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ABSTRACT
Gray, Kaleigh. M.Sc. The University of Manitoba, October 2008. Characterization of
Barley ABAP1 inArabidopsis thaliana. M.Sc. Supervisor; Dr. Robert Hill
Hormone receptors have an important physiological role as they function in

almost every aspect

of plant development. Today there is

intensive focus on

understanding phltohormone pathways. For some hormones such as abscisic acid

(ABA), very few hormone receptors have been charucterized. This is likely because of
their low abundance relative to other plant proteins, their sensitivity and their association

with insoluble cell components. ABA plays an important role in physiological processes
such as maintaining seed dormancy, and the expression of genes encoding for enzymes

involved in seed storage mobilization as well as in flowering time and plant

stress

response.

Barley aleurone abscisic acid-binding protein (ABAPI) was suspected to be an

ABA receptor purified and characterized in 2003. Based on tentative evidence that
Barley ABAP1 causes effects on barley seed germination, work was done to
phenotypically characterize the ectopic expression of barley ABAPl in the dicot species
Arabidopsis thaliana.
Arabidopsis plants were transformed with the barley

Gateway System

to

prepare vectors and Floral

ABAPI gene using

Dip Method for

the

transformation.

Transformed plants were observed for possible ABAPI effects on seed dormancy, plant

height, silique number, time to bolting and response to

ABA. It was determined that

ABAPI is lost over corlsecutive plant generations and that the gene is not readily
accepted into Arabidopsis plants.

IX

l.O INTRODUCTION
1.1

Introduction

A plant hormone receptor can be considered to be a molecular component of

a

cell that can recognize and bind to specific hormone molecules. Once the hormone has

bound to the receptor, initiation

of a signal transduction pathway

occurs, causing

reactions that produce secondary messengers and then induction and the activation of
cellular responses (Bowler and Chua, 1994). Only a few plant hormone receptors have
been discovered (Kim, 2007).

A barley

gene ABAP1 had been identified as a putative

hormone binding protein. It had some possible characteristics of a receptor, such as high

binding affinity with the plant hormone abscisic acid (ABA) that demonstrated pH
dependence. The binding reaction was thought to be reversible, follow saturation kinetics
and to have stereospecific requirements with respect to the hormone (Razem, et a|.2004).

The potential ABA binding protein was suspected to be involved
embryo germination and

to have an effect on dormancy at harvest in

in barley

cereals (El-

Kereamy, et al.unptblished data). These findings were compatible with evidence of the

role of ABA in maintaining seed dormancy and inhibiting resource mobilization during
seed germination (Debeaujon and Koornneef,

2000). Barley ABAPl was transformed

into Arabidopsis thaliana plants using a 35S CaMV promoter to achieve constitutive
expression

of the purported gene. It was hypothesized that the over-expressing l.

thaliana plants would have seed with a higher sensitivity to ABA and therefore possibly

exhibit increased seed dormancy phenotypes. ABA also plays a lole

in regulating

stomatal aperture under certain environmental conditions, responding to plant stress and a

2

possible role in controlling flowering time (Finkelstein and Gibson,2002;uRazem, et al.
2006).

The main objectives of this work were to study possible phenotypes resulting
from ectopic expression of barley ABAPI inA. thaliana and to further characterize the
ABAP1 gene.

The goals of this study were to:

1.

Obtain homozygous transformed A. thaliana plants over-expressing barley

ABAP1;

2.

Observe possible effects of barley
seeds

3.

ABAPl over-expression in A. thaliana

with regard to seed dormancy and stratification requirements;

Observe possible effects of barley

ABAPl over-expression in A. thaliana

with regard to plant growth characteristics and flowering time;

4.

Observe possible effects

of

barley ABAP1 over-expression on plant

sensitivity to ABA in the transformed A. thalictna germinating seeds.

This research was initiated to provide further understanding of the function and
perception of the plant growth hormone ABA, and its affects on seed gennination and
dormancy physiological mechanisms. The approach was based on the assumption that

ABAPl

had a possible function as an

ABA receptor. Having an increased understanding

of the control of seed dormancy may be of benefit to plant breeders and growers in order
to obtain seed with a more predictable and uniform germinatiorr pattern.

2.0 LITERATURE REVIEW
2.1 Abscisic Acid: Function and Perception

Abscisic acid (ABA) is one of six important plant growth hormones.

It is a 15

Carbon sesquiterpenoid hormone (Figure 2.1) that is found in every living plant tissue

and is synthesized in chloroplasts from a carotenoid intermediate (Seo and Koshiba,

2002). ABA regulates the expression of genes and transcription factors related to plant
stress response and plays a role

in many other physiological processes such as seed

dormancy (T aiz and Zeiger, 2002).

Figure 2-1. Natural (+)-ABA, 15 C Sesquiterpenoid molecule (Hill, et al. 1995).

Hormones such as ABA act by thernselves and with other hormones to regulate

plant growth mechanisms and promote plant survival and propagation (Finkelstein and
Gibson, 2002). Examples include the promotion of leaf senescence and leaf abscission
through interactions with ethylene (Taiz and Zeiger,2002), stress responses to changes in

water, salinity and ternperature (Shinozaki and Yamaguchi-Shinozaki, 1991), stomatal
closure (Curnmins, et

al.

1971), defense responses, seed embryo development, seed

dormancy and gemrination (Bewley,

1

997).
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The role of ABA

in

stomatal regulation has been very well characterized

(Shinozaki and Yamaguchi-Shinozaki,1997). ABA promotes changes in guard cell Ca*2
and pH resulting in alterations in guard cell osmotic potential leading to stomatal closure.

Over time, under stressed conditions, accumulation of ABA causes an increase of stress
tolerance genes (Shinozaki and Yamaguchi-Shinozaki,7997). ABA also plays a role in

the control of root and shoot growth when water potential is decreased. Endogenous

ABA promotes root and shoot growth in well watered plants by suppressing ethylene
production (Spollen, et al. 2000). The role of ABA in seed dormancy and germination
has also been

well characterized (Bewley,1997).

2.2 ABAz Seed Dormancy
Seed dormancy is

process (Chao, 2002).

difficult to study because of the many factors that influence the

A

seed

is said to be dormant when it will not germinate under

environmental conditions where it would normally be expected to germinate. A seed will

not germinate until both external and internal environmental conditions are rnet. This
includes temperature, oxygen, water levels and tlie removal

of germination inhibitors

such as ABA (Hilhorst and Karssen, 1992; Taiz and Zeiger,2002). According to Bewley

(1997), "Dormancy is an adaptive trait that optimizes the distribution of germination over

time in a population of seeds". Arabidopsis seeds can exhibit primary seed dormancy
that is initiated during development. The establishment of this type of dormancy depends
on the genetic makeup of the parent and embryo as well as the envirorunental conditions

dnring seed maturation (Bethke, et al.2004). Secondary domrancy occurs when

seeds

that are ah'eady released from a parent plant become donnant due to envilonmental

5

conditions. Different classifications

for

dormancy include both coat and embryo

dormancy (Bewley, 1997).
Coat imposed dormancy can be caused by the prevention of water uptake to the

embryo, an interference with gas exchange between the interior and exterior of the seed,
mechanical constraint, a retention of germination inhibitors or the production of growth

inhibitors such as ABA. This type of dormancy can be broken by isolating the embryo or
removing or damaging the seed coat or surrounding tissue (Taiz and Zeiger,2002). The
germination-promoting growth hormone gibberellin (GA) can overcome the constraints

imposed

by the

seed coat and ABA-related embryo dormancy (Debeaujon

and

Koornneef, 2000).
Embryo dormancy can occur due to the presence of germination inhibitors within

the embryo. Conditions creating high ABA levels and low GA levels are a prime
example of this situation (Bentsink and Koornneef, 2002). Potential functions for ABA

in

seed dormancy include both a regulatory role during the onset

maintenance

of dormancy,

and

of the dormant state through the prevention of germination and vivipary

(Bewley, 1997; Finkelstein, et a|.2002; Gubler, et a|.2005). Embryo dormancy can be
broken by specific seed treatments. After-ripening is one mechanism by which dormancy

is broken in the natural environment. This generally involves a period of time, after the
seed is ripened, at temperatures above the freezing

point. Some dormant seeds require

time at temperatures alound freezing while seeds are imbibed, a process known

as

stratification, while some require specific light and photoperiods (Taiz andZeiger,2002).

Liglit has been shown to cause an increase in GA synthesis and a decrease in ABA
syntliesis (Toyomau, et al. 1998). Arabidopsis seed dormancy can be lost with after-
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ripening and/or cold treatments. The ecotype Columbia (Col-0) generally requires a three
day stratification period at

4"C.

Stratification also ensures a more uniform germination

rate (Bhatia and Smith, i968).

2.3 ABA, GA and Reserve Mobilization in Aleurone Tissues

The control of reserve mobilization in aleurone tissues has been well studied
(Lovegrove and Hooley, 2000). In cereal aleurone layers, ABA inhibits the synthesis of

hydrolytic enzymes that are required for the breakdown of storage reserves in

ABA action

seeds.

can be antagonizedby GA (Ho and Varner,1976), ethylene (Beaudoin, et al.

2000), and brassinosteroids (Steven, 1996).

GA-stimulated aleurone layers produce hydrolytic enzymes that break down
stored resources in the endosperm during germination (Chrispeels and Vatnet, 1967).

ABA has been shown to antagonize the effects of GA (Ho and Varner, 1976). The
expression of responsive o,-amylase genes are caused by the induction and the synthesis

of the transcription factor GAMYB. GAMYB binds to an element within GA response
elements (GAREs) of the promoter region of o-amylase (Gubler, et al. 1995; Lovegrove
and Hooley, 2000). There is a zinc-finger protein (HRT) that also binds to GARE and
can repress the GA-induced expression of u,-amylase (Raventos, et

al. 1998). GARE

is

considered to play a central role in GA and ABA regulation of gene expression because

the response element confers the GA responsive expression that is overcome by ABA
(Skriver, et al. 1991; Lovegrove and Hooley, 2000).
G-protein, phospliolipases, protein kinases and protein phosphatases are all a part

of early ABA signaling (Rock, 2000; Assmann, 2002; Yang, 2002). ABA inhibits

the

7

transcription of o-amylase mRNA and plays a role

in

suppressing GA-induced gene

expression, possibly via the protein kinase PKABA1 (Figure

2.2). ABA treatment of

barley aleurone has been shown to induce the expression of PKABAl (Gomez-Cadenas,
et al. 1999) and

PKABAl over-expression strongly inhibits GA induction of a-amylase,

probably by the repression of GA-induced GAMYB (Gomez-Cadenas, et al. 1999).
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Figure 2-2. PKABAI negatively regulates GA induced gene expression. A potential
GA receptor (oval with vertical stripes) responds to the presence of GA by inducing the
expression of both o,-amylases and cysteine proteinases. PKABA1 over-expression
suppresses o-amylases by inhibiting the effects of GA response. ABA induction of
PKABA1 might be mediated by ABA receptors (circle with horizontal stripes and no
stripes) (Lovegrove and Hooley, 2000).

GA increases in cr-amylase are preceded by increases in the levels of cGMP
(Penson, et

al. 1996). Inhibition of guanylyl cyclase LY 83583 reduces the increase in

cGMP and also tlie induction of o-amylase and GAMYB rnRNAs. LY plays a role in
preventing DNA degradation and cell death (Bethke, er al.1999).
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Addition of GA to aleurone tissues causes an increase in cytosoclic calcium levels
and calmodulin (Gilroy and Jones, 1992). In barley, ABA prevents the GA-stimulated
increase

in

Ca*z and calmodulin (Wang, et

al.l991). Also, in the absence of GA, ABA

has been shown to stimulate a decrease in cytosolic calcium levels which is thought to be

caused

by the activation of plasma

membrane Ca*2 ATPase. Both calcium and

calmodulin are required for the secretion of hydrolase enzymes. Calcium also stimulates
secretory vesicle fusion possibly via the monomeric G-protein (Wang, et al.

ABA signaling

processes

in seeds (Wang, et al.

l99l).

2001) and early GA signal

transduction in aleurone tissues (Jones, et al. 1998) involve specif,rc components of the
heterotrimeric G-Protein complex. The Go part of the G-protein complex is related to

GA signaling. Go mutants show moderate ABA hypersensitivity in seed germination
(Ullalr, et al. 2002). It has also been shown that G-protein antagonists can block GA
action (Lovegrove and Hooley, 2000). There is a positive coupling between a G-protein

coupling receptor (GCRI) and the G-protein subunits

in ABA regulation of

seed

germination (Pandey and Assmarn, 2004).
The Arabidopsis putative G plotein-coupled receptor GCR1 interacts with the G
protein o, subunint GPAI and regulates abscisic acid signaling. Ligand signaling occurs

via G protein-coupled receptors (GPCRs). GPCR

associates

with heterotrimeric

G

ploteins composed of o, B and y sub-units. As it turns otrt, gcrl-3 and gcrl-4 mutants
were examined for ABA response. The mutants were more sensitive to ABA then wild-

type controls when examining root growth. The mutants also had higher expression of

ABA, stress related genes and increased drought tolerance as well as stronger ABAindtrced guard cell phenotypes (Pandey and Assmann, 2004).
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The role of GA in mobilization of starch degrading enzymes has not been shown

in A. thaliana which has, in comparison to the three layers of barley aleurone, a single
aleurone layer (Bentsink and Koornneef, 2002). This may be because A. thaliana is an

oil

seed and has lower starch

content. The aleurone characteristics between barley

and A.

thaliana have been shown to be similar; however, the seed coat is responsible for
dormancy in A. thaliana (Bethke, et

al.

2007).

Arabidopsis plants, ecotype Col-O possess coat-enhanced dormancy. This occurs
when the mechanical restraint from the testa, as well as endosperm dormancy are greater
than the germination potential of the embryo (Finch-Savage and Leubner-Metzger,2006).

Considering that the control of dormancy in A. thaliana is thought to result from the
antagonistic effect of ABA and GA on germination (Lovegrove and Hooley, 2000) it
holds true that genes which are expressed at high levels in dormant states can be linked to

high ABA and low GA endogenous concentrations, and that the reverse is seen in afterripened states (Cadman, er a|.2006). The GA requirement for A. thaliana germination is
determined by testa characteristics, embryonic growth potential and embryonic sensitivity

to ABA (Finch-Savage and Leubner-M etzgeÍ, 2006).

Different Arabidopsis lines demonstrate variable levels of dormancy. Ecotype
Col-0 demonstrates a level of dormancy that is lost after approximately one month of
after-ripening (Bentsink and Koomneef, 2002). Developing seeds rarely germinate, and
when precocious germination does occur, it is frequently associated with deficiencies in

ABA synthesis or sensitivity (Bewley, 1997).
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2.4 Genes Involved in Arabidopsis and Cereal Seed Germination

Arabidopsis seeds have

two

sources

development, matemal ABA, and embryonic

of

ABA.

endogenous

ABA during seed

Seed development goes through a

termination of cell division and then the enlargement of cells occurs as storage reserves
are accumulated. There are two

ABA peaks, the f,rrst one is maternally derived and occurs

after maturation (Karssen, et al. 1983). The second is caused by ABA derived from the
embryo and is believed to be the cause of dormancy induction (Karssen, et

al.

1983).

According to Finkelstein and Gibson (2002), genes that are involved include ABII,
ABI2, ABI3 and ERAI (See Figure 2.3).

ABII

and ABI2 are thought to have important roles in ABA-dependent signal

transduction pathways during water stress. Four different transcription factors have been
suggested

to function in the regulation of dehydration-inducible genes; two are ABA

responsive. ABI4 and ABI5 are two loci that have been identified that are involved in

ABA response. Mutant phenotypes with symptoms of withering

and the absence

of

seed

dormancy in Arabidopsis show lower levels of endogenous ABA in developing seeds and

fruits than wild type plants (Karssen, et al. 1983). Mutations in an Eral gene cause an
increase

in sensitivity to ABA. The Eral gene encodes the beta subunit of a farnesyl

transferase. The eral mutants suggest that a negative regulator of ABA sensitivity may
require farnesylation to function (Cutler, et al. 1996).

l1
Må l¿Ìratisnlde çiecali en

6*rn{nrtìcur inhibition

Figure 2-3. Genes involved in dormancy regulation. Abscisic acid promotes both
dormancy as well as LEA protein synthesis which contribute to desiccation tolerance and
germination inhibition in seeds. ABI1, ABI2 and ERA 1 genes are involved with the
inhibition of ABA and therefore can be considered genes that help promote seed
germination. ABI3/VPl, ABI4 and ABI5 act to promote the ABA induced LEA
synthesis and promotion of dotmancy. The LECl and FUS3 genes are more involved
with LEA synthesis (Finkelstein, 2002).

ABI3 is a seed-specific transcriptional activator and has been identihed as a
homolog of the maize VP1 gene (Giraudat, et al. 7992). Mutations produce seed-specific

ABA-insensitivity resulting in vivipary (Robichaud and Wong, 1980). Levels of VP1
expression corelate to the degree of dormancy in different wheat cultivars Qllakarnura
and Toyama,200l).

VPI

seems

to act downstream of ABA and GA in controlling the

transition between seed maturation and germination (White, et al. 2000). Before seed
maturity, VPI inhibits the expression of GA-induced genes (Hoecker, et al. 1995). The
maize transcliptional activator VP1 can repress the GA induction of the a,-Amylasel
promoter (Hoecker, et a|.1995).

As shown in table 2.7, many loss or gain of sensitivity to ABA at germination
mutants have been described (Koorneef, er
1996). Arabidopsis mutants with

al.

1984; Finkelstein, 1994; Cutler, et al.

ABA insensitivity have shown decreased levels of
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dormancy as depicted by a lower light and cold requirement before germination (Karssen,
et al. 7983). abí1, abi2 and abi3 are ABA-insensitive mutants that demonstrate reduced
seed dormancy and germinate

in the presence of 10¡rM ABA which normally inhibits

wild type seeds (Finkelstein, 1994). The mutants are partially insensitive to ABA during
mid-embryogenesis when dormancy is established (Karssen, et a|.1983).

abi4 and abi5

are

two mutants that confer ABA insensitivity that identify two new

loci, required for ABA response in seeds. They are similar to weak abi3 alleles in terms
of phenotype suggesting that ABI4, ABI5 and ABI3 genes may act in the same pathway
(Finkelstein,1994). Mutations abi (I-1, 2-1, 3,4,5) are detected in a screen by resistance

to germination (Finkelstein, 2002). Most defective testa mutants also have

decreased

dormancy (Debeaujon, et a|.2000).

