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Abstract

Plant hormones are responsible for plant growth and adaptation to the
environment. Among them the most important are cytokinins. Plants undergo
gene silencing processes called homology-dependent gene silencing processes.
In Arabidopsis there are two homology-dependent gene silencing genes that
were chosen for further study, namely AtHOGI and AtHOG2. Transgenic
plants were generated previously with ten different constructs containing
AtHOG]I or AtHOG?2 genes and were used in this study. Some of the constructs
had GFP attached so that the protein expressed could be visualised in a
confocal microscope. Transgenic plants generated were T1 and T2 generations.
Their DNA was extracted from leaves. By means of PCR transgenic plants
were identified. There were 147 samples. Among them there were 39 positives
with BAR primers and 32 positives with construct specific primers. The
localisation of the HOG2 protein was observed in a confocal microscope.
Seeds used were T3 generation and were obtained from the lab. HOG2 protein
was found to be localised in cell membrane, root tip and chloroplasts.
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Abbreviations

AS antisense

ATHCBP Arabidopsis thaliana cytokinin binding protein
CBP57 cytokinin binding protein 57

ER endoplasmic reticulum

gDNA genomic DNA

GFP Green Fluorescence Protein

HDG silencing homology-dependent gene silencing

bp base pair

MS medium Murashige and Skoog plant growth medium
OE overexpressing

SAHH S-adenosyl-L-homocysteine hydrolase

SAH S-adenosyl-L-homocysteine

Ti plasmid tumour-inducing plasmid

WT wild type



1. Introduction

1.1.Overview

Plant hormones have an important role in plant development. They are
responsible for their growth and adaptation to the environment (Godge ef al.,
2008). However hormones are present in plants in very small amounts. It is
also difficult or impossible to isolate and purify their biosynthetic and catabolic
enzymes which are low-abundance proteins. For this purpose it is necessary to
clone the gene and express it as a fusion protein with which the catalytic
function can be determined. One of the most important groups of plant
hormones are cytokinins. They are adenine-derivatives (Kende and Zeevaart,
1997). Cytokinins are responsible for growth and plant development. They
have influence on branching, leaf development, cell division and shoot bud
induction in vitro (Godge et al, 2008). Several bacteria, such as
Agrobacterium, are used to produce cytokinins (Kende and Zeevaart, 1997).

Mitsui ef al. (1993) isolated from a tobacco cDNA library a gene encoding for
cytokinin binding protein (CBP57). There is a significant homology between
CBP57 and S-adenosyl-L-homocysteine hydrolase (SAHH) from other
organisms. SAHH is an enzyme that catalyses the reversible hydrolysis of S-
adenosyl-L-homocysteine (SAH), which is a methyl transferase inhibitor
(Chiang, 1998; Mitsui ef al., 1993). SAHH is an important enzyme involved in
the maintenance of the methylation potential in cells (De Clercq et al., 1989;
Miller et al., 1994; Tanaka et al., 1997). Studies of Li et al. (2008) show that
reduced level of methylation was correlated to the decrease of the SAHH
transcript abundance and the knockout of SAHH gene expression in
Arabidopsis induces cytokinin accumulation (L1 et al., 2008). SAHH activity
can be inhibited by adenine and adenosine and their derivates (Chiang, 1998).
The highest level of expression of CBP57 gene in tobacco is in roots and the
lowest in leaves (Mitsui et al., 1993). SAHH regulates transmethylation
reactions as it was shown by Tanaka ef al. (1996) in their study of SAHH. It
was reported that the expression of this gene is induced during the early stage
of in vitro flower bud formation in tobacco. The greatest expression of the gene
was in pistils and roots. Based on those results it was assumed that SAHH is
involved in differentiation and development of higher plants through regulation
of intracellular methylation reactions such as DNA methylation (Tanaka et al.,
1996). In the further study Tanaka et al. (1997) investigated the involvement of
SAHH in DNA methylation. Transgenic tobacco plants expressing antisense
RNA of tobacco SAHH were created. The amount of SAHH mRNA in those
plants was decreased. Methylation of DNA was also reduced which resulted in
phenotype changes in the transgenic plants. Transgenic plants due to the
antisense inhibition of the SAHH gene cause to accumulate SAH and it
consequently led to a decrease in DNA methylation though the inhibition of
methyl-transferases by SAH. Therefore SAHH which is involved in DNA
methylation affects the regulation of gene expression and as a result transgenic
plants have altered phenotypes. The studied plants had higher level of



cytokinin in their leaves. It can be due to hypomethylation of DNA. Through
the changes in gene expression cytokinins levels are increased as a result of
alteration of its biosynthesis, metabolism or signal transduction pathway
(Tanaka et al., 1997). SAHH was proposed to be a cytokinin-binding protein
(Masuta et al., 1995). Down-regulation of SAHH affects the expression of
cytokinin pathway genes, and cytokinin positively regulates the
transmethylation cycle and DNA methylation (Li ef al., 2008).

