAAGT TGCGAAAACTGT TGATGT TGAGGAACT TTCAGT TGAAGAGAGGAATCTTCTCTCTGITGC
TTACAAGAACGT GAT TGGAGCGAGAAGAGCT TCGT GGAGAATCAT TTCT TCGAT TGAGCAGAAAGAAGAGA
GCAAAGGGAACGAAGATCATGT TGCTATTATCAAGGAT TACAGAGGAAAGAT TGAATCCGAGCT TAGCAAA
ATCTGTGATGGGATTTTGAATGI TCTTGAAGCTCATCTTATTCCT TCTGCTTCACCAGCTGAATCTAAAGT
GITTTATCTTAAGATGAAGGGTGATTATCATAGGTATCTTGCTGAGT TTAAGGCTGGT GCTGAAATGAAAA
AGCTGCTGAAAGCACTTTGGT TGCT TACAAGT CTGCT TCCGACAT TGCCACTGCTGAGT TAGCTCCTACTC
ACCCGATAAGCCTTGGTCTTGCACTCAACTTCTCTGTGI TTTACTATGAAATCCTCAACTCGCCTGATCGT
GCTTGCAGCCTCNCAAAGCAGCECGT TTGATGATGCAATCGCNTGAGT TAGATACATTTGEGT GAGGGAATC
ATTACAAGGECCAGINCACTGATTTATTCNACNT TCT TAGAGACAATCCTCNCTCTCTTGGACTTTCNGAA
TATGACTGACCAAANCNNGGAGAT TGAGATAAAGGAGGCAT CANAGCCCCGATGGTGCCNANT CTATAATG
GGTGAGCNCGGEECCAANGAGCT GTNCNCCNGGGEGTNGT CT

Sequence using a reverse prinmer to the beginning of GFP
(5" CCGACACGCTGAACTTR' ) :

NGT CGT TNACGT CGCCGT CCAGCT CGACCAGGAT GGECACCACCCCGGT GAACAGCTCCTCGECCCTTGCTC
ACCATTCTAGACTCGECACCATCGEECT TTGATGCCTCCTTTATCTCATCTCCTGCTTCGT CAGTCATATC
TGAAGT CCAGAGAGT GAGAT TGTCTCTAAGAAGCT GCATAATCAGTGTACTGTCCTTGTATGATTCCTCAC
CCAATGTATCTAACTCAGCGAT TGCATCATCAAACGCCTGCT TTGCGAGGECT GCCAAGCACGAT CAGECGAG
TTGAGGATTTCATAGTAAAACACAGAGAAGT TGAGT GCAAGACCAAGCCT TATCGGEGT GAGTAGGAGCTAA
CTCAGCAGT GGCAATGT CGGAAGCAGACT TGTAAGCAACCAAAGT GCTTTCAGCAGCTTTTTCATTTCAGC
ACCAGCCTTAAACT CAGCAAGATACCTATGATAATCACCCT TCATCTTAAGATAAAACACT TTAGATTCAG
CTGGTGAAGCAGAAGGAATAAGATGAGCT TCAAGAACAT TCAAAAT CCCATCACAGAT TTTGCTAAGCTCG
GATTCAATCTTTCCTCTGTAATCCT TGATAATAGCAACATGATCTTCGT TCCCTTTGCTCTCTTCTTTCTG
CTCAATCGAAGAAATGATTCTCCACGAAGCTCT TCTCGCTCCAATCACGT TCTTGTAAGCAACAGAGAGAA
GATTCCTCTCTTCAACTGAAAGT TCCTCACATCAACAGT TTTCGCAACTTTCTCCTGAATTCAACCATTTC
TTCGTAACGNT CAGCCTTGCTCGECTAATTTCGCCCTGTCAAACATTCN
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