Table 2-1. ABA insensitive and loss of function mutants. Arabidopsis mutants that
show phenotypes involving seed dormancy, germination and decreased ABA sensitivity
(Finkelstein,2002).
Mutation

abil -l

Selection/Screen
ABA-resistant to

Phenotype

Reference

Non-dormant seed

Koorneef, et al. 1984

germination

abi2-l

Non-dormant seed
Defect in seed
maturation
Germination
Germination
Male sterile

abi3

abi4

ctrl

Enhanced ABA
resistance ofabil-l

Reduced dormancv

Finkelstein. 1994
Finkelstein. 1994
Finkelstein, 2002
Kieben, et al. 1993

vpl

Viviparous

ABA Defìcient

Robertson, I 955; Neill,

abi5
abiS

et

vo2

-

vo14

rea

Defective Germiantion

eral

Enhanced respouse to
ABA at germination

al. 1986

ABA Deficient

Robertson, I 955

ABA-resistant
germination and

Sturaro, et al.1996

occasional vivioarv

Cutler, et al. 1996

t3
Sucrose also plays a role
sugar can overcome exogenous

ABA (Garciarrubio,

et

in seed dormancy. Low concentrations (30-90 mM) of

ABA inhibition of radicle

emergence even up

to 100 pM

al.1997).

Along with sucrose effects, seed stratification has been shown to have an effect on
seed sensitivity to

ABA.

Non-stratified seeds have a higher sensitivity to ABA than

stratified seeds. This is the case for dormancy induced by embryonic ABA as well as

affects on seed development and germination caused

by externally applied ABA

(Leubner-M elzget, 200 3 ).
Because

abi mutants exhibit defects in both stomatal and seed characteristics

(Taiz and Zeiger,2002) and because the signal transduction pathways involving ABA
response are so complicated (Figure 2.4),

it seems

possible that ABA receptors might

exist that are functional in different pathways.
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Figure 2-4. Genes involved in ABA induced seed dormancy. The antagonistic effects
of ABA on GA control u,-amylase expression and seedling growth. Transcription factors
ABI5 and VPl are required for ABA induction of LEA proteins (HVAI). SLN is a
repressor and GAMyb is an activator playing roles to induce seedling growth and
gernrination. PKABA1 plays a role in blocking GAMyb expression (Ho, eÍ a\.2003).
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2.5 Hormone Binding Proteins and Possible Receptors?

Hormones and their effects on plant phenotype involve complicated signal
transduction pathways (Bowler and Chua, 1994).

A

signal transduction cascade can be

initiated by the interaction of a hormone with its receptor triggering a series of events
eventually leading to a cellular response. There is thought to be two types of response in
the ABA hotmone signal transduction pathways. ABA response to drought and stomatal
closure are considered to be a fast response that occurs within minutes causing changes in
the activity of signaling molecules and ion channels. When ABA causes changes in gene
expression, this is considered to be a slow response (Finkelshein, et a|.2002).
Hormone receptors are generally proteins on the surface of a cell or in the interior
that bind to specific hormones. There are six classes of hormones that are key regulators

of plant development and for which hormone receptors have been identified (Taiz and
Zeiger,2002), including receptors for ethylene (Bleecker, 1999), cytokinins Q.Japier and
David, 2002) and an auxin binding protein (Heyl and Schmulling, 2003).

It is believed that ABA has multiple

sites of hormone perception in and out

of

plant cells with different stereochemical requirements for ABA response (Taiz and
Zeiger,2002). There is evidence for multiple ABA receptors based on observations that

ABA

seems to act at both the plasma membrane (Schwartz, et

al.

1994; Anderson, et al.

1994) and the cytoplasm of cells (Gilroy and Jones, 1994; Ritchie and Gilroy, 1998). In
seed aleurone tissues,

GA is thought to be perceived at the aleurone plasma membrane

(Gilroy and Jones, 1994).

For example, externally applied ABA to aleurone tissues has been found to
repress GA-induced a,-arnylase expression. The late-emblyogenesis-abundant gene, Em,
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is

expressed when

Endogenous

ABA is microinjected inside the cell (Gilroy and Jones, 1994).

ABA is required for the induction of dormancy and also, germination of

mature A. thaliana seed can be suppressed by exogenous

Even though the traditional view
perception by a receptor,

of

ABA (Gilroy and Jones, 1994).

hormone response involves hormone

it is possible that ABA may not require a hormone receptor

interaction. ABA binding proteins have been identified (Hocking, et al. 1978; Pedron, e/

al. 1998; Zhang, et al.

1999), but they do not have strong evidence of physiological

effects. Also, ABA has been found to have effects on membrane fluidity and thermal
behavior. It is possible therefore that ABA is analogous to lipophilic vitamins such as otocopherol (Parasassi, et

al. 1990). Curently there

are three putative ABA hormone

binding proteins (Kim, 2007). They are called Abscisic Acid Binding Protein

1

(ABAPI), Mg-Chletase H subunit (ABAR/CHLH) and G-Coupled receptor (GCR2).
Arabidopsis chloroplast protein ABAR/CHLH is a putative ABA receptor that

regulates seed development, post-germination growth and stomatal aperture

in A.

thaliana. The receptor has a maximum binding of 1.28 mol ABA per mol of protein and
a K¿ of 32 nM showing high affinity for

ABA.

The binding occurs in a stereospecific

manner to the physiologically active form of ABA (Shen, et a|.2006). This receptor was

found using a biochemical approach. ABA-binding proteins were identified and then
characterized. The protein was initially found in Vicia.faba and was potentially involved

in ABA-induced stomatal signaling. The honnone binding protein was characterized in
Arabidopsis plants using over-expression and anti-sense ABAR constructs. The antisense plants had ABA-insensitive phenotypes
amest by

for germination; post-germination growth

ABA, ABA induced stomatal closure and inhibition of stomatal opening. Over-

t6
expressing plants were hyper-sensitive to

ABA.

The biochemical evidence along with

plant phenotypic evidence led to the conclusion that the ABAR/CHLH binding protein
was a possible ABA receptor (Shen, et a|.2006)

GCR2 is an integral plasma membrane protein that has been described in

l.

thaliana as a major ABA receptor based on loss of function and hypersensitive responses

to ABA in GCR2 over-expressers and gcr2 mutants. G-protein coupled receptors
(GPCRs) are considered to be a mechanism for extracellular signal perception at the
plasma membrane. The GCR2-ABA interaction also shows a low Kd of 20.1 nM, high

affinity and stereospecific binding. The receptor is thought to play a role in all known
ABA response pathways (Liu, et a|.2007).

2.6 Characterization of the Barley ABAPI Gene

ABAP1 had been identified as a putative ABA hormone binding protein that is
induced in barley aleurone layers (Razem, et a|.2004). The approach used to identify

ABAP1 was to clone and characterize an ABA binding protein using anti-idiotypic
antibodies. It was cloned from a barley aleurone cDNA library using a polyclonal antiidiotypic antibody (AB2). Purified ABAPl had cross-reacted with AB2 antibodies which
recognized the anti- (+)-ABA monoclonal antibody (15-l-C5). Recombinant ABAP1
had been shown to bind H-(+) ABA at neutral pH, had an 12 value of 0.94, a Kd of
28X10-e M and bound at a ratio of 0.8 mol ABA/mol-r of protein. The gene encodes for a

52 kDa protein and is a 472-amino acid polypeptide (GenBank Accession F127388).
ABAP1 is a hypothetically liydrophilic protein with a carboxyl-tenninal WW protein
interaction domain and is characterized by two higlily conserved tlyptophan residues and

t7
a proline residue (Razem, et al. 2004). The W'W-Domain is a site known to recruit
protein into signaling complexes. Stereospecificity was confirmed because analogues of

ABA did not bind to ABAPI. Evidence of high protein abundance shown on Western
Blots suggested that the site for ABA perception was at the plasma membrane. This was

fuither demonstrated by the cross-reactivity of the AB2 anti-bodies with corresponding
plasma membrane

protein. Southern Blots

demonstrated the presence

of ABAP1 in

wheat; tobacco, alfalfa, pea and oil seed rape as well as barley (Razem, et a|.2004).
'When

characterizing the Barley ABAP1 gene in transgenic Arabidopsis plants it

was hypothesized that the gene may play a role in seed dormancy, and possibly other

ABA related pathways such as flowering. These plant phenotypes were under high
consideration because of the high sequence homology of barley ABAP1 to FCA (Razem,

et al. 2006) and the previously discovered possible role of ABAP1 in Barley seeds (ElKereamy, et al. unpublished data).

According to the data by El-Kereamy et al. (unpublished), ABAPI has been
shown to regulate genes involved in germination.

ABAPl

seemed to downregulate genes

activated by GA and upregulate genes involved in dormancy induction. Also, barley
embryos that over-express

ABAPI have been shown to be more sensitive to ABA

demonstrating decreased germination. Suppression
demonstrated decreased sensitivity to

of ABAPI in

embryos

has

ABA and accelerated germination. ABAP1

was

found to negatively regulate the GAMYB gene. Over-expressing ABAP1 via transient
expression in barley embryos resulted in reduced GAMYB expression especially in the
presence of

ABA. The suppression of GAMYB

was found to be caused in part by the
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induction of PKABA1 by ABAP1. Other genes that had increased expression in overexpressing

ABAPI barley plants included VP1

and ABI5.

Although ABAPl was purified from barley, A. thaliana was used as a model plant

to potentially characterize the barley ABAP1 gene because of the well studied role of

ABA in Arabidopsis

seed dormancy, the fast

life cycle of Arabidopsis plants, the well

characLerized Arabidopsis genome and the many seeds produced per plant generation.

2.7 ABAPT Similarity to FCA and the Flowering Pathway

Transition

to flowering involves

carbohydrates, cytokinins and

in

some plants

ethylene (Taiz and Zeiger, 2002). There are four genetically distinct developrnental

pathways that control flowering
photoperiodic pathway,

in

Arabidopsis (Blazquez, 2000) which include

a dual autonomous/vernalization

pathway,

a

a

carbohydrate

pathway and a GA pathway (TaizandZeiger,2002).

In the autonomous pathway, flowering occurs in response to internal signals, the
production of a fixed number of leaves or low temperatures. In Arabidopsis, all of the
genes associated

with the pathway are expressed in the meristem. The pathway acts by

reducing the expression and accumulation of FLC mRNA. Flowering Locus C (FLC) is a

MADS domain transcription factor that represses flowering (Michaels and Amasino,
1999; Micaels and Amasino, 2001). FLC is highly expressed in non-vernalized shoot
apical meristems (Michaels and Amasino, 2000). In Arabidopsis, the state of expression

of the FLC gene represents a major detenninant of meristem competence. FLC is
inhibitor of (LEAFY)

LFY. LEAFY allows

the expression of

involved in floral organ production (Michaels and Amasino, 2000).

API

an

and AG that are

t9
Vemalization blocks the expression
ecotypes of Arabidopsis.

of FLC in

cold-requiring winter annual

A winter annual with an FLC mutation exhibits early flowering

without cold treatment (Michaels and Amasino, 2000).

Barley ABAPi was found to be up to

560/o

similar to the Flowering gene FCA

(Fìgure 2.5). FCA is a plant-specific RNA-recognition motif (RRM)-type RNA-bindingdomain-containing protein that probably interacts with RNA (Macknight, et a\.1997).

FCA 1

G

*rwl

û

ABAFl

G

rÂul

ü

Figure 2-5. Homology between active barley FCA1 and ABAPI. Domain structures
of the full length active FCA and ABAPI (Finkelstein,2006).
FCA (Appendix 8.8) is a predominantly nuclear protein that has two RRMs and
'WW

a

protein-interaction domain (Macknighf, et al. 1997). FY is the protein partnel of

FCA's WW domain and is required for FCA to promote flowering (Simpson, er al.
2003). A major regulator of FCA expression is FCA itself (Quesada, et

a\.2003). FCA

interacts with FY to ultimately promote premature polyadenylation within intron 3 of

FCA pre-mRNA. This results in the formation of a transcript that encodes a truncated
inactive protein at the expense of the formation of fully spliced, full-length active FCA.

This negative autoregulation of FCA is developrnentally controlled, but the means by
which certain cells appear to be resistant is unknown. When FCA and FY interact the
accumulation of FLC is repressed therefole promoting the transition to flowering (See
Figure 2.6).
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Figure 2-6. Flowering Pathway

in

Arabidopsis Involving FCA. The FCA:FY

interaction causes repression of the flowering inhibitor FLC (Simpson, 2004).

Because of the high homology between

ABAPl and FCA it

seerned possible that

ABAP1 may have an effect on flowering. ABAP1 could possibly have been involved
with FY therefore causing further inhibition of FLC and dispìaying an early flowering
phenotype similar to fca-

I

mutants.

In 2006, Razem, et al. had found that the RNA-binding protein FCA was an
abscisic acid receptor. Purified recombinant FCA was found to bind +(-) ABA at 0.72

mol ABA per mol of protein and a Kd of 19 nM. +(-) ABA was found to inhibit the
FCA:FY interaction either by preventing the interaction or by preventing re-association.

It was

shown that ABA and FY did not bind to FCA at the same site and that both the

auto-regulation and flowering time control were affected by the FCA:FY disruption by

ABA.

2t
Autoregulation was affected as shown on a Northern Blot by an ABA induced

shift in FCA isoforms to increased FCAy and decreased levels of FCAB. ABA caused
delayed transition to flowering in wild+ype A. thaliana plants as shown by an increase in

days

to bolting and

increased rosette leaf numbers. The paper published

in

Nature

(Razem, et al. 2006) was retracted as experiments were not reproducible (Risk, et al.

2008). The method for determining ABA binding was unreliable and the experiments
showing interference of FCA/FY interaction by ABA had critical effors in the synthesis

of radioactive FY used for the pull-do\À/n assays. Both the CHLH and GCR2 putative
ABA receptors were analyzed using the same methods

and therefore seem questionable.

The GCR2 paper uses FCA as a control. It has been suggested that a more accurate way

of looking for ABA receptors would include titration calorirnetry because during binding
assays

it is difficult to remove ABA from samples efficiently (Risk,

et

a|.2008).

It is also likely that the results of the JBC paper (Razem, et al. 2004)

are not

reproducible and that the existence of ABAPl as an existing gene or protein in barley is

questionable.

It is now

believed that a fragment

of the FCA-y gene was the likely

product that was detected in the initial screening of the barley aleurone cDNA library.

The objectives as outlined in this thesis were originally created based on published
information at the time.

3.0 MATERIALS AND METHODS

3.1 Generation of Transgenic Arabidopsis
3.1.1 Gateway System Plant Transformation
Transgenic Arabidopsis plants constitutively over-expressing barley

ABAPl

as

well as a vector control line tagged to a green fluorescent protein (GFP) insert were
generated using the Gateway System Technology. Arabidopsis seed ecotype Columbia-O

(Col-0) was obtained from ABRC (CS60000). The preparation of the constructs and the
transformation were performed by Shiling Jiang.

The ABAP1 (GenBankrM accession number AF127388) gene was purified and
charucterized in barley aleurone tissues (Razem, et

a|.2004). ABAPI was cloned into

the Gateway donor vector pDONR221 and then into the destination vector pN-TAPa
stock number CD3-696 (GenBank accession number 4Y788908). pN-TAPa is a plant
expression vector used, most frequently, for the generation of an N-terminal altemative
Tandem

Affinity Purification fusion (Rubio, et a|.2005), but was used for phenotyping

experiments due to availability of the lines.

The Gateway System is based on site-specific recombination. The reaction is
mediated by phage À (Karimi, et

a|.2002). Primers designed for ABAPI included

the

Gateway recombination site and a gene specific sequence. The forward primer also had

an added nucleotide in order to keep ABAP1 in the proper reading frame. The forward

primer was

5'-GGGGACAAGTTTGTACAAAAAAGCAGGCTTATGAATTCTCTTAGTGGGAC-3'.

The TeveTse was 5'-GGGGACCACTTTGTACAAGAAAGCTGCGTCACTTTTCCAAGAACGCTC-

3'. Sequence

results demonstrating the presence of barley

vector can be found in Appendix

1.

ABAPl in a Gateway donor

The pNTAPa:GFP constructs followed the same
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primer guidelines. The forward primer used for the Gateway transformation was 5'GGGGACAAGTTTGTACAAAAAAGCAGGCTTATGGTGAGCAAGGGCGAG-3'

thc

TEVcTSe was

5'-GGGGACCACTTTGTACAAGAAAGCTGGGTTCATCTAGATCCGGTGGATCC-3'.

Along with antibiotic selection for positive clones containing Barley ABAP1,
PCR products were sent away for sequencing to confirm the Tap:ABAP1 sequence
(Figure 3.1).
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TAP-ABAPI
atggccaccatggc gcaacacgaagaagccgtagacaacaaaflcaafaaagaacaacaaaacgcgttctatgagatctt
acatttacctaacttaaacgaagaacaacgaaacgccttcatccaaagTttaaaagatgacccaagccaaagcgctaacc
ttttagcagaagctaaaaagctaaatgatgctcaggcgccgaaagTagacaacaaattcaacaaagaacaacaaaacgcg
ttctatgagatcttacatttacctaacttaaacgaagaacaacgaaacgccttcatccaaagtttaaaagatgacccaag
ccaaagcgctaaccttttagcagaagctaaaaagcTaaãIgatgctcaggcgccg a agtagacgc g
lagtggaagttctgttcqaggggcccgaal -cgatgacgatc?c-calgacgcggg!cgcfct$Êârrctrl"tgi'tgaacaa
aâglt9arltcTgaagaagag.tg4acggtga-aca4a4gQtaát-çiccgøggaagaþttlaacggtgqaaa4aaattaat
ctcaga gaggcttgaacggatçqlqtagîggt€gacEq44g$gatttgtgaagaglgalttg4aoggj€aa}aa
agc,
taatctccgaggaagacttgaacggtgaacaaaaaftaatctca gaagaãgactlgaacggatcctctagagglgaacaa

RT-PCR F' Primer

-.