Plant gene silencing appears when DNA is increasingly methylated as show
results in maize (Das and Messing, 1994) and Arabidopsis (Jacobsen and
Meyerowitz, 1997). There are many silencing processes that make DNA
inactive. Overall all silencing processes are called homology-dependent gene
silencing (HDG silencing) (Furner et al., 1998). Rocha et al. (2005)
investigated two homology-dependent gene silencing genes AtHOG! and
AtHOG2. Mutations in AtHOGI gene result in genome-wide demethylation
due to transcriptional gene silencing and methylation-dependent HDG
silencing. However mutations in AtHOG2 did not cause any problems with
growth, fertility or DNA methylation. hogl-I plants show reduced SAH
hydrolase activity and it has been suggested that 4tHOGI codes for SAH
hydrolase 1. AtHOGI gene mutations were embryo lethal. Embryos were
zygotic and could not be made homozygous. It suggests that SAH hydrolase
activity is necessary for the embryos to survive. Point mutations in hog/ are
leaky and as the result the genome is demethylated. Demethylation resulted in
relief of transcriptional gene silencing. Plants with these mutations have low
fertility and grow slowly. It has been suggested that the observation of the
mutation in the 3’ end of the gene coding for SAH hydrolase 1 can mean that
this enzyme is the product of the AtHOGI gene. Even though AtHOGI and
AtHOG?2 have over 86% sequence similarity, embryonic lethality occurs only
in AtHOGI1 mutations. This fact suggests that both genes have different
functions. At the protein level the sequence similarity is 96%, but it was
observed that the S4H hydrolase 2-tagged mutant did not resemble any traits
found in hogl-1 mutants (Rocha et al., 2005).

Godge et al. (2008) reported a full-length cDNA that codes for cytokinin
binding protein in Petunia hybrida. cv Mitchell (PETCBP cDNA). This
sequence has 85-90% sequence similarity to SAHH gene from many plant
species, such as Arabidopsis thaliana, Brassica alboglabra, chrysanthemum,
amaranthus and rice. Godge et al. (2008) also cloned two genes, AtHOGI and
AtHOG2, from Arabidopsis thaliana. These genes have similar sequence to
PETCBP and SAHH (Godge et al., 2008). The gene AtHOG] is the same as
ATHCBP, which stands for Arabidopsis thaliana cytokinin binding protein
(Godge, 2007). Comparison of PETCBP to AtHOGI and AtHOG2 shows 78%
sequence similarity at the nucleotide level for AtHOGI and 73% for AtHOG?2.
AtHOGI and AtHOG?2 are expressed in Arabidopsis at higher level in the
leaves and inflorescence stem. Experiments done by Godge et al. (2008) show
that transgenic Arabidopsis plants with antisense suppression (AS) have
profuse branching, increased leaf size and increased seed yield. These features
show that such strategy for production of transgenic plants can be used in
variety of crop species to improve yield and increase biomass and seed yield.
On the other hand the same kind of experiment with AS Petunia plants show



opposite results. Transgenic Petunia plants expressing antisense PETCBP had
delayed development. The plants developed flowers after 6.5 months. WT
plants needed only 5 weeks to develop flowers. These transgenic plants had
overall delayed senescence (Godge et al., 2008). Similar results were reported
in transgenic tobacco plants. The suppression of SAHH gene lead to dwarfing,
reduced apical dominance and delay of leaf senescence (Tanaka et al., 1997).

Endogenous cytokinin levels are responsible for such contrasting phenotypes.
AS lines had cytokinin concentration increased compared to WT plants. This
led to profuse branching and gain of biomass. Therefore it was suggested that
AtHOG] is directly involved in regulating cytokinin responses during plant
development and this gene is primarily a cytokinin binding protein that might
play an important role in modulating the cytokinin signal transduction
pathway. AtHOGI1 protein can influence both cytokinin mediated development
and also it has the influence on DNA methylation (Godge et al., 2008).