F'.,"l
-- F,t',ff

ACATAATGAGCGGGTG CGAGCAACCATTAATAGTTCG
ATTTGCTGATCCTAAGAGGCCTAGACCTGGAGAATCA/\GGGGTGGCCCTGCCT'TC
GGAGGTCCTGCTGTCAGTTCTCGATCTGATGCAGCACTAGTTATCAG GCCGACTGC
CAATCTTGATGAGCAAATAGGTCGACACATGCCTCCTGACACTTC GCGTCCTTCAA
GCCCAAGCTCAATGGCACCTCATCAGTTCAATAACTTCGGGTCTGACAATTCTATG
GGCCTGATGGGTG G CCCTGTTACATCAGCAGCAGATAATGTTGCTTTTCC G CCTCA
CTTGTTTCATGGGAGTG GTTCTTTGTCAAGTCAGACAGCTGTGCCGG CATCGTCTC
ATATGGGCATAAATCCTTCCTTGTCACAAGGGCATCATCTCGCTGGCCCACAGAT
CCCACCCTTGCAAAAACCAACTGGCCTGCAGCAGAATTTCCCTGTACAATTGCAG
AATGCTCAGCAAGCGCACCTTCATGCCTCACAATCCTTGG GGCCTG GTTCTTTTGG
CCAGAATATACCAACTATGCAATTACCTG GCCAGCTCCCTGTGTCACAACCATTG
ACGCAGCAAÀATGCTTCTGCATGCGCTCTACAGGCGCCTTCAGCTGTACAGTCCA
ATCCCATG CAATCTGTTCCTGGACAACAACAACTTCCATCCAATTTAACACCACAA
ATGCTACACCAGCCAGTCCAGCAGATGCTGTCACAAGCTCCACACTTCCCACTCC
GACAGCAGCAGCCAGCTAI'GCAGTCCAGTTATCAA'| CT]'CGCAGCAGACGATTTT
TCAGCTTCAGCAGCAGCTGCAACTAATGCAGCAGCAGCAGCACCA

AACTTAAATCAGCA{;{,{.4CI{'I.,.I ( GC,4C C1.T.{ì(]'}..,\r\ {;
CCAATCTAATGCCCCTGGTGCTCCGGCAGCCATGATAACGACAAACATAAATGCA
ATTCCACAGCAGGTCAATTCGCCTGCAGTTTCCTTAACTTGCAATTG G ACAGAACA
TACCTCACCTGAAG CTTTTAAATA]'TACTACAATAG CATAACTCGACAGACTAAG
TGGGAAAAGCCTGAAGAATATGTACTGAATCAGCAGCAGCAGCAGCAGCAGCAG
CACCAGAA,ACTTATTTTACTTCAACAGCACCAACAAAAG CTTGTTGCGCAGCAAC
TTCAGTCACCTCCTCAG GCTCAAACAATTCCATCTATCCAATCTATGCAACACCAT
CCCCAGTCGCAGCAACGACATAACCAAATGCAGATGAAACAG CAC GATTTAAAC
TATAATCAGTTACAG CCAACGGG CACG ATTGATCCCAGTAGGATTCAC CAGGGAA

l-AiAPr

I r,rou.

-l
I

lìt"* I

&_l

TTCAAGCTGCTCCAW

Figure 3-I. pN-TAPa:ABAPI Nucleotide Sequence. The TAP:ABAPl construct, as
determined by sequencing, was 2,295 bp in size. Highlighted in order are the Forward
primer used for RT-PCR from the vector portion of the construct, the MyC tag used for
Western Blot analysis, the Forward primer used when creating the TAP:ABAPI
contsruct, the Barley ABAPl probe (a98 bp) used for Northern Blot analysis, the Reverse
primer from the gene used for RT-PCR and the Reverse primer used when creating the
TAP:ABAPI construct.
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Prior to transforming the Arabidopsis plants with the Gateway pN-TAPa vector,
attempts had been made using

a PUTV 45 vector using

Agrobacterium-mediated

transformation (Gelvin,2003). Arabidopsis plants had been transformed using a floral

dip method but the ABAP1 transcripts were not clearly present. There is no reference
available for the PUTV 45 vector. Another attempt involved using a pCHF3 vector
(GenBan Accession 4F139061). When using this vector, the

ABAPl

gene could not be

identified at the E. coli stage. Attempts to construct inserts with both sense and antisense

ABAP1 were also made using the Gateway system and vectors pH2GW7 and

pH2WG7 (See Appendix 8.6).

3.1.2 Arabidopsis Transformation: Floral Dip Method
Arabidopsis plants were grown under controlled conditions in growth chambers.

Growth conditions were chosen based on optimal growth conditions for phenotypic
analysis in plants found in The Arabidopsis Lab Manual (Weigel and Glazebrook,2002).

Plants were maintained at approximately 73o/o humidity,23 "Celsius, light at 120-150
pmol/m2sec with a 16 hour daytime photoperiod and controlled watering

(l

litre/48 plant

flat/3 days). The floral dip transfomation (Clough and Bent, 1998) was preformed by
Shiling Jiang.
T1 plants were grown on selection medium containing 100

pglml of gentamycin

antibiotic. Transfonned plants were transferred to soil and grown to harvest under
optimal conditions. The Tz generation seeds also underwent selection as

well.

Once

transferred to soil the Tz plants were observed and prirnary plienotypic analysis on plant

growth characteristics and plant tissues was conducted. In order to confirm the presence
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of ABAP1 and GFP in the transgenic lines

reverse transcriptase polymerase chain

reaction (RT-PCR), Western Blotting and Northern Blotting was done.

3.1.3 Plant Selection Media

All

antibiotic selection media were made using Murashige and Skoog MS-

medium (MS-medium) with 100 pglml of gentamycin for selecting transformed material.

MS-medium was made using 0.5 % sucrose and 1 .0 % (wlv) select agar (invitrogen,
Carlsbad CA). TAP:GFP and wild-type (Col-O) plants were also grown on selection
medium as controls.

All

seeds were

sterilizedin 50:50 SDS:Bleach for 10 minutes and

then rinsed five times with double distilled water. Once plated, seeds were stratified for 3

days at 4"C and then moved to a controlled growth chamber (73Yohumidity,23'C, 16 h

days). Plants were left on selection medium for approximately 2 weeks.

3.1.4 Confirmation

of ABAPI Over-expressing Transgenic Plants

3.1.4.1RNA Bxtraction
Plant leaf tissues (100 mg) were collected for RNA extraction. For RT-PCR,
nineteen plant lines that were positive for ABAP1 after selection were used and for

Nolthern Blotting six ABAPl over-expressing lines, one GFP line and wild-type Col-O
plants were used.
a

All

tissues were frozen in liquid nitrogen and ground thoroughly using

moftar and pestle. RNA extractions completed prior to tlie RT-PCR were done using an

RNeasy Mini-plant

Kit

(Qiagen, Maryland). The protocol provided by the suppliers

(RNeasy Mini Handbook, 2006 4:52) was used. Briefly: After tissues were ground, buffer

RLT (450 ¡-rl) was added and then spun down. After centrifuging,

a

half volume of

95o/o
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ethanol was added to the supematant and the sample was spun through an RNeasy spin

column. Buffer RWl (700 pl) was added and spun through, and then 500 ¡rl of Buffer
RPE. The final RNA was diluted in 30 pl of RNase-free water. RNA was obtained and

cDNA synthesis (Section 3.I.4.2) was done using M-MLV Reverse Transcriptase
(Promega, Madison WI).

RNA extractions for Northern Blots were done using TRl-reagent RNA isolation
reagent (Sigma, St. Louis
samples were left to

thaw.

MO).

TRl-reagent

(l

ml) was added to each crucible

Samples were then placed

and

into 1.5 ml sterile microfuge tubes

and mixed by inverting for 5 minutes. The samples were then spun down at 12,000 rpm

(Sorvall Thermo Electron Corporation, LegendMicro 17) for 10 minute at 4"C. The
supematant was removed and put into a new 1.5 ml tube with 200 pl of chloroform. The

tubes were mixed by inverting

for 5 minutes, incubated at room temperature for

minutes and then spun at 12,000 rpm

for 15 minutes at 4'C. The supematant

10

was

removed and added into a new 1.5 ml tube with 500 pl of isopropanol, then mixed by

inverting l0-15X. The samples were left at room temperature for l0 minutes and spun at
12,000 rpm

for 10 minutes at 4"C. The supernatant was

discarded and 1

ml of

75%o

ethanol was added to each pellet. The samples were incubated at room temperature for
10 minutes and spun at 8500 rpm for 5 minutes. Samples were left to air dry and then

dissolved in 25 ¡rl of nuclease free water. They were incubated at 55'C for 5 minutes,

gently agitated by flicking the bottom of the tube (by harid) and the RNA content
determined on a diode amay spectrophotometer (Hewlett Packard 8452A). RNA content
was determined by the absorbance reading aT A260 on the spectropliotometer.
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Small scale mRNA isolation was done using PolyATract System
(Promega, Madison

WI).

III, ry

Total RNA was annealed to Oligo-dT and streptavidin-

paramagnetic particles were used to isolate

mRNA. mRNA was eluted with 45 pl of

nuclease free water.

3.1.4.2 cDNA Synthesis

cDNA synthesis was done using M-MLV Reverse Transcriptase

(Promega,

Madison WI). For first-strand cDNA synthesis from 2 pg of RNA, 1 prl of Oligo-dT
primer and nuclease free water were added to a total volume of 15 pl. The tubes were
then heated at70"C for 5 minutes and placed on ice. For the second step, 5 pl of M-MLV

5X Reaction Buffer and 5 pl of 10 mM dNTPs were added along with 25 units of
Recombinant RNasin Ribonuclease Inhibitor and 200 units of M-MLV
free water was added up to a total volume of 25

pl.

and stored at -20"C. The presence of cDNA (using

RT.

Nuclease

Samples were left at 42"C for

I

I hour

¡rg) was confirmed by PCR (PTC-

100 Programmable Thermal Controller, MJ Research Inc.) and then purified using

a

QIAEX II Gel Extraction Kit (Qiagen, Maryland).

3.1.4.3 RT-PCR Reaction

The RT-PCR reaction was set up to a total volume of 50 ¡rl using 2 p.l of cDNA.

The primers used were a forward primer from the pN-TAPa vector
GGCCGCTCTACAACTAGT-3'

and reverse primer from the ABAPl gene 5'-

GCGACTCTAGACTTAGCAACCTGCGTATGTcGC-3'

approximately 1350

5'-

giving an expected band size of

bp. An Actin control (using over-expression line 24) was made
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using a forward (5'-

AGcAACTcccATGACATGGAc-3')

CTACCTTGATCTTCATGCTG-3') barley

bp.

and reverse (5'-

Actin primer resulting in an expected size of 748

Barley Actin primers were used due to availability in the

lab. Actin is a fairly

universal gene and the homology between barley and some Arabidopsis Actin genes is
80% or more (Appendix 8.9). The PCR program used had an annealing temperature of

60'C and 36 cycles. PCR products (40 pl/well) were run on a 1 .2 Yo agarose gel (See
Section 3.1.4.4). PCR products were sent for sequencing.

3.1.4.4 Gel Electrophoresis and Extraction

A

1.4 Yo agarose gel was made for analyses of PCR-products and

DNA. For a

smaller sized gel, 0.42 g of pure agarose (lnvitrogen, Carlsbad, CA) was added to 30 ml

of lX TAE buffer

and then brought to a boil in a microwave oven. Then 3

¡^rl

of ethidium

bromide (EtBt) was added. The gel was left to polymerize in a gel apparatus (Hoefer
Scientific instruments, San Francisco) and then samples were loaded. For RNA samples

al.2o/o agarose gel was made. The gels were generally run at 150 volts unless otherwise
stated.

Gel extraction was done using the QIAEX

II

Gel Extraction Kit (Qiagen,

Maryland). Bands were extracted from the gel by excising the band with a scalpel and
placing it in 1.5 ml microcentrifuge tubes. Approximately 3 volumes of buffer QG was
added to each tube. The samples were heated in a water bath at 50 "C until melted. After

melting,

1

volume of isopropanol was added to each sample and then samples were spull

through the provided collection tube. Buffer QG was added at a volume of 0.5 ml to the

collection tubes and spun thlough. All waste solution was discarded. Ethanol was added
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to buffer PE and then 750 pl of buffer PE was added to each collection tube and spun
through. The DNA was eluted in 30-50 pl of nuclease free water.

3.1.4.5 Northern Blot

A MOPS gel was made by adding 12.5 ml of 10X MOPS (0.2 M Mops Free Acid,
0.05M Sodium acetate,0.01 M EDTA, pH 7.0 (adjusted with 1 M NaOH), sterile water),
1.5 g agarose (Invitrogen, Carlsbad, CA) autoclaved water up to a total volume

of

125 ml

into a 250 ml flask. The flask was heated in a microwave until the liquid boiled and the
agarose had

melted. After the melting, 7.375 pl of EtBr and 2.25 ml of formaldehyde

were added to the flask. The gel was poured into a gel apparatus (Hoefer Scientific
instruments, San Francisco) and left to set.

A 1X MOPS

running buffer was made and

samples were prepared and then loaded into the gel as follows.

The RNA samples were prepared by heating at 55'C for 5 minutes and were then
placed on ice for 5 minutes. Approximately 20 pg of total RNA was used for each well.

RNA loading buffer 5X (16 pl saturated aqueous bromophenol blue solution, 80 pl of
500 mM EDTA pH 8.0, 720 p,l of 37o/o (12.3M) formaldehyde, 2

ml

100% glycerol, 3084

pl formamide, 4 ml lOX FA gel buffer, Rnase-free water up to a total vol. of

10

ml) was

added at a volume of 7 ¡:.Lto each sample. RNA ladder (Promega) was added in a separate

lane on the gel at a volume of 3 pl with 15 ¡rl of dd FI2O and 5 ¡rl of loading buffer. The
gel was run for 4 hours at a minimum of 85 volts.

For the Northern blot gel to membrane transfer,

I

liter of 20X SSC

(Promega,

Madison, WI) (175.35 g of NaCl + 88.23 g Sodium Citrate clehydrate, pH 7.0 with HCI)
was prepared. The over-niglit transfer apparatus involved

filling a glass tub about % full
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of 20X SSC. A filter paper wick was placed over a plastic rack into the SSC. The wick
must have both ends over-hanging the plastic rack into the SSC and be saturated with the

liquid. Two pieces of Whatman

paper were cut to the size of the

gel. The gel was placed

face down on the filter paper in the center of the plastic rack and a nylon membrane
(Hybond-N+ Nucleic Acid Transfer Membrane, Amersham) was placed directly onto the

gel. Air bubbles were removed from the gel by rolling a l0 ml pipet over the gel. The
two pieces of gel sized Whatman paper were placed onto the membrane and wet with
some 20X SSC in order to start the transfer.

A stack of paper towel (about 3 inches) was

placed on top of the Whatman and a weight such as a glass plate or 250 ml beaker was
placed on top. The stack used a diffusion method to transfer the RNA with 20X SSC up

from the gel onto the membrane. The gel was left to transfer overnight (16-24 hours).
One day later, the membrane was U.V. crosslinked and then put in a hybridization

oven at 65'C in pre-hybridization buffer (1% BSA,

I mM EDTA,

0.25 M NaHPOq at pH

'7.4, 7yo SDS) for 4 hours. The hybridization buffer was pre-warmed

in a glass vial

(hybridization bottle) to 65oC and the membrane was placed inside (RNA facing inward).

The ABAP1 probe was prepared using a prime-a-gene labeling system kit
(Promega, Madison,

WI). The probe was prepared by Shiling Jiang by PCR

and then run

on a gel. The probe (See Appendix 8.2) was boiled for 3 minutes and placed on ice for

minutes. The ABAP1 probe was mixed with l0

2 pl of BSA,
temperature

pl

3

of 5X reaction buffer,3 ¡rl of dNTP,

I pl of DNA polymerasel and 5 pl of 32P labeled dCTP and left at room

for 1.5 hours. The probe was boiled for 4 minutes and put on ice for 5

minutes before being added to hybridization buffer. Tlie membrane was placed in the
hybridization buffer with the probe and left over night in the oven at 65'C.
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The next day,200 ml of primary wash buffer (20 ml of 20X SSC and

I ml of 20%o

SDS) as well as 100 ml of secondary wash buffer (5 ml of 20X SSC and 0.5 ml of

20%o

SDS) was made. They were heated in a water bath in bottles to 65"C. The hybridization

buffer was dumped into a radioactive

P32 disposal

jug. Approximately

100 ml of primary

wash buffer was added to the bottle with the membrane and the bottle was placed back in
the hybridization oven at 65"C for 5 minutes. This step was repeated one more time and

then again with 100 ml of the secondary wash buffer for 2 minutes. After washing, the
membrane was removed from the vile with tweezers and set onto a piece of Saran plastic

wrap. The wrap was folded over the membrane and the membrane was checked for
radioactivity with a meter and then taped into a film cassette. In a dark room, a piece of
f,rlm (Kodak BioMax irnaging film, Sigma, Aldrich) was placed over the membrane and
the cassette was closed and put into a dark garbage bag. The cassette was left at -80"C for

3 days. After 3 days the film was developed in the dark room first being placed into
developer and then fixer.

3.1.4.6 Protein Extraction

For leaf tissue, two leaves per plant were cut from eight ABAPl over-expression
plant lines and two GFP control lines. The leaf tissue was frozen in liquid nitrogen and
then ground with a pestle stick. Buffer (3X) (stock solution: 1 rnl SDS X5, 50 ¡rl of BMercaptoethanol) was added up to one equal volume per sample. The sample was mixed,

boiled for 5 minutes and then centrifuged for 10 minutes at 13,300 rpm. The supematant
was removed and stored at -20"C.
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For protein extraction, Arabidopsis seeds (in a microcentrifuge tube up to the 0.02

ml mark) from two GFP control lines, wild-type Col-O, and six ABAPl over-expressing

lines were ground

in liquid nitrogen in 1 ml 5X

SDS containing 50

pl of

B-

mercaptoethanol. Samples were boiled for 5 minutes and centrifuged for 10 minutes at
13,300

rpm. The supernatant was removed and protein samples were stored at -20"C.

3.1.4.7 Western Blot Protocol

A

12.5% separating gel (12.5 ml of 30%o Acrylamide, 1.5 ml 2o/o bis-acrylamide,

II.2 ml of 1 M Tris Cl (pH

8.7), 0.3 ml of

10o/o

SDS, 4.65 ml of ddH2O) was prepared.

Temed (3.3 pl) and l0o/o ammonium persulfate (APS) was added to 4 ml of the separating
gel into a l5 ml tube and gently mixed by hand. The gel (in liquid form) was poured into
a Mini-Protean Cell (Bio-Rad) up to a line about 1 inch from the top of the apparatus.

A

layer of ddH2O was added on top to plevent the gel from drying out. Once the gel had

solidified (anywhere frorn 2-10 minutes) the water was drained out.
gel was prepared (1.7 ml of

30o/o

Acrylamide,0.T ml of

2o/o

A

12.5% stacking

bis-acrylamide, 1.25 ml of

1M Tris Cl (pH 6.9), 100 pl of 10% SDS and 6.3 ml of double distilled HzO. The gel
was poured into the apparatus to the top and the gel comb was inserted. The gel was left

to solidify (45 min.) and then was placed into an electrode assembly. The assembly was
clamped into a frame and placed into the mini tank. About 400mls of 1X SDS Running

buffer from a 10X stock solution (0.25M Tlis-HCl, l.9M Glycine,
added to the tank.

A l0

pLl

lo/o SDS

(pH 8.6)) was

volume of protein sample was mixed with 10 pl of

lX

SDS

and then half of the total volume was loaded into each well. SeeBlue Plus2 pre-stained
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standard protein ladder (5

pl) (invitrogen, Burlington ON) was added into an empty well.

The gel was run for 1.5 hours at 156 volts.

A transfer buffer was prepared (25 mM Tris-HCl,
methanol (pH

192 mM Glycine,

20o/o

8.3)). The buffer was placed in a large tub. A piece of nitrocellulose

membrane was cut out about the size of the gel and then activated. To activate the
membrane (Hybond-N*, Amersham)

it

was placed in methanol for 2 minutes, rinsed in

sterile water and then placed into the transfer

buffer. Two pieces of chromatography

paper (3MM, Schleicher and Schuell, Maidstone, England), slightly larger then the
membrane were also cut and placed into the transfer buffer. In order to set up the transfer
apparatus (Mini-protein Tetra Celì (Bio-Rad, Mississauga ON)), the gel was removed

from the

lX

SDS buffer and the stacking gel portion was cut off and thrown

was also placed

in

transfer

buffer. With the transfer

out. The gel

apparatus spread open the

components were placed inside in the following order: fiber pad, chromatography paper,

gel, membrane, chromatography paper, (roll out bubbles with a 10 rnm glass tube) fiber

pad. The apparatus was clamped shut and placed into the transfer chamber fìlled with
transfer

buffer. An ice pack was placed into the transfer

volts with a current of 300 for approx.

t

apparatus and

it was run at 70

hour.

After the transfer, the membrane was activated for 15 seconds in methanol, rinsed
in water for 2 minutes and then placed at room temperature, slightly agitating in blocking
buffer

(lX

TBS, 5% mild powder, 0.05% Tween-20) for 1 hour. Then the membrane

was washed three times for
20).

l0 minutes each in washing buffer (1X TBS, 0.05% Tween-
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The membrane was then placed in the primary antibody buffer (0.5 ml 10X TBS,

0.1 g of milk powder, 10 ¡rl

of i' antibody MyC). Monoclonal anti-C-Myc

antibody

ABAPl

and GFP

(Sigma, Oakville) was used because of the Myc tag located on both the

constructs. The membrane was left for 2 hours at room temperature with slight agitation.
The membrane was re-washed three times for 10 minute intervals in washing buffer (1X

TBS, 0.05% Tween-20) and then placed in secondary antibody buffer (5 ml of 10X TBS,

i

g milk powder, 17 ¡rl of secondary antibody) for

t

hour, agitating at room temperature.

The secondary antibody used was mouse antilgG conjugated to alkaline phosphatase
(Sigma, St. Louis

MI). The membrane was washed three times as above and then

allowed to dry. In order to develop the membrane it was placed in 2 ml of 10X AP (100

mM Tris pH 9.5, 100 mM NaCl,5 mM MgCl), 132 ¡:"1of nitroblue tetrazolium (l{BT)
(0.025 g NBT, 350 pl dimethyl formamide (DMF), 150 pl water) and 66 pl 5-bromo-4-

chloro-3-indolyl phosphate (BCIP) (0.015 g BCIP,300 pl water) brought up to 20 ml
with water. The membrane was left in the developer until bands were visible.

3.1.4.8 GFP Expression in Plant Roots

In order to observe whether GFP was being expressed in TAP:GFP transgenic
lines, roots from both transfonned and wild+ype Col-0 seedlings were observed under a
Fluorescence Microscope (Zeiss, Imager. MI Axio) and photos were taken of root tissues.
Observations were made using both a brightfield and fluorescence setting. Photos were

taken using both settings

to

demonstrate where GFP expression was causing

fluorescence. Images were captLlred in black and white.

3.2 Phenotyping the Ectopic Expression of ABAPI
3.2.1 Seed Stratification

For the T2 generation of plants, all seeds were sterilized and plated on selection
medium as described in section 3.1.3. Seeds were then stratified at 4"C for 0, 3,7,14 and

30 days. After stratification, plates were moved to a controlled growth chamber (73%
humidity, 23"C, continuous light) and germination rates were counted for a minimum of

8

days. Germination was counted at the point of radical emergence. A second experiment
was set up using MS-medium with 80 pglml gentamycin antibiotic. Seeds were sterilized

using a 50:50 SDS:Bleach

for 15 minutes

and rinsed 5X with ddHzO. Six over-

expressing ABAPI plant lines and two GFP control lines were plated. Three replicates
each treatment wete done at

of

0, 72, 24, 36,48, and 72 hour stratification at 4"C. The

experiment was conducted on antibiotic medium because there was not previous
confirmation of which plant material was transgenic.

A viability test was done on each of the plant lines in order to normalize the data
following a tetrazolium viability test protocol (Black, 2006). Seeds were plated in a lYo
tetrazolium red solution overnight at 37oC in the dark. Percent viable seed was calculated

by draining the liquid solution and counting the red (viable) verse brown (not viable)
seeds on

filter paper.

'When

doing stratification experiments in the T3 plant generation, the protocol was

similar to that used for the T2 generation except that MS-medium (Section 3.1.3) was
used instead

of selection medium. Stratification periods of 0, 1.5 and 3 days were used.

The experiment was done twice with 3 replicates in each tlial of 50 seeds each line and
each treatment.
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3.2.2 Abscisic Acid Trials: Seed Sensitivity to ABA
Seeds were sterilized and plated on MS-selection medium as described

3.1.3. All

seeds were stratified

in section

for 3 days at 4"C. Plates were prepared with different

concentrations of (+)-ABA (0, 0.5, 1, 5

T3 generation, ABA concentrations

pM).

GFP lines were used as a control. For the

of 0, 0.25, 0.5, 0.'74, and 1 pM were

used and

germination was counted in 8 hour intervals from the moment each plate was placed into
the controlled growth chamber conditions (Section 3.1.2).

All experiments included

three

replicates. Statistical significance was calculated by calculating standard deviation
within three replicates. The protocol used was taken from The Arabidopsis Lab Manual
(Weigel and Glazebrook, 2001 ).

3.2.3 Measurements of Plant Characteristics: Fresh Weight (F.W.), Silique Number
and Percent Bolting

The F.W. experiments were conducted using the protocol found

in

the

Arabidopsis Laboratory Manual (Weigel and Glazebrook, 2001). Wild-type, GFP and

two ABAP1 sense lines were plated on MS-medium and stratified for 3 days at 4"C.
After 2 days in a controlled growth chamber aI"25"C and continuous light, seedlings were
moved to treatment plates with differing concentrations of Mannitol (1, 10, 50, 100,250,

500

mM).

Three replicates of 40 seedlings each were done. Exactly

7

days later the

seedlings were moved fi'om the plates onto wax paper and the fresh weights were
weighed in grams. Seedlings were blotted dry using lab tissues. The same protocol was

followed for the T3 plant generation except that the only mannitol concentrations used
were 0,250 and 500 mM.
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Both the plant height and silique number were observed and recorded for the T3
generation of plants. Plant height was recorded in (cm) at harvest

time. Height was

recorded from the top of the soil to the highest point on the main shoot. A minimum

of

40 plants for each line was counted. Total silique number was also recorded at time to

harvest. Any siliques that had shattered were still counted because parts of the pods
and/or petiole were still visible on the plant. A minimum of 40 plants from each line was
counted.

When observing time to bolting, plants were grown

in a controlled

growth

chamber with the optirnal conditions stated in section 3.1.2. Forty-eight plants of each

plant line were used in two separate replicates. On the first day that bolting was observed

iri

a

plant line, the total number of plants that had shoots at a minimum of 1 inch tall were

counted.
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4.0 RESULTS
4.1 ABAPI Over-expression in Transgenic Arabidopsis

There

is

some evidence that ABAP1 may have

a role in controlling

seed

germination (El-Kereamy, et a/. Unpublished). In order to further explore the role of

ABAPl in seed dormancy

and germination, the barley

the dicot species Arabidopsis thaliana.
increased sensitivity to

It

ABAPI

gene was transformed into

was hypothesized that there would be an

ABA in A. thaliana seeds causing a potential increase in

seed

dormancy and reduced germination. ABAPl also shows a high sequence homology to
the flowering gene FCA (Figure2.5).
Because

of the many different signal

transduction pathways that involve the

hormone ABA (Jiang and Hartung, 2007: Kim, et a|.2003), and the similarities between

ABAPI and FCA, traits such as time to bolting, silique number and general
observations were examined along

plant

with seed sensitivity to ABA, dormancy

and

germination.

When analyzing plants phenotypically
caused

it is critical to minimize the variation

by genetics and environment between plants (Boyes, et al. 2001; Weigel

and

Glazebrook, 2001). Glowth conditions for all experiments were controlled and plants
were brought to a 2"0 (Tr) and 3'd (T3) plant generation after transformation in order to
increase homozygosity in the selected plant

lines. The Tz plant generation was originally

intended to be preliminary. The observations were very general and also to be used as a

learning experience. Because

of the unceftainty found within the T3 generation

concerning positive ABAP1 transgenic plants

within this thesis.

it

becarne necessary

to include Tz dala
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In order to confirm the presence of constitutively over-expressed ABAPI in the
Tz and T3 plant generations Reverse Transcriptase PCR (RT-PCR), Northern Blotting and

Western Blotting protocols were used.

4.1.1

Detecting ABAP1 in Transgenic Plant Tissues

4.1.1.1 Tz Generation

T2 generation RT-PCR products from cDNA (Figure 4.1), produced using
primers that would amplify regions comesponding

to the gene construct containing

ABAPl, were sequenced (See Appendix 8.3) and found to align with the

sequence for

barley ABAP1 (GenBank Accession 4F127388), indicating that the gene had been

successfully incorporated

into the plants. The putative ABAPl bands were

approximately 1200 bp in size. The 1200 bp band that appeared in the wild+ype (wt)
column of the gel (Figure a.1 (a)) did not have sequence homology to the barley ABAPI
gene (See Appendix

8.4). In figure 4.1 (a), the column for line 21 is empty because the

band was cut out and plepared for sequencing prior to taking the picture

of the gel.

GFP(8), consisting of material from one of the TAP:GFP transgenic lines was selected

for furlher use as a control because it demonstrated no presence of ABAPI (Figure

(b).

4.1

The sequence results for the -800 bp Actin band were positive for the A. thaliana

Actin 8 gene (I.JCBI Reference Sequence: NM_103814.3) as shown by sequence results
demonstrating

a 90Yo and higher sequence match. Actin was used as a control to

determine if the PCR reaction had worked.
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Sense

ABAP1 Lines

ABAPl
Ladder
I

Actin

21 24 27 92 93

721

wt 2l

emptv

kb-

<{-

(a)

Sense

1200bp
800 bp

ABAP1 Lines

ABAP1 GFP
Ladder

74

ABAP1

(8)

114 14 GFP

20 108 92

GFP ABAP1 cDNA
(3)
16 GFP

lkb+

9 21

Librar]¡

95 cDNA

{-

1200 bp

(b)

Figure 4-1. RT-PCR products

for T2 Arabidopsis

generation after selection.

Transgenic ABAP1 Arabidopsis RT-PCR products resulting from a PCR using a forward
primer from within the pN-TAPa vector and reverse primer form the ABAP1 gene
construct. (a) and (b) show a band of the expected 1200 bp size for the TAP:ABAPI
construct. (a) also consists of a lane with a band from wild type (wt) plant rnaterial and
actin primers at an 800 bp size. (b) also consists of a lane with no band resulting from a
cDNA library and ABAP1 primers.
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The Northem Blot (Figure 4.2), of the Tz plant generation indicated positive
results for the presence of ABAP1 in the selected transgenic A. thaliano plant lines that
were believed to be constitutively over-expressing the barley
a band at the expected size

gene as depicted by

of approximately 2.3 kb. The Tap portion of the TAP:ABAPI

construct has an approximate size of 700 bp and the
an approximate size

ABAPl

ABAPl portion of the construct

has

of 1500 bp giving a total expected size of approximately 2.2 kb. The

band of expected size was detected in all of the over-expressing transgenic lines. Both
the wild{ype and GFP(8) control line had no evidence of a band at the expected ABAPI
size position and therefore were considered to be negative for

band

ABAPl. The large lower

in column 114 of figure 4.2 is approximately 1.3 kb in size and had not

been

expected.

Sense

ABAPI Lines

wt 14 20 74 92 108

114 cFP(8)

.^-

2.295kb

</L---------- -

1.0 kb

-Figure 4-2. HvABAPI transcript levels in T2 transgenic Arabidopsis leaf tissue.
Tissues from plant lines transformed to constitutively over-express barley ABAPl were
extracted for their RNA and the samples analyzed by Northern Blot procedures. A total
size of 2.2 kb was expected for bands demonstrating the presence of ABAPl. A probe of
approx. 500 bp in size was used to identify the Tap:ABAPI construct. Vy't: wild-type
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Furlher investigation into the presence of ABAP1 in the transgenic plant lines
included a Western Blot analysis (Figure 4.3) which yielded results that did not clearly

identify ABAP1 protein expression. The proteins for the blot in Figure 4.3 were
extracted from leaf tissues. The ABAP1 gene was prepared as a TAP:ABAPI fusion

protein which included the presence of a MyC tag (Appendix 8.2). The anti-body used in
the Western Blots was for the MyC tag that was thought to be present in both the ABAPl

and GFP over-expressing plants

in part because the MyC tag was detected in Tz

generation RT-PCR products as shown by the sequence results in Appendix 8.3.

The MyC tag was detected in the GFP control line and not in the ABAP1 overexpression plant lines. The 35S:ABAPi construct should have been over-expressed in all

plant tissues. Western Blots conducted using Arabidopsis seeds obtained results
indicating that ABAPl was not detectable using the MyC tag antibody. Along with all

of

the over-expression lines that were checked for protein expression in Figure 4.3, two
additional lines (20, 9) were also checked when looking for protein expression in seeds
and MyC protein expression was not detected (data not shown).
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GFP(8)

92

Sense plant lines

1r4

9s 2t 16

14

108

74

64kDa

Figure 4-3. ABAPI Protein detection in transgenic Tz Arabidopsis leaf tissue
constitutively over-expressing barley ABAP1. The expected protein size for the
ABAP1 fusion protein was 60 kDa. The primary anti-body was a MyC anti-body which
is part of the pNTAPa vector construct. The secondary anti-body used was anti-mouse.
The Molecular Weight marker used for this Western blot was a SeeBlue Plus2 PreStained Standard.

With no evidence of ABAPI protein expression it was decided that GFP protein
expression should be further confirmed

in

order

to

demonstrate that the pNTAPa

expression vector could carry a functional gene. The plotein expression in the selected

control line GFP(8) was observed microscopically (Figure 4.4). GFP(8) was compared to

a wild-type Col-0 plant

line.

Photographs

of GFP(8) and wild-type plant roots were

compared. GFP plotein fluorescence was detected

in the TAP:GFP root

compared to no fluolescence in the wild-type Col-O

roots. Root tissues were used in

order to facilitate the plotein expression observations.

tissues as
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(c)

Figure 4-4- GFP protein expression in transformed Arabidopsis plant roots
obser-ved under a microscope. (a) + (b) GFP protein expression in ioot tissue
fi.om a
GFP insert in a pN-TAPa Gateway vector transformed into Col-g T2 generation

Arabidopsis plants. (c) Wild-type Col-O root tissue demonsrrating the location àf
the root
under the microscope. (d) GFP protein expression in wild-type Col-g plant root tissue.
The same root tissue as irnage 1ì;. Image c is a brightfield image and a, b and
d are
fluorescent images.
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ABAP1 transgenic lines were created that demonstrate the presence of ABAPi
and

ABAPl transcripts in a minimum of six plant lines. The presence of ABAPI protein

expression was not detected. The GFP(8) control line did not have

ABAPI transcripts

present as shown in the Northem Blot (Figure 4.2) but did have GFP protein expression
as shown

in Figure 4.4. Originally, there were more than ten TAP:ABAPI transformed

plant lines that were all plated for selection on 100 pl/ml gentamicin plates as well

as

more then five TAP:GFP transgenic lines.

4.1.1.2 T3 generation

All of the T2 plant lines that

were assumed to be confirmed ABAP1 transgenic

plants were observed for phenotypic characteristics such as seed dormancy and plant
fresh weight (See section 4.2). T3 plants were grown on 100 ¡rglml gentamycin selection

medium for approximately one week and then moved to

soil. It

was hoped that this

generation would be homozygous for the ABAP1 gene, therefore, lowering the amount of

plienotypic variation within the plant lines and between plant lines. Both RT-PCR and
Northern Blot procedures were used to determine if the T¡ plant generation still contained

ABAPl transcripts. As shown in Figure 4.5, the RT-PCR results were different from
T2 generation (Figure

the

4.1). The T3 generation plants did not demonstrate the presence of

ABAP1 even though the RNA used for the RT-PCR was intact as shown in Figure

(b). The PCR products did not produce

a band

4.1

of any size in the transgenic plant lines.