Green Fluorescence Protein (GFP) is used to visualize proteins with which it is
fused. GFP was first discovered in the bioluminescent jellyfish Aequorea
victoria and it was soon used in fluorescent microscopy to visualise the protein
localisation in cells (Prashera ef al., 1992). GFP is efficiently expressed, emits
the light strong enough to be detected and is non-toxic. It has also
photostability. This fact is important because during the experiment the
fluorescence does not decrease. It can be easily fused with the protein of
interest without changing the function of the protein (Shaner ef al., 2005).

Binary vectors are used to clone the gene of interest. These vectors can
replicate both in E. coli and Agrobacterium. The gene is cloned between the
left and the right T-DNA borders. Rapid cloning in plants is achieved thanks to
GATEWAY technology. This system expression is used to express
recombinant proteins fused to fluorescent tags (Earley et al., 2006; Karimi et
al., 2002). Protein-protein interactions can also be studied with the help of
fluorescence proteins (Bracha-Drori et al., 2004). Although binary vectors are
very useful, they are difficult to manipulate, because of their large size. There
are already many fluorescent proteins known and still new ones are discovered.
It is difficult to incorporate them in these large binary vectors (Zhong et al.,
2008). To overcome this problem a smaller binary vector was created called
pGreen. It is only 3 kb in size and is easy to manipulate. However to function it
needs another helper plasmid pSOUP. Only when this plasmid is present,
pGreen can replicate in Agrobacterium. pGreen has an extensive multiple
cloning site and it is easy to develop it further for Agrobacterium
transformation technology (Hellens et al. 2000). pGreenll (Fig. 1) is a vector
that has the BASTA resistance gene. This gene is used to select transgenic
plants from non-transgenic (Zhong et al., 2008).
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Figure 1 pGreenll 0229, modified from http://www.pgreen.ac.uk/JIT/pGreen0000_fr.htm

Agrobacterium tumefaciens is responsible for crown gall disease in plants
(Smith and Townsend, 1907). Tumor-inducing (Ti) plasmid is responsible for
the disease (Van Larebeke ef al., 1974; Van Larebeke et al., 1975; Zaenen et
al., 1974). Only part of this plasmid is transferred to the plant cells, it is T-
DNA (transfer DNA) (Chilton et al., 1977, Chilton et al., 1978, Depicker et al.,
1978). T-DNA contains opine genes. These are amino acid-like compounds.
They are secreted into the tumour and then used by Agrobacterium as the
source of carbon and nitrogen (Krishnan ef al., 1991). Opines are dependent on
the infecting strain (Goldman et al., 1968, Petit et al.1970). Loss of virulence
always also mean the loss of the ability to degrade a specific opine (Petit and
Toumeur, 1972). Agrobacterium that is deprived the virulence genes was used
in biotechnology for the first time by Schell and Van Montagu as delivery
system for genetic engineering in plants (Schell and Van Montagu, 1977).
Later it was reported by Zambryski ef al. (1983) that the plasmid T-DNA can
be transferred to the plants and carry the gene of interest to the plant without
causing any tumour or giving any unpredicted properties to the plant. This
method has been used in genetic engineering (Zambryski P. et al. 1983).
Agrobacterium plant transformation is used to transform Arabidopsis by floral
dipping. Flowers of Arabidopsis are dipped into a broth of Agrobacterium.
This method is used to introduce the gene of interest to the plant (Clough and
Bent, 2008; Desfeux et al., 2000). This method had been used in the NUS
laboratory to produce transgenic plants used for further study on AtHOG1 and
AtHOG?2 proteins.

Proteins with merged GFP can be observed in a confocal microscopy to see
their sub-cellular localization (Brandizzi et al., 2004; Hanton and Brandizzi,
2006; Mathur, 2007). Stefanowa et al. (2008) used this method to observe the
chimeric A9-GUS-GFP protein. Seven day old seedlings were used for
microscopy. In this study the protein was directed to the ER. Large amounts of
the fluorescent protein accumulated in the ER and at the cell surface. Thanks to
that, the ER network and apoplast of the leaf cells were clearly visible.
However the fluorescence signal was so strong that it did not allow to study in
details the interaction between different endomembrane compartments. In
order to overcome this problem cold pretreatment and photo bleaching were
used. Cold pretreatment reduced significantly the level of GFP fluorescence in
the leaf cells. Photo-bleaching was used to study further the mode of secretion



of the A9-GUS-GFP protein. The fluorescence was reduced and thanks to this
it was possible to observe the secretion of the reporter protein to the apoplast
(Stefanova et al., 2008).