The conditions for the RT-PCR were the same as used in the previous generation and the

RNA was extracted using the same protocol. The Actin band located at a size of -800 bp
was identified therefore demonstrating that the PCR program did wolk.
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Figure 4-5. RT-PCR products for T3 generation of transgenic leaf tissues. Primers
used were forward primer (pN-TAPa) 5'- ccccGCTCTAcAAC TAcr- 3' and reverse
primer (Trunc R10a fi'orn ABAPI) 5'- cccACTCTAcACTTAGGAACCTcccTATGTccc3'. (a) Results for wild-type Col-0 (wt), GFP (8) control line, five ABAP1 overexpression lines (1200 bp), an Arabidopsis cDNA library (L), and Arabidopsis Actin
gene (748 bp) found using barley Actin primers. (b) RNA used in RT-PCR for wild-type,
GFP and sense ABAP1 lines.

48

The inability to detect ABAPI transcripts by RT-PCR
suggests that

in the T3 generation

this fragment was lost or eliminated between the 2"d and 3'd generation.

Northern Blot analysis was performed (Figure 4.6) in order to look at possible variation
in A. thalianaFCA transcript levels within transgenic Arabidopsis plants. A285 bp probe
representing the 5'-UTR region of FCA was used to probe (Appendix 8.2) RNA from
transgenic leaf tissues. The effects of FCA transcript levels were of interest due to the

high sequence homology found between FCA and barley

ABAPl. FCA

was identified in

all plant lines demonstrating that the protocol was effective (Figure 4.6 @)). FCA,

a

flowering gene, was present in the Arabidopsis leaf tissue that had undergone the
transition to reproductive growth but differences in FCA expression was not seen when
comparing wild-type and ABAPI transgenic plant material. The membrane was stripped
and re-probed

with a 500 bp Barley ABAPI probe (Appendix 8.2) and results show that

ABAPl transcripts were not

detectable in the T3 generation tissues. No bands of any size

were detected in the transgenic plant lines on the Northern Blot membrane. The only

visible band occuned in plant line 114 (Figure 4.6 (b)) and is consistent with previous
results (Figure 4.2). The band is approximately 1.3 kb in size. The membrane was restripped a final time and probed with an Actin probe. Actin was identified in all of the

plant lines at the expected size indicating that the transfer and f,rxing of RNA to the
membrane had been effective. The Northern Blot in figure a.6 @) was also used as a

control in order to verify gel loading and confirm uniformity. Figure 4.6 (d) was another

Northeln Blot that did not detect the presence of ABAP1 transcripts in the ABAPI
transgenic plant lines. It was a Northern Blot using an ABAPI probe following the same

protocol as in Figures 4.2 and 4.6 (b) but with total RNA instead of isolated mRNA.
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Figure 4-6. Northern Blots of T3 ABAPI Transgenic Arabidopsis plant leaf tissues.
(a) Arabidopsis mRNA from transformed lines probed for fca B and fca ô. (b)The same
membrane as in (a) probed with ABAPl. (c) Same membrane as in (a) probed with barley
actin. (d) Northern Blot replicate of (b) done with total RNA using a barley ABAP1
probe. MT: empty lane WT: wildtype Arabidopsis Col-0 plant tissue
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In light of the evidence shown in sections 4.1.1.1 and4.l.l.2,it looks

as though

there were ABAP1 transgenic plants that had been successfully generated in the Tz
generation and that the ABAPI transcript may have been lost

in the Tg generation.

Phenotypic observations such as germination assays had commenced
generation prior

to obtaining the RT-PCR

for the T3

results that demonstrated no evidence of

ABAP1 in the potentially transgenic lines and therefore the data was included as part of
this thesis.

4.2 Phenotyping Transgenic ABAPI Arabidopsis Plants

In order to phenotype the ectopic expression of barley ABAPI in transgenic

l.

thaliana plants were observed for three consecutive plant generations. Plants were
observed for seed dormancy and stratification time, seed response to ABA, plant height,

silique number and general growth characteristics such as fresh

weight. It

should be

noted that all Tz data were generated from seed and plants that were initially grown on

80-100 pglrnl gentamycin selection medium as compared to the T3 plant generation
which was stafied on MS*Medium for phenotypic experiments.
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4.2.1Tz Generation
4.2.1.1 Percent G ermination

When looking at sensitivity to ABA, seeds were stratified

in order to break

dormancy directly after harvest. It was hypothesized that constitutively over-expressed
barley

ABAPl in Arabidopsis

seeds would result in an increased sensitivity to

ABA.

As shown in figure 4.7, over-expressing ABAPI plant lines 14 and 20 had
significantly lower germination compared to the wild-type Col-0 control. However line
20 had a peculiar phenotype. At a seedling stage,

ll3 of the plants were a very bright

green-yellow color as opposed to a darker green in other Arabidopsis plants. The plants
grew very slowly and had a very stunted and tiny plant size even after silique formation
(Appendix 8.5). No seed was produced in the T3 generation, leading to the elimination of
this line in subsequent testing.

Germination of line 108 was similar to wild-type (Figure a.7 @)). The remaining

ABAPI over-expressing lines

seemed

to have lower germination then the wild-type

control but due to the large standard deviation the difference was insignificant. The GFP
control line had a phenotype that exhibited percent germination in the middle of the wildtype Col-O plants as well as the majority of ABAPl lines. Percent germination was not
assayed before day

2.

The data in Figure 4.7 was not corrected for viability and no

further germination had occurred after four days of observation.
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Figure 4-7. Percent germination of T2 generation transgenic ABAPI Arabidopsis
seed. Data was collected on days 2,3 and 4 after a 3 day stratihcation period. Percent
germination was not counted on day 1. (a) Percent germination of ABAPl lines PS 14,
PS 20 and PS 108 as well as wild-type and GFP controls. (b) Percent germination of
ABAP1 lines PS 92 and PS 95 as compared to wild-type.
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4.2.1.2 Seed Sensitivity to ABA - Germination Assays

The effects of over-expressing barley ABAPl in A. thaliana seeds was predicted

to

cause increased sensitivity

concentrations

to ABA and, therefore when seeds are exposed

of ABA that are above 0.54 pglseed in wild type Arabidopsis

to

Seeds

(Karssen, et al.1983) it could be expected that seeds would exhibit an even lesser amount

of seed germination then the TAP:GFP or wild-type control.
In figure 4.8, it seems as though the GFP control line was less sensitive to ABA at

a 0.5pM concentration than the ABAP1 lines. The wild-type seeds did not germinate

well and due to their low viability had to be excluded from the data. Low viability may
have been due to human eror in storage or sterilization techniques. After observing that

some plant lines did not have good viability, tetrazolium tests were conducted to
normalize data for the germination experiments.

It

seems that the

ABAPl

pM concentration then at
ABA

sense lines were much more responsive to

ABA at a 0.5

I pM. The increased level of germination in Line 92 at lpM

as compared to 0.5pM is

likely experimental error. Increasing ABA concentrations

should have resulted in a corresponding decrease in percent germination. As expected,

line 108 seemed less sensitive to ABA

as compared to the other

ABAPI transgenic lines

(Figure. 4.8). It had been predicted that this line would have a lower sensitivity to ABA
than the other transgenic ABAP1 plant lines because of increased percent germination
and therefore a possible decreased sensitivity to ABA in figure 4.7

(b).

PS line 92had

the least amount of germination both under low and high concentrations of
data in Figule 4.8 was conected for seed viability.

ABA.

The
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There was limited data collected on this generation of seed because there was

high phenotypic variation among the plants and potentially low homozygosity within

lines. The intent was to accumulate the most data in the T3 generation.

Percent

germination assays were conducted on filter paper as well. The seeds had low viability
(See Appendix 8.7).
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Figure 4-8. Percent (%) germination of Tz generation transgenic seed on 0, 0.5 and 1
plù .on..rrtrations of +(-)ABA. Germinated seeds were counted three days after being
were plated on 100 ¡rg/ml gentamycin MSþtacea in a controlled growth chamber. Seeds
Medium selection plates.
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4.2.1.3 Effect of ABAP1 Expression on Bolting

Mutants such

as

fca-[ exhibit a delayed flowering

phenotype, therefore taking

into consideration the high sequence homology between Barley ABAP1 and FCA, it
seemed possible that plants constitutively expressing ABAP1 might show an altered

flowering phenotype.

Figure 4.9, shows that transgenic plant lines including both ABAPI overexpression lines and the GFP control line have a delayed bolting phenotype. Line

2l

had

a signif,rcantly lower amount of bolting within the given time period but the GFP control

line is similar to that of the other sense lines therefore suggesting a vector effect and not
an effect of the barley ABAPI gene

itself. The data could not be counted in

days to

bolting because there were high levels of variance between replicates and plants within

a

line did not bolt on the same day. The data for each line was collected on the day that the

first plant bolted and all plants with

a

minimum of a 1 inch shoot were included.
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Figure 4-9. Percent bolting of Tz ABAP1 transgenic plants. A total of 48 plants for
each replicate were counted. The number of plants bolted was recorded on different days
langing from 47 ro 52 days after germination for each different replicate. Data was
collected on the first day that bolting was seen within a plant line and all plants with a
shoot of I inch or more were included.
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4.2.1.4 Fresh Weight Gain of Tz ABAPI Transgenic Arabidopsis Plants
Phenotypic differences were observed in the T2 generation (Fig.4.10). There was

high variability between plant lines and the observations were not consistent. Differences
existed between plants of the same line within the same generation as shown by high
Ievels of standard deviation. Figure a.10 (a) shows GFP(8) control plants. Figure (b)
demonstrates the large difference in growth that occurred between wild-type Col-O plants

and ABAP1 over-expressing plants. These plants were at the same leaf stage as wild-

type plants and therefore seem to be dwarfed. Figure a.10 (c) demonstrates the smaller

ABAPl plant size of transformed lines. The difference

appeared

to be a slower growth

rate because the leaf stages between the wild{ype and ABAPI over-expression line were

different. One of the experimental differences
transgenic lines was that antibiotic was used

between the wild-type Col-0 and

for selection in the medium that

the

transgenic plants were grown on. Wild-type plants were grown on regular MS-Medium.
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Figure 4-10. Images of Tz transgenic plant growth phenotype. Images rvere taken on
day 23 after a 3 day stratification period. (a)Image of GFP(8) control plants. (b)Image
of strong phenotypic differences between ABAPl over-expression line i14 (left) on 100
¡rglml gentamycin and wild-type Col-O on MS-Medium (right). (c) Image of Tz wild-type
(left) and ABAPI line # 92 (right).
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After visually observing phenotypic differences in plant growth (Figure 4.70),

a

fresh weight experiment was conducted on one of the smaller ABAPI over-expressing

lines. A range of Mannitol concentrations were used to

observe plant growth under

different stress conditions. Mannitol (500 mM) incorporated into regular MS-Medium,
produced significant differences between the growth of wild+ype Col-O, GFP control and

PS l4 ABAPI sense line. The ABAPl over-expressing line seemed to be smaller in size
(Figure 4.11).
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Figure 4-11. Fresh Weight of a transgenic Tz plant line on 500 mM Mannitol. Fresh
weight (F.W.) in grams (g) of 4 replicates of 40 seedlings grown on regular MS-Medium
for two days and then moved to treatment plates for seven days. F.W. of sense line 14
compared to wild-type and GFP controls.
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4.2.2"1s Generation

All

plants

in the T3 generation

were selected from 100 ¡rglml gentamycin

selection medium and then transferred to soil after approximately 2 weeks. Plants were

grown in the growth chambers using the optimum recommended growth conditions

as

previously described. Plants were watered every 3 days with 1 liter of water/flat. It was
thought that having brought the transgenic seed through plant selection and having used
controlled growth conditions that this generation would be optimal for observing plant

phenotype. It was hoped that this generation had increased levels of homozygosity in
comparison

to the T2 generation and that there would be a decrease in phenotypic

variation between plants within lines. Observations were made

in the T3 generation

because the experiments had been started prior to looking for ABAP1 transcripts.

been thought that similar evidence

It

had

to that found in the T2 generation Northern Blots

would be obtained in the T3 generation.

4.2.2.1Germination of T3 Generation ABAPI Transgenic Arabidopsis Plants

In

order

to

observe the stratification requirements

for wild-type Col-O as

compared to TAP:GFP and ABAP1 over-expressing plant lines, seeds were plated on

regular MS-Medium and then stratified for different time periods. The lines that were
selected for the experiments were used based on T2 generation RT-PCR (Figure 4.1) and

Northern Blot results (Figure 4.2). Experiment

I took place using

seeds that were freshly

harvested fi'om the T3 generation verse experiment 2, which was conducted after a period

of

seed

after-ripening. The after-ripened seed had been sitting at room-tempelature for

minimum of two weeks.

a
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In Col-O A. thaliana

seeds dormancy is lost after a

3 day stratihcation period

at

4oC. If ABAPI was causing an increased sensitivity to ABA and a possible increase in
seed dormancy then

it is important to know if

the transgenic seeds required more

stratification time relative to wild-type or GFP control plants. When plants were freshly
harvested or after-ripened with no stratification the results were variable. For experiment

2, ABAPl line 20 was replaced with hne 74 because of the unusual phenotype of line 20
as described in section 4.2.I.1 and in Appendix 5. Germination assays were conducted
using 0, 1.5, and 3 days of stratification. When stratification experiments were conducted

for longer than a 3 day period all of the seeds germinated and no signihcant differences
were found between plant lines (data not shown).

As expected with no stratification, the seeds in experiment

I

appeared

to have

increased levels of dormancy relative to seeds after ripened as in experiment 2 (Figure

4.I2). As demonstrated in Figure

4.12 (a), wild+ype Col-O plants had a signif,rcantly

higher percent germination and possibly less dormancy relative to both GFP and ABAPl
over-expressing transgenic plant

lines. This was not the case for plants that

observed after seeds had been after-ripened (Figure 4.12

were

(b)). ABAP1 over-expression

line 92 seemed to show an increased amount of seed dormancy both at harvest and after
couple of weeks. ABAP

I line

1

a

14 seemed to have had a really strong dormancy that was

lost very quickly after a period of after-ripening. Figure 12 shows that overall; the
phenotype for the GFP control seemed to be in the middle of the wild-type control and

the ABAPl plant lines. Over time, all of the plant seeds germinated indicating that the
seeds were viable and that the delayed germination was

likely due to seed dormancy.
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Figure 4-12. Percent (o/o) germination of T¡ barley ABAPI transgenic Arabidopsis
seeds two/three days after zeyo day stratification period. (%) Germination of 3
^ each on regular MS-Medium. Seeds were exposed to no
replicates consisting of 50 seeds
stratification and placed directly into a controlled growth chamber set at 23"C with
continuous light arid 73% humidity. (a) Germination of seeds that were plated directly
after harvest. (b) Germination of seeds that wele plated 2 weeks after harvest.
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After

a

period of 1.5 day stratification at 4"C the GFP control line had comparable

percent germination to the wild-type line (Figure 4.13). Two days after being placed in a

growth chamber, up to five over-expressing ABAP1 plant lines seemed to have
germination then either the GFP or wild-type controls (Figure a.13
seeds had reached maximum germination

less

(a)). By day 3, all

in both experiments with no significant

differences (Figure 4.13 (b)).
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Figure 4-13. Percent ('/r) germination of T3 barley ABAP1 transgenic seeds 2 and 3
days after a 1.5 day stratification period. (%) Germination of three replicates of
approxirnately 50 seeds each on MS-Medium. All seeds underwent a 1.5 day
stratification period al 4"C. Germination was recorded starting 2 days after the plates
were placed into a growth chamber with controlled settings. (a) Percent germination of
transgenic seeds that were plated directly after harvest. (b) Percent germination of
transgenic seeds that were plated 2 weeks after harvest.
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As seen in f,rgure 4.14, after seeds had been stratified for a 3 day period at 4"C
there was no significant difference in germination between
and control lines in either experiment

I

or

2.

ABAPl over-expressing lines

This would indicate that the dormancy is

lost during stratification and that a 3 day stratification period is a sufficient time period to
break dormancy. These results are not what were expected with regards to the percent

germination in the T2 generation (Figure 4.7).
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Figure 4-14. Percent (o/o) germination of T3 barley ABAPI transgenic Arabidopsis
seeds 3 days after a 3 day stratification period. Percent germination of 3 replicates
consisting of 50 seeds each on regular MS-Medium. All seeds were stratified for 3 days
al 4"C and then put into a controlled growth chamber. (a) Germination of seeds that were
plated directly after harvest. (b) Germination of seeds that were plated 2 weeks after
harvest.
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In both generations of plants there

appears

to be a dormancy phenotype in the

ABAP1 and GFP over-expressing plants as compared to the wild-type Col-O control. The
T3 generation

of

seeds

did not require the same amount of stratification time in order to

obtain equal and greater germination than Tz seed. In the T2 generation, when plants
were obserued on the second day after being placed in growth chamber conditions after a

three day stratification period, wild{ype seed had approx. 100% germination, GFP had
approx. 60Yo and ABAP1 seeds had less than 65% (Figure

4.7). In the T3 generation,

when plants were observed on the same day after the same amount of stratification all
seeds including both transgenic and wild-types had percent germination

of 95% and

higher (Figure 4.14). The T¡ seeds were less dormant than the Tz.

4.2.2.2 Seed Sensitivify to ABA Germination Assays

The results from Figure 4.15 show that
demonstrates a higher sensitivity to

in

some cases, the GFP control line

ABA than both the wild-type and ABAPl lines. This

is contradictory to the expected hyper-sensitivity of ABAPl over-expression lines. The
results were consistent at ABA concentrations ranging fi'om 0 ¡-rM to 1pM. After

a3

day

stratification period, wild{ype seeds had a higher percent germination in the first 24
hours after being placed into optimal growth conditions. This shows that there is a
phenotypic effect that is present but that it is not necessarily caused by ABA (Figure 4.1 5

(b)). The GFP control line shows a lower percent germination
phenotype may be caused by the pN-TAPa vector and not

and therefore the

ABAP1. Increasing ABA

concentrations affected wild-type Col-0 plants in tlie expected ntanner in which percent
gernrination decreased with increased ABA levels (Figure 4.15).

65

0 pM ABA

(a)
I

ops
io*toõÈp
L-.--.---__-.

r¿

opsi¿l)

ioPSl14r

100

t;P-ògz:

!

-t

100

l"to

-80

ie960

E

.Ê

Ê

60

E

b40

b40

:

o

.-

l"-20
lo

20

I

0

0.25 pM ABA

(b)
I

iol!

100

11ì-rÞs

1ò8 À-PS

æI

.80

o
E

.q

60

E

b40

(.'

'-

20

0.5 ¡rM ABA

(c)
|äesi1ofs1æ9esszi

24h

32h
ïme

(Hours)

40h

24tt

32h

ïme

(Hours)

Figure 4-15. Graphs indicating transgenic ABAP1 seed response and sensitivity to
ABA. All seeds were stratified for 3 days at 4"C and were all counted in 8 houl intervals
after being placed in a controlled growth chamber. There were three replicates of
approximately 50 seeds each on regular MS-Medium and differing concentrations of
ABA. Figures (d) and (e) continued on page 2. (a) 0 pM ABA, (b) 0.25 ¡rM ABA, (c)
0.5 pM ABA, (d) 0.75 pM ABA, (e) 1.0 pM ABA
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4.2.2.3 Bolting, Silique Number and Plant Height in T3 Generation Plants

When observing transgenic ABAP1 plants from different lines it was found that
there was a wide range of phenotypic variance and no significant difference in the bolting

of the selected plant lines (Figure 4.16) or between leaf number at time to bolting
between

ABAPl and the control lines (Figure 4.17). Percent bolting was counted

verse

days to bolting due to the lack of uniformity within the plant lines. The leaf number at

time to bolting was observed in order to try and obtain a better picture of the plant stage
as the plants were counted as bolted.
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Figure 4-16. Percent of ABAP1 transgenic plants bolted. A bolted plant was recorded
as having a minimum of a 1 inch primary shoot. The total percentage of plants from each
line out of 48 total plants was recorded. The number of plants bolted was recorded over a
period of four days commencing after plants had started to bolt. The averages of three
separate replicates were taken.
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Figure 4-17. Average leaf number at time of bolting for all plants rvith I inch shoots.
The leaf number was counted on day 24 after being placed on soil. Not all of the plants
from each line had bolted.
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There was also a lot of variation when observing total silique number at harvest

time between plant lines and within lines between replicates. Figure 4.18 shows that
there was no significant differences between plant lines even though over-expressing

ABAP1 transgenic lines 14, 76,74 and 92 consistently had fewer siliques than the other
lines.
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Figure 4-18. Total silique number per plant counted at harvest time. Siliques were
counted for seven over-expressing ABAPI transgenic plant lines, one GFP control and
one wild-type control line. All plants and seeds were dry. Shattered siliques were also
counted.
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There were no significant differences found between

ABAPI

over-expressing

lines and control lines when looking at plant height (cm) (Figure 4.19). This was
interesting considering the Tz plant generation had differences in plant F.W. (Figure 4.11)
and therefore size as well.
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Figure 4-19. Plant Height measured at harvest in (cm) by hand. Plant height was
measured for seven ABAP1 transgenic plant lines, one GFP line and one wild-type
control. Plants were measured from the soil to the highest plant point on the main shoot.
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4.2.2.4 Fresh Weight Gain of T3 ABAPI Arabidopsis Transgenic Plants

When replicating the F.W. experiment from section 4.2.1.4 the results in the T3
generation were not the same. There was no signif,rcant differences in fresh weight (g)

found between ABAPI over-expression line 14 and the control plant lines (Figure 4.20).
This was the case when using 0,250 and 500 mM Mannitol concentration in the medium.
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Figure 4-20. F.W. (g) of Transgenic ABAPI Arabidopsis Plants. Seeds were stratified
for 3 days aT 4"C and plated on regular MS-Medium for two days. Then seedlings were
transferred over to Mannitol treatment plates and grown for 7 days in a controlled growtli
clramber. Plant weight in grams (g) of 40 plants were recorded on day 7. Trial one,
consisting of 0,250 and 500 mM Mannitol treatments.
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5.0 DISCUSSION

The characterization of hormone binding proteins and receptors is an important
endeavor that has the potential

to

increase the understanding

of hormone

signal

transduction and perception. When physiological pathways within plants are better
understood, scientific knowledge can be better applied
endeavors and farming systems.

to

economically important

An example in the case of possible ABA hormone

receptors would be an increased understanding of seed germination for important farm

crops such as barley. Having information concerning seed sensitivity to hormones for
germination may allow for improved breeding programs resulting in more predictable
farm crops.

ABAPI was considered

a putative

ABA hormone binding protein that had

been

identified in barley aleurone tissues (Razem, et a|.2004). The gene was found to have
characteristics consistent

with a honnone receptor and seemed to play a role in

controlling dormancy in cereals (El-Kereamy, eÍ al. Unpublished data). ABAPl was also

found to have high sequence homology to Barley FCA which is a gene involved in

flowering. In order to further understand the possible function of ABAPl

as a hormone

binding protein and its role in the ABA hormone pathways, information from previous
research involving barley embryos (El-Kereamy, et al. Unpublished data) and the gene's

sequence homology
over-expression

to FCA were taken into consideration. It was hypothesized that

of ABAPl in transgenic Arabidopsis plants may cause an increase in

sensitivity to tlie plant hormone ABA resulting in increased dormancy or altered plarrt

growth phenotypes. The objectives of this research included over-expressing barley
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ABAP1 in the dicot species A. thaliana (Col-}) and then characterizing possible plant
phenotypes that might have an increased perception or sensitivity to ABA.

5.1 Generation of ABAPI Transgenic Plants

It

should be noted that throughout the plant transformation process, many

different vectors were attempted. One failed attempt involved using a PUTV45 vector. It
was later determined that the vector was created specihcally for conifers and is lacking

left and right border

sequences

which would have been required for observing plant

phenotypes in consecutive generations (Van Haaren, et al. 1988). The CHF3 vector was
attempted and was not successful. Also, Gateway System vectors that were constructed

to specifically incorporate the selected gene in both a sense and anti-sense manner were

used. The system did not work and only plants expressing ABAPI in an anti-sense
orientation were obtained. Based on the efforts that were made in transforming the
Arabidopsis plants, it may be possible that barley ABAPl is a gene that was not readily
incorporated into plants.

Arabidopsis plants carrying the Barley ABAP1 gene in the pN-TAPa vector were

identified

in the Tz generation by selection on

MS-Medium

with 100 pglml of

gentamycin antibiotic, reverse transcriptase PCR and Northern Blot analysis. In the T2
generation, the presence of ABAP1 was demonstrated with RT-PCR and confirmed by
sequence analysis (See Appendix

3).

There were approximately

l4 plant lines that had

expected band sizes and seemed to be transfonned. As shown in Figure 4.2, six overexpressing

ABAPl plant lines were chosen for Nortliern Blot analysis and lesulted in the

expected band size of 2.295 kb, using a 500 bp

ABAPI probe, consistent with the size
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expected for a transcript derived from this gene construct. There was an unexpected band

in sense line 1 14 at a size of approximately 1.3 kb.
Westem Blots were conducted

to look at ABAPI protein expression in

the

transgenic lines. The antibody that was used for the Western Blots was against the MyC

tag that was present in both the TAP:ABAPI and TAP:GFP constructs.

It

had been

assumed that a band demonstrating MyC expression would indicate a functional gene

transcript for both GFP and

ABAPI.

Protein expression

of GFP, as evidenced by

antibody reaction with the antiMyC and fluorescence in the control plants was confìrmed
but ABAPI protein expression was not (Figure 4.3). This was the case when using both

plant material as well as seeds. The MyC tag was present within the ABAPI RT-PCR
products as shown

in sequence

results (Appendix

3).

The presence of GFP over-

expression is possibly an indicator that the Gateway Transformation had worked but that

the problem underlying a lot of the inconsistency in the results was due to the ABAP1

gene. It is also possible that the MyC tag within the transcript was not translated,
although this would seem unlikely since

it

was translated in the GFP

line. In order to

fuither confitm GFP protein expression, a comparison of TAP:GFP and wild-type Col-O
plants was made by looking at Arabidopsis plant roots under a microscope (Figure 4.4).
GFP was detected as determined by an increase in fluorescence in transgenic Arabidopsis

roots as compared to wild-type. A likely conclusion is that the ABAPl transcripts were
present in the TAP:ABAP1 plants but, considering that targeted protein degradation is a

regulatory mechanism in vivo (Callis, 1995), protein expression may have been hindered

by possible feed-back, or plant defense mechanisms. The Arabidopsis plants may have
been successfully transformed as shown by ABAPI transcript detection but the gene
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itself was not functional as shown by the lack of detectable protein expression. It is also
possible that the protein was present, but at levels that were below the detection limit

of

the protocol that was used (Section 3.1.4.7). Considering a MyC antibody was used, it's
possible that the antigen part of the proteins were not exposed for binding. ABAP1 may
have had a protein structure that inhibited MyC binding as compared to the GFP protein.

The T¡ generation did not give the expected results. It had been assumed that the

confirmation of transgenic material would be similar to the T2 generation. Using the
same RT-PCR protocol, primers and plant lines from the Tz generation,

a 1200 bp band

was not attainable and the T2 results were not reproducible (Figure 4.5). A Northem Blot

was conducted further demonstrating that ABAP1 was undetectable (Figure

Northern Blot had been originally conducted

The

in order to look at possible effects of

ABAPl over-expression on FCA transcript levels. This was done
sequence homology between barley

4.6).

because

of the high

ABAPI and FCA. No change in FCA transcript

levels between ABAPI over-expressing and control plant lines was seen as shown in

Figtrle a.6 @).

It

should be noted that barley FCA and Arabidopsis FCA do not have

high sequence homology. This could explain why ABAP1 over-expression did not have
an affect on FCA transcript levels within the Arabidopsis plant tissues. The FCA probe

(Appendix 8.2) did result in the detection of FCA within the ABAP1 lines. The same
membrane was stripped and probed with ABAP1 and showed negative results (Figure 4.6

(b)) with respect to the expected size band. Plant line 1 l4 still resulted in a band at a size

of approximately 1.0 kb (Figure 4.6 (b) Figure 4.2). The protocol for performing the
Northern blots did work properly as shown by tlie use of an Actin probe on the same
membrane after the

ABAPI (Figure a.6 @)). No ABAPI transclipts were detected in

t6
Northern Blots using either mRNA or total RNA (Figure 4.6 (b) +
detectable

(d)). Actin

was

in all plant lines. If the ABAP1 transcript was lost, that would be another

explanation as to why there were no changes in FCA expression in transgenic plants

as

compared to controls. A possible conclusion based on the Tz and T3 results is that the

ABAPl

gene was successfully transformed into a number of Arabidopsis plant lines and

then lost in a subsequent generation.

5.2 Phenotypic Analysis of Transgenic ABAPI Plants

If

ABAP1 protein expression was highly regulated or only expressed under

specific environmental or physiological conditions within the transgenic plants resulting

in high protein turnover or low detectable expression levels then it is still possible that

a

plant phenotype could be detected. In order to characterize the phenotypic expression of

ABAP1, transgenic plants underwent antibiotic selection for two consecutive generations.

Utilizing plants that were potentially homozygous was essential to assuring that the
phenotype was reproducible and consistent.

A lack of plant homozygosity is likely

the

reason for the high standard deviation within plant lines for phenotypic characteristics
such as plant height (Figure 4.20), time to bolting (Figure 4.17) and seed germination

(Figure

4.7). It

can still be concluded that ABAPI transgenic plants had

been

successfully generated because transcripts were detected within some of the plant lines;
however, not all of the lines were checked with Northern Blot analysis.
Based on the potential role for
assays were

ABAPl in cereal dormancy, percent gerrnination

a primary focus when phenotyping the

transgenic Alabidopsis plants.

Germination assays that were conducted on the T2 generation of plants demonstrated that
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the transgenic material seemed to have increased dormancy as compared to wild-type
Col-0 plants (Figure 4.7). The GFP transgenic control line had a phenotype that was in
between the ABAPI plants and wild+ype control (Figure 4.7).

If

ABAP1 had been

causing an increased dormancy phenotype within the seeds, it would have been expected

that the TAP:GFP transgenic control would have had similar germination rates to the
wild-type Col-0 plants. The results do not show a significant difference between the
TAP:GFP and TAP:ABAPl plant lines with the exception of line 20 in Figure 4.7 (b)
(this line was later rejected) leading to the conclusion that the dormancy phenotype may
be in part caused by the pN-TAPa vector itself and not the ABAP1 gene.

In the T3 generation,
determine

if ABAPl

stratification experiments were conducted

in

order to

transgenic plants had different stratification requirements than GFP

and wild-type controls. Experiments were done on freshly harvested seed as well as seed

that had been after-ripened for a period of two weeks. In both cases, a three day
stratification period was suffìcient for almost 100% germination rates (Figure 4.14).
When looking at percent germination of fi'eshly harvested seed, only line 114 had

a

significantly lower percent germination than the wild-type and GFP controls three days
after no stratifìcation (Figure

a.n @\. When looking at percent germination of after-

ripened seed, line 74 (Figure 4.12 (b)) had significantly lower germination than the
controls three days after no stratif,rcation. Lines 92 and 74 (Figure 4.13 (b)) had lower
germination on the second day after a 1.5 day stratifrcation period.

The percent dormancy of these lines as compared to the other lines varied
between experiments and treatments. Because the results showing significant differences
between the transgenic lines and controls could not be replicated,

it

was concluded that
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there were no significant differences. Both transgenic lines (ABAPI and GFP) did have

an increased dormancy phenotype in freshly harvested seeds as compared to the wild-

type control (Figure

a.l2 (a)).

phenotypes, the vector

Since both ABAP1 and GFP seeds give similar

is likely the cause of the phenotype since it is the

common

denominator in the lines.
There were no significant differences in percent germination between any of the

plant lines on day two after a three day stratification period (Figure 4.14). Because a 3
day stratification period overcomes dormancy in wild{ype Col-0 plants and is sufficient

for TAP:GFP and ABAPI transgenic seed germination it can be concluded that the overexpression of barley ABAPI in Arabidopsis seeds does not create significantly decreased
seed germination or increased stratification requirements in order to break dormancy.

It

had been hypothesized that transgenic plants over-expressing ABAPI would

have an increased sensitivity to ABA and therefore an increased dormancy phenotype as
compared to wild-type Col-0 plants when exposed to the same concentrations of external

ABA.

These predictions were based on previous observations made in barley embryos

(El-Kereamy, et al. unpublished data). The experiments looking at seed sensitivity to

ABA gave results that were opposite to what was

expected (Figure 4.8

+ 4.I5).

Arabidopsis plants transformed with the TAP:GFP construct were more sensitive and

showed increased levels

of

seed dormancy than the plants transformed with the

TAP:ABAPI construct. In the T3 generation, seeds were observed for percent
germination at

I

hour intervals for up to 72 hours. Consistent with the stratification

experiments, wild-type plants demonstrated less germination in the presence of ABA than

TAP:GFP and TAP:ABAPI lines. In both generations of plants there were ABAP1 lines
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that had less dormancy than the GFP control at the different ABA concentrations. It was

therefore concluded that ABAP1 seeds did not have an increased sensitivity to ABA
compared to wild-type and GFP controls with respect to seed dormancy. In some of the

stratification experiments, low seed viability occurred in transgenic plant lines. This may
have been caused by the bleach in the sterilization procedure, mishandling of the seeds or

be the result of transformation that produced sterile seed. In order to
discrepancies

in

data, tetrazolium

prevent

viability tests were done to determine the viability of

seed and to normalize germination results.

It had

been observed that the transgenic plant lines grew more slowly and bolted

significantly later than wild-type plants (Figure a.10 (a),(b)). The only experimental
difference between the ABAP1 and control plants was that the ABAP1 and GFP plants

were on selection medium containìng gentamycin and the wild-type plants were on
regular MS-Medium. In addition to the differences being the result of the transformation,

it

seems possible that growing the plants on selection medium versus MS-Medium may

have had an effect on the plant growth rate. Comparing the Tz and T3 data would have
been more accurate

if

the same medium conditions had been used for both generations.

The antibiotic selection plates should have only been used for plant selection and had
been used for experiments due to the assumption that there were a low number of
homozygous plants in the T2 generation.

The observation that some ABAPl plants appeared to be smaller than wild-type

plants led to fresh-weight experiments (Figures 4.11
measurernents

+ 4.20). In the T2 generation,

of plant fiesli-weight over a period of one week demonstrated that wild-

type plants had a larger total plant mass than ABAPI plants. On average, plants
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maintained the same leaf number during the growth stages. This would indicate that the

ABAPl plants were slightly dwarfed in comparison to the controls. By the T3 generation,
there were no significant differences in fresh weight between the same plant lines that
were used for the experiment in the previous generation (Figure 4.20). The fresh weight

of the Arabidopsis plants used for the experiment was very small in both generations and

it is likely that the T3 data was Ítore accurate.
In both cases, percent of plants bolted (Figure 4.9) and total fresh-weight (Figure

4.1I), the GFP control line had an intermediate phenotype between the ABAPI lines and
the wild-type control. Assuming the amount of time on selection medium had an effect
on the transgenic verse the wild-type lines, there is some justification it to conclude that
any differences between the GFP and ABAP1 are caused by the gene and not the vector.

This would only be the case if the antibiotic had affected both the TAP:GFP control and

TAP:ABAPI plants in the same manner.
Variation between and among the ABAPI over-expression lines was likely due to
a lack of homozygosity, errors

in growing conditions or gene copy number (Sridevi, et al.

2006). The amount of heterozygosity within plant lines therefore would have contributed

to the high levels of standard deviation shown in the data. After analyzing the
generation

it

T3

was determined that phenotypic differences were likely due to a vector

effect. There was no significant differences between TAP:GFP and TAP:ABAP1 plants
even though both the GFP and

ABAPI were at times significantly different than wild-

type plants (Figures 4.7,4.9,4.I2,4.15,4.16). Regardless of the cause of some of the
changes in phenotype that were observed, no definitive association of phenotype with

ABAPI

gene expression could be found.
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Some transgenic plant lines that were assumed to be over-expressing ABAPI
based on RT-PCR results (Figure 4.1) were eliminated

from further analysis. This was

because of variable phenotypes and because the total numbers of plant lines were too

high due to growing space availability and time constraints. Over-expression line
number 20 had a strong phenotype (as discussed in sec.4.2.I.1) and

it is possible that

upon gene incorporation into the plant genome, important plant function was disrupted
(Latham, et a|.2006).

Phenotypically, there were fewer differences between transgenic plant lines and

wild-type plants in terms of seed dormancy and plant fresh weight in the T3 generation
than in the Tz generation. In the T3 plants, there were no significant differences when

looking at time to bolting, leaf number at bolting, total silique number at harvest or plant
height at harvest between the ABAP1 over-expression and control lines (Figures 16,17,
18 and

i9).
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6.0 General Discussion and Conclusions

In conclusion, it can be said that initially ABAPI transgenic plants were obtained
but the

ABAPl

gene may have only produced stable

ABAPl transcripts in heterozygotes.

ABAPl transcript levels were detected up to the T2 generation but protein expression was
not evident. This could have been because of rapid protein degradation, low protein
expression that was not detected, or because the gene was not translated. It is, therefore
possible that ABAPl was not functional within the transgenic plants.

Both the TAP:GFP and TAP:ABAP1 transgenic plant lines demonstrated some
increased dormancy phenotypes as well as slower growth compared to wild{ype plants.

This was likely a vector effect as there were no significant phenotypic differences
between the ABAP1 transgenic lines and the GFP control. This leads to the conclusion
that there may be no phenotypic effect of expressing barley ABAP1 in A. thaliana.. It is
also likely that the ABAP1 transcript was lost after the T2 generation as demonstrated by

the lack of RT-PCR and Northern Blot products as well as the decrease in phenotypic
differences between plant

lines. The use of the pN-TAPa for transforming Arabidopsis

to be used in phenotypic analyses should be considered with suitable caution due to

a

potential empty vector effect. These results do not demonstrate a phenotypic effect
caused by the over-expression of barley

extemal

ABA.

ABAPi in Arabidopsis with or without the use of

This would coincide with the new evidence that would support the

conclusion that ABAPI is not likely an ABA receptor.

In the future it would be advisable to use an empty vector control line instead of
or as well as the GFP control. This would help to distinguish phenotypes as caused by
the gene itself ol the vector. It would also be useful to perfonn a Southern Blot analysis
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on both the Tz and T3 plant generations to determine gene copy number and therefore
help in selecting plants. This would potentially decrease the phenotypic variation within
plant lines. It would also be important to ensure that experiments were conducted using
the same parameters for each generation of plants.
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8.1 Appendix
8.1 Sequence results for ABAPI in PDONR221 vector.
Sequence results for ABAPL found in the PDONR22I before transforming ABAPI
into the pN-TAPa destination vector using Gateway System Technology.
ATGAATTCTCTTAGTGGGACTTACATAATGAGGGGGTGCGAGCAACCATTAATAGTTCGATTTGCTGATC
CTAACAGGCCTAGACCTCGAGAATCAAGGGGTGGCCCTGCCTTCGGAGCTCCTGGTGTCAGTTCTCGATC
TGATGCACCACTAGTTI.\TCAGGCCGACTGCCAATCTTGATGAGCAAATAGGTCGACACATGCCTCCTGAC
ACTTGGCGTCCTTCAAGCCCAAGCTCAATGGCACCTCATCAGTTCAATAACTTCGCGTCTGACAATTCTAT
CGGCCTGATGGGTGGCCCTGTTACATCAGCAGCAGATAATGTTGCTTTTCGGCCTCAGTTGTTTCATGGGA
GTGGTTCTTTGTCAAGTCAGACAGCTGTGCCGGCATCGTCTCATATGGGCATAAATCCTTCCTTGTCACAA
GGGCATCATCTCGGTGGGCCACAGATCCCACCCTTGCAAAAACCAACTGGCCTGCAGCAGAATTTCCCTG
TACAATTGCAGAATGCTCAGCAAGGCCAGCTTCATGCCTCACAATCCTTGGGGCCTGGTTCTTTTGGCCA
GAATATACCAACTATGCAATTACCTGGCCAGCTCCCTGTGTCACAACCATTGACGCAGCAAAATGCTTCT
GCATGCGCTCTACACGCGCCTTCAGCTGTACAGTCCAATCCCATCCAATCTGTTCCTGGACAACAACAAC
TTCCATCCAATTTAACACCACAAATGCTACAGCAGCCAGTCCAGCAGATGCTGTCACAAGCTCCACAGTT
GCCACTCCGACACCAGCAGCCAGCTATGCAGTCCAGTTATCAATCTTCGCAGCAGACGATTTTTCAGCTT
CAGCAGCAGCTGCAACTAATGCAGCAGCAGCAGCACCAGCAGCAGCCTAACTTAAATCAGCAGCCACAT
ACGCACGTTCCTAAGCAACAGGGACAGCCAGTGCAATCTAATGCCCCTGGTGCTCCCGCAGCCATGATA
ACGACAAACATAAATGCAATTCCACAGCAGGTCAATTCGCCTGCAGTTTCCTTAACTTGCAATTGGACAG

AACATACCTCACCTGAAGGTTTTAAATATTACTACAATAGCATAACTCGAGAGAGTAAGTGCGAAAAGC
CTGAAGAATATGTACTGAATGACCAGCAGCAGCAGCAGCAGCAGCACCAGAAACTTATTTTACTTCAAC
AGCACCAACAAAAGCTTGTTGCGCACCAACTTCAGTCACCTCCTCAGGCTCAAACAATTCCATCTATGCA
ATCTATGCAACACCATCCCCAGTCGCAGCAAGGACATAACCAAATCCACATGAAACAGCAGGATTTAAA
CTATAATCAGTTACAGCCAACGGGCACGATTGATCCCAGTAGGATTCAGCAGGGAATTCAAGCTCCTCGA
GAGCGTTCTTGGAAAAGTTGA
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8.2 Appendix

8.2 ABAPI and FCA Probes used

in Northern Blots and MYC tag

nucleotide

sequence.

ABAPI 500 bp Probe used for N. Blot
GGCCTCAGTTGTTTCATGGGAGTCGTTCTTTGTCAAGTCAGACACCTGTGCCGGCATCGTCTCATATGGGC
ATAAATCCTTCCTTGTCACAAGGGCATCATCTCGGTGGGCCACAGATCCCACCCTTGCAAAAACCAACTG
GCCTGCAGCAGAATTTCCCTGTACAATTCCAGAATGCTCAGCAAGGGCAGCTTCATGCCTCACAATCCTT
CCGCCCTCGTTCTTTTGGCCAGAATATACCAACTATGCAATTACCTGGCCAGCTCCCTCTGTCACAACCAT
TGACGCAGCAAAATGCTTCTGCATGCGCTCTACACGCCCCI"TCAGCTGTACAGTCCAATCCCATGCAATC
TGTTCCTGGACAACAACAACTTCCATCCAATTTAACACCACAAATGCTACAGCAGCCAGTCCAGCAGATG
CTGTCACAAGCTCCACAGTTGCCACTCCGACAGCAGCAGGCAGCTATGCAGTCCAGTTATCAATCTTCGC

ACCAGA

Arabidopsis 5'UTR FCA Probe 285 bp
AATTCATCATCTTCGATACTCGTTTCTTCTCTCTTTGGTTTCATACAGATCCCAAATTTCTAGCGCTCCTAG
TCCTTTGATTTCTTCGACTGGAATCCCAATTCCCCACTACGTCAAGCTGGACACACACCGAAGGGATCCC
CATGAGAGTGGCGGCTACGAGGATTCCTACCATAACCACCGAGCCCATCCCAGAGGTCCATCTCGTCCCT
CAGATTCACGCTTCGAAGAGGATGATGA'TGATTTTCGCCGCCACCGTCGTCCTCGTGGAAGCAGCCCTAG
CAA

MYC Tag
GenBank Accession number 4Y788908.

1

Showing 351 bp region from base 1325 to 1675.

N-terminal TAPa T-DNA vector pN-TAPa, complete sequence
GGTGzu\C AJ\\'\GT TGAT T TCTGAAGA-AGATTTGAACGGTGzu\C AJUU\GCTAATCTCCGAGGAAGACT TGA
ACGGTGAACA'UUU\TTzu\TCTCAGAAGA-AGACTTGAACGGATCCTCTAGAGGTGAACAÄAAGTTGATTTC
TGAAGAAGATTTGAÄCGGTGAi\CAiU\i\GCTAATCTCCGAGGAAGACTTGAACGGTGzu\CA'\'U\'\TTAATC
TCAGAAGAAGACTTGAACGGATCCTCTAGAGGTGAACA'UU\GTTGATTTCTGAAGAAGATTTGAACGGTG
AACAÄÄAGCTAATCTCCGAGGAÄGACTTGAACGGTGAJ\CAiU\i\i\TTAATCTCAGAÄGAAGACTTG.AACGG
A
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8.3 Appendix
8.3 RT-PCR Product Sequence Results.
The RT-PCR product sequences for bands in Figure 4.1 were approximately 95% similar To Hordeum
vulare ABA binding protein (ABAPI) mRNA, complete cds. Accession AF127388.

Example sequence: ABAPI over-expressing sense Arabidopsis plant line # 114
Sequence was sent with Forward prirner (TAPa) from the vector, highlighted in gray is the MYC tag.
Forward Primer : 5'- GGCCGCTCTAGAACTAGT-3'

ABINNNNGGGTTNNNNNNNNNTTGTGATCTGAGAGATTGACGGTGAACAAAGCTAATCTCCG
AGGAAGACTTGAACGGTGAACAAAAATTAATCTCAGAAGAAGACTTGAACGGATCCTCTAGA
C CTCAÀCAeAAGTTG ATTTCTGAÀG AÀGATTTGAACGGTGAACA fuAÂG CTAATCTCCGAGGA
AGACTTG AACCGTGAACAAAAATTAATCTCAGAAGAAGACTTGAACGGATCCTCiAGAG GTG

AACAAAAGTTGATTTCTGAAGAAGATTTGAACGGTGAACAAAAGCTAATCTCCGAGGAAGAC
TTGAACGGTG AACAAAAATTAATCTCAGAAGAAGACTTGAACGGATCCACTAGTGGATCCCC

CGGGCTCGAGAACAAGTTTGTACAAAAAAGCAGGCTTATGAATTCTCTTAGTGGGACTTACAT
AATGAGGGG GTGCCAGCAACCATTAATAGTTCGATTTGCTGATCCTAAGAGGCCTAGACCTGG

AGAATCAAGGGGTG GCCCTGCCTTCGGAGGTCCTGGTGTCAGTTCTCGATCTGATGCAGCACT
AGTTATCAGGCCGACTGCCAATCTTGATGAGCAAATAGGTCGACACATGCCTCCTGACACTTG
GCGTCCTTCAAGCCCAAGCTCAATGGCACCTCATCAGTTCAATAACTTCGGGTCTGACAATTC
TATGGGCCTGATGGGTGGCCCTGTTACATCAGCAG CAGATAATGTTGCTTTTCCGCCTCAGTTG
TTTCATG G GAGTGGTTCTTTGTCAAGTCAGACAG CTGTG CCGGCATCG TCTCATATGGGCATA
AATCCTTTCTTGTCACAGGGCATCATCTCGGTGGGCCACAGATCCACCCTTGCAAAAACCACT
GGCCTGCAGCAGAATTCCCTGTACAATGCAGATGCTCAGCAGGGCAGCTCATGCTCACATCCT
GGGGCCTGGTCTTTCGCAGATATCCACTATGCATACTGGCACTTCTGTGTACACATGACCACA
AATGTCTCTGCCTTACG CG CTCA CTTAG TCATCATGATCGTTCGGGACACACTTCTCATTTACA
CCATGTCACACATCACAATCTTCAGTCCGTTCTTCCACCG CCTCGTCATTTTTTTCCCAATTTCC
TCCGCCTGCTAGACCGACCCCCATACCCCGGTNNTTNTTTAAAAAAN
Example sequence: ABAPI over-expressing sense Arabidopsis plant line # 114
Sequence was sent with Reverse Primer (Rl0a) from the ABAPI gene, Highlighted in gray is the MYC tag.
Reverse Primer : 5'- GCGACTCTAGACTTAGGAACCTGCGTATGTGGC-3'
AB INNNNGGGTTNNNNNNNNNTTGTGATCTGAGAGATTGACGGTGAACAAAGCTAATCTCCG

AGGAAGACTTGAACCGTGAACAAAAATTAATCTCAGAAGAAGACTTGAACGGATCCTCTAGA
GGTGAACAAAAGTTGATTTCTGAACAAGATTTCAACGGTGAACAAAAG
CTAATCTCCGAGGA
AGACTTGAACGGTGAACAAAAATTAATCTCAGAA GAA G ACTTGAACGGATCCTCTAGAG GTG
AACAAAAGTTGATTTCTGAAGAAGATTTGAACGGTGAACAAAAGCTAATCTCCGAGGAAGAC
TTGAACGGTGAACAAAAATTAATCTCAGAAGAAGACTTGAACGGATCCACTAGTGGATCCCC
CGGGCTCGAGAACAAGTTTGTACAAAAAAGCAGG CTTATGAATTCTCTTAGTGGGACTTACAT
AATGAGGGGGTGCGACCAACCATTAATACTTCGATTTGCTGATCCTAAGAGGCCTAGACCTGG
AGAATCAAGGGGTGGCCCTGCCTTCGGAGGTCCTGGTCTCAGTTCTCGATCTGATGCAGCACT
AGTTATCAGGCCGACTGCCAATCTTGATGAGCAAATAGGTCGACACATGCCTCCTGACACTTG
GCGTCCTTCAAGCCCAAGCTCAATGGCACCTCATCAGTTCAATAACTTCGGGTCTGACAATTC
TATGGGCCTGATGGGTGGCCCTGTTACATCAGCAGCAGATAATGTTGCTTTTCCGCCTCAGTTG
TTTCATGGGAGTGGTTCTTTGTCAAGTCAGACAGCTGTG CCGGCATCGTCTCATATGGGCATA
AATCCTTTCTTGTCACAC GCCATCATCTCGGTGGGCCACAGATCCACCCTTGCAAAAACCACT
GGCCTGCAGCAC AATTCCCTGTACAATGCAGATGCTCAGCAGGG CAGCTCATGCTCACATCCT
GGG GCCTGGTCTTTGGCAGATATCCACTATCCATACTGGCACTTCTGTGTACACATCACCACA
AATCTCTCTGCCTTACGCGCTCACTTAGTCATCATGATCGTTCGGGACACACTTCTCATTTACA
CCATGTCACACATCACAATCTTCAGTCCGTTCTTCCACCG CCTCGTCATTTTTTTCCCAATTTCC
TCCGCCTG CTAGACCCACCCCCATACCCCGGTNNTTNTTTAAAAAAN
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8.4 Appendix
8.4 RT-PCR Products in WT Lane Using a Forward Primer from the pN-TAPa.
Wild Type Band in Figure 4.I .l . I (a)
There was a band in wt lane at the approximate size of 1200 bp. The lane was expected to be empty. The
RT-PCR product was sent for sequencing.
Sequence closest match is cloning vector p7l3-l5l I complete sequence with the Forward primer (TAPa)
from the pN-TAPa vector. 5'- GGCCGCTCTAGAACTAGT-3'. This led to the conclusion that the PCRproduct in this lane was not ABAPI.

ABINNNCCACAGTCTTTGAGAGATTGACGGTGAAAAAAGCTAATCTCCGAGGAAGACTTGAAC
GGTGAACAAAAATTAATCTCAGAAG AAGACTTGAACGGATCCTCTAGAGGTGAACAAAAGTT
GATTTCTGAAGAAGATTTGAACGGTGAACAAAAGCTAATCTCCGAGGAAGACTTGAACGGTG

AACAAAAATTAATCTCAGAAGAAGACTTGAACGGATCCTCTAGAGGTGAACAAAAGTTGATT
TCTGAAGAAGATTTGAACGGTGAACAAAAGCTAATCTCCGAGGAAGACTTGAACGGTGAACA
AAAATTAATCTCAGAAGAAGACTTGAACGGATCCACTAGTGGATCCCCCGGGCTCGAGAACA
AGTTTGTACAAAAAAGCCGGCTTATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTG
CCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGGCACAAGTTCAGCGTGTCCTGCGAGGG
CGAGG GCGATGCCACCTACCGCAAGCTGACCCTGAAGTTCATCTCCACCACCG GCAAGCTGCC
CGTGCCCTGGGCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTG

CTTCAGCCGCTACCC

CGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCCTGCCCCAAGG CTACGTCCAGGAGCG
CACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCG
ACACCCTGGTGAACCGCATCGAGCTGAAAGGCATCGACTTCAAGGAGGACGGCAACATCCTG
GGGCACAAG CTGGAGTTACACTACCACAGCCACATACTCAGGTTCCTAGTCAAAAGTCGACA
AAGGATTNAGGGGAATTCAGATTCCCACGTCTCTGGGCCAAATCAGAGGCCAATATCCATGGT
TGTTCTCTCG CACATA A A AATTTTATCTTCAGAA ACACTTCG GAAATA ACCTTTTCTTTTTGG G
TCTTCTCCCCCTCGAGTCCCCAGTTGTGACAAAAGGGAAAACATGAG GACAAAGACACCATTG
GCCATAAGTATTAAACCTTACTTACACCACCAGGATCCCCTTAAGGTTCATTCGAGCATTGTTG
TACTCATCCGTTTCTTGCCTTCGGTACTACCCCCATCCCACCCTAATTGTTAGTAATTCNCCCT
GACCTTTTGTTTTTTAAATTGTATAATACCTGATCATTTCCTGTGCTG G G GAGACTTTTCGATTC
GTTNTGTATCCCGTGTTG
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8.5 Appendix
8.5 Obser-ved Plant Phenotype in Transgenic ABAPI line 20.
Obserr¡ation of the Barley ABAPl over-expressing line #20. This line had a very "odd"
phenotype and was eliminated from phenotypic data. The phenotype included stunted
plants, light green color and no silique formation as compared to other ABAPI, GFP
transgenic and wild-type lines. It is possible that the ABAP1 was inserted into the
Arabidopsis genome in a location that was detrimental to plant growth. This trait was
visible in the recessive state and only the Heterozygous and Homozygous dominant
plants produced seed.
(a)

(b)

(d)

Figure 5-1. Phenotype of ABAP1 Transgenic Line 20. (a) Demonstrates the srnall size
and yellow color of line 20 plants as compared to the larger green plants of other ABAP I
transgenic lines. (b) Shows the srnall size of line 20 plants at flowering and the last stage
before the plants die. (c) Demonstrates how the line 20 plant does not continue to grow
into a silique forming plant. (d) A pictures of Line 20 seedling on MS-Medium. i/3 of
line 20 plants show the light colol phenotype.
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8.6 Appendix
8.6 Gateway Vectors Used for ABAPI Sense and Anti-Sense Transformation
Gateway vectors used when attempting to transform Arabidopsis plants with ABAPI.
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8.7 Appendix
8.7 Percent Germination of ABAPI Transgenic Seed on Filter Paper
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Figure 8-2. Percent germination of ABAP1 transgenic seed and wild-type seed on
filter paper. Germination was counted over a period of 6 days starting on 3 days after
being removed from a 3 day stratification period. The figure shows that a sense ABAPl
line 21 had higher percent germination then the wild-type seeds. Also, after a 7 day
period the sense lines 92, 24 and 27 had low percent germination demonstrating low
viability.
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8.8 Appendix
8.8 Barley FCA Gene Sequence from GenBank.
GenBank: FJ188402.2

Hordeum vulgare flowering time control protein (FCA) mRNA, complete cds
TTAAGTCAATCCGCCCGGCGCCAGGCGGCCGCGGGAATCGATTGTCA'UU\CCCTAGCCACCTTCTGCCTC
CACATGCACCGCGGCAGCGACCGCTCCGCCGACCCTTCAGGCCCCGCGGGCGCCGCCCGCAGCGGCGGGG
ACGGCAGATTCGCGCGCGGACCCTCACGCTGGTCCGGCGGCGGCGGGGGTAGCCCCCCGCCCCACCGCTC
CTCCCGCGGCGGGAGCAGCGACGGCGGCGGAGGCGGAGGCGGAGGCGGAGGCGGGAGGCTCCATCCGTAC
CGTGCGCCGTCTGAÄTACGTTGTTGGCGGTGGTGGAACTGGAGGGTACAGAGGCGGCGGCGGCGACTTTG
ATGAGACGGCCGGTGGAGCGAJ\GAGCCGTTACGGAGGCGGTGGCGGCGGAGGCCGTGGAGACTACTCAGA

TCATGATAACAiU\i\GTGGTTATGTTAiU\CTTTTCGTTGGATCAGTTCCAAGAACAGCAAATGAAGATGAT
GTTCGACCTTTATTTGAGGATCATGGAGATGTTCTTGAAGTTGCTTTGATCAGGGATAGGNUU\CTGGTG
AACAACAAGGCTGTTGTTTTGTTAAATATGCTACTTCCGAAGAGGCCGAGAGAGCCATCAGAGCTCTGCA
TAACCAGTGCACTATACCCGGGGCGATGGGCCCTGTTCAGGTTAGATATGCTGATGGTGAJUU\GGAGCGT

CATGGGTCTATTGAGCACA'U\TTGTTTGTTGCATCACTGAATAAGCAGGCAACTGCAAAGGAGATAGAAG
AGATTTTTGCTCCTTTTGGTCATGTGGAAGATGTTTACATCATGAAAGATGGCATGAGGCAGAGCCGAGG
CTGTGGCTTTGTCAÄATTCTCATCAAÄAGAACCTGCACTTGCAGCCATGAATTCTCTTAGTGGGACTTAC
ATA,ATGAGGGGGTGCGAGCAACCATTAATAGTTCGATTTGCTAATCCTAAGAGGCCTAGACCTGGAGAAT
CAAGGGGTGGCCCTGCCTTCGGAGGTCCTGGTGTCAGTTCTCGATCTGATGCAGCACTAGTTATCAGGCC
GACTGCCAATCTTGATGAGCAAATAGGTCGACACATGCCTCCTGACACTTGGCGTCCTTCAAGCCCAAGC
TCAÄTGGCACCTCATCAGTTCAATAACTTCGGGTCTGACAATTCTATGGGCCTGATGGGTGGCCCTGTTA
CATCAGCAGCAGATAATGTTGCTTTTCGGCCTCAGTTGTTTCATGGGAATGGTTCTTTGTCAAGTCAGAC
AGCTGTGCCGGCATCGTCTCATATGGGCATAAATCCTTCCTTGTCACAAGGGCATCATCTCGGTGGGCCA
CAGATCCCACCCTTGCA'UU\GCCAACTGGCCTGCAGCAGAATTTCCCTGTACAATTGCAGAATGCTCAGC
AAGGGCAGCTTCATGCCTCACAATCCTTGGGGCCTGGTTCTTTTGGCCAGAATATACCAACTATGCAATT
ACCTGGCCAGCTCCCTGTGTCACAACCATTGACGCAGCAiUU\TGCTTCTGCATGCGCTCTACAGGCGCCT
TCAGCTGTACAGTCCAATCCCATGCAATCTGTTCCTGGACAACAACAACTTCCATCCAATTTAACACCAC
AAATGCTACAGCAGCCAGTCCAGCAGATGCTGTCACAAGCTCCACAGTTGCTACTCCAACAGCAGCAGGC
AGCTATGCAGTCCAGTTATCAATCTTCACAGCAGACGATTTTTCAGCTTCAGCAÀCAGCTGCAACTAÄTG
CAGCAGCAGCAGCACCAGCAGCAGCCTN\CTTAiU\TCAGCAGCCACATACGCAGGTTCCTAAGCAÄCAGG
GACAGCCAGTGCAATCTAATGCCCCTGGTGCTCCGGCTGCCATGATGACGACA,AACATAÄATGCAATTCC
ACAGCAGGTCA-ATTCGCCTGCAGTTTCTTTAACTTGCAATTGGACAGAACATACCTCACCTGAAGGTTTT
Ai\i\TATTACTACAATAGCATAACTCGAGAGAGTAAGTGGGAÃÄAGCCTGAAGAATATGTACTGTATGAGC
AGCAGCAGCAGCAGCAGCAGCACCAGAAACTTATTTTACTTCAACAGCACCzu\CA'\'U\GCTTGTTGCGCA
GCAACTTCAGTCACCTCCTCAGGCTCAÄÀCAATTCCATCTATGCAATCTATGCAACACCATCCCCAGTCG
CAGCAÄGGACATAACCAÀATGCAGATGAAACAGCAGGATTTAAACTATAATCAGTTACAGCCAACGGGCA
CGATTGATCCCAGTAGGATTCAGCAGGGAATTCAAGCTGCTCAAGAGCGTTCTTGGAl\;\l\GTTGACTGCA
GGTGGATGAATGATGTGTCAGCGAAGACTCCAGTCTCAGGAATGAGCTCCAGCAAGACCTGCCGCTTCTG
CCTGTGACGGTGTTTTTTGCCTTCGCGCGGATGGCCATGTTGGCCCTTGCGGTCATTGTAACTCTGAATT
TAGCTTAGATTAGTGCCTAGATTGTAGATCCGATGTGTGTA,UU\TGTTTGCAGTCTAGGCCTTGTATCGC
TGTAACATTGCCTATTAGAATGGCAGCTGTGTGTCGCTGTAACATTCAGTGTTTTTATCTACCTTTTTTA
TGGCCAGAGT TGCCG TCT CATATGCAT TAGCAT TGCTATT NUUU\\'U\iA AiUU\,UUU\

l0i
8.9 Appendix
8.9 Barley and Arabidopsis Actin Gene Sequences and Primers for RT-PCR.

Actin Primers:
HvActin F' 21 mer: 5'-AGCAACTGGGATGACATGGAG-3'
HvActin R' 20 mer: 5' - CTACCTTGATCTTCATGCTG - 3'
GenBank: 4Y145451.1
Hordeum vulgare actin mRNA, complete cds. The Gray highlight demonstrates the forrvard and
reverse primer sequences for Barley Actin.
GAATTCCATTCTGTAGGAAATGGCTGACCGTGAGGACATCCAGCCCCTTCTCTGCGACAATGGAACCGGAATGGTCAA
CGCTGGTTTCGCTGGAGATGATGCCCCAAGGGCTCTTTTCCCTAGCATAGTTGGTCGCCCTCGGCACACTGGTGTCATG
GTACGGATGGGGCAGAAGGATGCTTATGTTGGTGATGAGCCGCAGTCCAAGAGAGGTAI'CCTCACGCTCAAGTACCCC

ATCGAGCACGCteTCCTeÁCc,

,qClCCC¡,TCACATGçAGAAAATCTGGCATCACACTTTC'|ACAATcAcCTCCcTGTG

CCACCCGAGGAGCACCCTGTGTTGCTCACTGAGGCCCCTTTGAACCCAAAAGCCAACAGAGAGAAGATGACCCAGATT
ATGTTTGAGACTTTCAATGTTCC'|GCCATGTACGTCCCTATTCAGGCCGTGCTTTCCCTCTATGCAACTGGTCGTACTAC
TGGTATCGTTCTCGACTCTCGTGATGGTGTCAGCCACACTGTGCCCATTTATGAAGGATACGCGCTTCCCCATGCCATTC
TTCGTTTGGATCTCGCTGCTCGGGATCTCACGGACTCCCTTATGAAGATCCTCACCGAGAGAGGTTACTCCTTCACAACC
TCAGCTGAGCGGCAAATTGTAACGGACATCAAGGAGAAGCTTGCGTACGTTGCCCTTGATTATGAACAGGAGCTGGAG
ACTCCCAAGAACACCTCCTCAGTTGAG/\/\GAGCTACCAGCTTCCTGATGGTCAGG'IGATCACCATTGGCGCAGAGAGG
TTCAGGTGCCCTGAGGTCCTCTTCCAGCCATCCATCATCGGCATCGAGTCTTCTCGAATCCACGAGACGACCTACAACT
CCATCATGAAGTGTCACGTGGATATCAGGAAGGACTTGTATGGAAACATCGTGCTCAGTGGTGGCACAACTATGTTCCC
AGGTATCGCTGACCGTATGAGCAAGGAGATCACCGCCCTTGCTCCGAGCÁCCaTô44CATCAAGGTCCTCGCTCCACC
TCAGAGGAAGTACAGTGTCTGGATCGGAGGCTCCATCCTAGCCTCACTCAGCACTTTCCAACAGATGTGCATATCCAAG
GATGAGTACGACGAGTCTCGCCCAGCGATCCTCCACAGGAAGTGCTTCTGATCTCCACGAGCGCTCCACTGCTGTTATC
ATCTAGTCTTCGGTTATGTTTGGTTCI\TTCTTCTAGAA,,\TGTATTGCGTATTTGCA,,\GCTATGTTTTT.ITCCAGACGTGAC
GTGGCTACTCTTGGGATACGCCACCTATATACGTGCCGGCTCCATGGTCCAAGTGCAAGTACACTATCTATGTTTGTGC
ATTGTCAGTGTCTTTGTCGGATCAGTTCTCAAACTTGGGTTGGCTTGATTTGTTGTTGGCAATTGTCTGTAAAGGAAI'TC

Arabidopsis thaliana ACTS (ACTIN 8); structural constituent of cytoskeleton (ACT8) mRNA,
complete cds. The Yellorv Highlighted area is to show the presence of the barley actin primer sequences found
in Arabidopsis thaliana.
CCTATATAAATACTTCAÁ.CACTCGGI-TTATTTCTTCTCCCCTCTTTGAATTCCCTCCTCGTCTTCAGC'TT
CATCGGCCGTTGCATTTCCCGGCGA.TAAGAGAGACAAAGAGCAGAA,,\GAGTGAGCCAGATCTTCATCCTC
GTGCTTCTTGTTTCTTCCI'CGATCT'CTCGATCTTCTGCTTTTGCTTTTCCGATTAAGATCGTAGACCATG
GCCGATGCTGATGACATTCA,A,CCI'ATTGTCTCI'CACAATGGTACTGGAATCGTTAAGGCTGGATTCGCTG
GAGATGATGCTCCCAGAGCGGTTTTCCCCACTGTTGI'I'GGTCGACCTACACATCATGGTGTCATGGTTCG
GATGAATCAGAAAGATCCGTATGTTGGTGATGAACCACAATCCAAAAGAGGTATCCTCACATTGAAATAC
CCTATTGACCATGGTGTTGTTAGCAACTCCGATGACATGGAGAAGATTTGGCATCACACTTTCTACAATG
AGCTCCGTATTCCTCCTGAAGACCACCCGGTTCI'ACTTACCCAGGCTCCTCTTAACCCAAAACCCAACAG
I\CAGAAGATGACTCAGATCATGTTTGAGACCTTTAATTCTCCAGCTATGTATGTTGCCATTCAAGCTOTT
CTATCACTTTACGCCAGTGGTCGTACAACCGGTATTGTGTTGGACTCTGGTGATGGTGTGTCTCACACTG
TGCCTATCTACGACGGTTTCTCACTTCCACATGCTATCCTCCCTCTCCACCTTGCTGGTCGTGACCTTAC
TGATTACCTCATCAAGATCCTTACCGAGAGAGGTTACATGTTCACC/\CAACAGCAGAACGGGAAATTGTG
AGAGACATCAAGGAGAAGCTT'I'CCTTTGTCCCTGTCGAC'TACGAGCAAGAGATGGAGACCTCGAAAACCA
CCTCCTCCATCGAAAAGAACTATCAATTACCCGACGCACAAGTGATCACGATCGGTGCTGAGAGATTCAG
CTCCCCAGAAGTCCTTTTCCAGCCATCATTTGTTGGAATGGAACCTGCAGGGATCCACGAGACAACTTAC
AACTCGATC,ATGAAGTGTGATGTTGATATCACGAAGGACCTTTACGGTAACATTCTCCTCAGTGGTCGTA
CAACTATGTTCTCACCTATl'GCAGACCGTATCAGCAAAGAGATCACAGCTCTTGCCCCGACCAGC,,\TGAA
GA'ITAAGCTCCTGGCACCACCCGAGACGA^CTACAGTGTCTGGATTGGTGGTTCTATCCTTGCTTCCCTC
ACCACTTTCCAGCAGATGTGGAI'CI'C-f AAGGCAGACTATG ATGAAGCAGGTCCACGCATTGTCCACACAA
AATCCTTCTAAACTAAAGAGACATCCTTTCCATGACGGGA'ICACATTTCTTTCTATTTCTCCAATTTGTT
TGTTTCAAATTTTTTTCCCCTTTGTCATTTGTCCACTATGTGA,GAAACTTTCCGGTTACAGCGTTTGGAG
AGATGTCI'AACGAGGACCAGCTTTGAAAACCCGCTCTCCCTCT'|ACCTGAGGCACTAATCCGCGTTTCAA
AC'fC,AGCTTCATTCTCTA'T'fCTTCTCCATTTGI'I'TGTTTGTl'TGTAGCCTCTTCAAACTCGGATAAAA^.C
AAAAGTTTTTCGACTATTGATATTTCTACT'T'f
A'|TTGACAGAATTTCTGTGTTAGGAACTATCACAACAA

ATTCCAAAAATTACCTATTCI-I'ACCCT

r02
Positive control for PCR using Barley Actin Primer resulting in a band in Arabidpsis
Sequence most similar match is Arabidopsis Actin 8. With actin F' primer. Highlighted in Yellow is
a portion of the barley Actin Primer sequence used for the PCR.
ABINNNNNNGGAGACACTTTCAATGAGCTCGTATTGCTCCTGAAGACACCCGGTTCTACTTACCGAGGCTCCTCTTAACC
CAAAAGCCAACAGAGAGAAGATGACTCAGATCATGTTTCAGACCTTTAATTCTCCAGCTATGTATGTTGCCATTCAAGC
TGTTCTATCACTTTACGCCAGTGGTCGTACAACCGGTATTGTGTTGGACTCTGGTGATGGTGTGTCTCACACTGTGCCTA
TCTACGAGGGTTTCTCACTTCCACATGCTATCCTCCGTCTCGACCTTGCTGGTCGTGACCTTACTGATTACCTCATGAAC
ATCCTTACCGAGAGAGCTTACATGTTCACCACAACAGCAGAACGGGAAATTGTGAGAGACATCAAGGAGAAGCTTTCC
TTTGTCGCTGTCGACTACGAGCAAGAGATGGAGACCTCAAAAACCAGCTCCTCCATCGAAAAGAACTATGAATTACCC
GACGGACAAGTGATCACTATCGGTGCTGAGAGATTCAGGTGCCCAGAAGTCCTTTTCCAGCCATCATTTGTTCGAATGG
AAGCTCCAGGGATCCACGAGACAACTTACAACTCGATCATGAAGTGTCATGTTGATATCAGGAAGGACCTTTACGGTA
ACATTGTGCTCAGTGGTGGTACAACTATGTTCTCACGTATTGCAGACCGTATGAGCAAAGAGATCACAGCTCTTGCCCC
GAGCAGCATGAAATCAAAGGTAGAAGNTTNCTCCATGTTCAACACGAATGCTGACCNTATGAACGAACAGTACACAAC

TCTTGCCCCTAGTAGCATGAAGAACAAAGTAGATGGAAATTAGAAACGGNTGAAGAAAAAAACACCGCTTGAATCCA
AGCAGCCGGAAATGCAGAAAGNNNCTGCGGTCAATTTTTTTAAAAAGCTGAAATTTTGTTCATAAGCAAAATACCAGA
AAACCTGTAAAAACCGTCTGAGAAACATTTCCGAAACACTCCGAAAACAAGGGGGCAAAAGTATCCAACAAAACTGA
ATCTGCTAGACAAAAACAAAGGAGGAGAAAAAANTTANAAATTATGTCACTTAAATGGGGGATATTTAAAGGGAAAA
AAAAACTTATTCACGGAAAGACGTGACCAATAAAAGAGTCAAAAAACCCGAGAAGGANNAANANAAGTTTCCTCAAA
ANNTNAGAAATCCCTTTTTTTNNNNNNNNNNNNNNNNNNCNGGGGGCGGACNNNNACAAAAAAGGGAAATAA