1.2. Aim

This project consisted of two parts. In the first part transgenic seeds previously
generated in NUS lab were sown to produce T1 and T2 generations of
transgenic plants. These plants contained 10 different constructs. New grown
plants were mostly non-transgenic and therefore the herbicide BASTA was
used to select only transgenic plants. To confirm that only transgenic plants
survived genotyping was used. The other part of the project was to observe in a
confocal microscope the localization of AtHOGI and AtHOG2 protein in T3
plants. The purpose of the whole study was therefore to generate transgenic
plants producing AtHOG1 and AtHOG?2 proteins and observe their localisation
in the plants.

2. Methods

2.1.Cleaning of the seeds and stratification

Seeds from transgenic plants, previously generated in NUS laboratory, were
collected and cleaned. Transgenic seeds had 10 different constructs namely: (1)
35s::AtHOG1 AS, (2) 35s::AtHOG1 OE, (3) 35s::AtHOG1 myc, (4)
35s::AtHOG1-GFP, (5) 35s::GFP-AtHOGI1, (6) HOGI1::AtHOG1-GFP, (7)
AtHOGI1::GFP, (8) 35s::AtHOG2-GFP, (9) 35s:AtHOG2, (10)
AtHOG2::GFP. Seeds were separated into different eppendorf tubes depending
on the constructs. Seeds with addition of 1 ml of water were kept in the
darkness for five days at 4 °C for stratification. After five days seeds were
sown in autoclaved soil.

2.2.Plants genotyping - gDNA extraction from plant leaves

From each plant two leaves were collected (or three if they were very small).
They were placed into 2 ml eppendorf tubes and placed immediately in liquid
nitrogen. All leaves were ground to powder. To each tube 350 pl of pre-heated
Dellaporta’s extraction buffer (Appendix 1) was added and incubated for 15
minutes at 65 °C. During incubation samples were mixed thoroughly but
gently. Afterwards 125 pl of SM Kac was added, mixed vigorously and then
kept on ice for five minutes. Samples were centrifuged for eight minutes at
14000 rpm and supernatant was transferred to fresh 1.5 ml tubes. 900 pl of
ethanol was added to each tube, mixed gently and centrifuged for eight minutes
at 14000 rpm. The supernatant was discarded. Pellets and any residual liquid
were centrifuged again for 30 seconds at 14000 rpm and the rest of supernatant
was pipetted out. The pellets containing DNA were air dried at room
temperature for 10 minutes. Pellets were dissolved on 30 pl of nuclease free
water. Samples were kept at -20 °C until PCR was performed.



2.3.PCR amplification of genes from 10 constructs from
transgenic plants

PCR conditions and the reagents used are presented in Table 1.

Table 1 PCR conditions and the amount of the reagents used

step Tem time Number Reagents Amount

pera of used 1]
ture cycles
°C
Initial 1 95 4 min 1 Buffer 2.2
denaturation
Denaturation 2 95 45 s dNTP 0.4
Annealing 3 60 30s 35 Forward 0.5
primer
Extension 4 72 30s Reverse 0.5
primer
Final 5 72 10 min Template 2.0*
extansion
Taq 0.2
polymerase
Water Up to 20

* For samples with the concentration lower than 100 ng/ul the template taken
was 5 ul, but volume of other reagents was kept the same.

2.4.Surface sterilisation of seeds

Seeds were first soaked for five minutes in sterile deionised water. Water was
just covering the seeds. After soaking seeds were washed with 75% ethanol for
two minutes. Afterwards seeds were washed with 10% bleach for five minutes.
Seeds were later washed five times with sterile deionised water. Seeds were
kept in eppendorf tubes covered by sterile water and were placed to 4 °C for
five days for stratification. Tubes were covered with metal foil to keep the
seeds in complete darkness. After this time seeds were sown on MS medium
for two days at 22 °C with 16 hours light each day. Plates with MS medium
and seeds were kept in a vertical position. Afterwards seedlings were used for
the microscope observations. Seeds contained HOG2 gene with GFP to allow
observation in a confocal microscope.



2.5.Confocal microscopy

Confocal microscope used was LSM 510 Meta, Carl Zeiss, Axiovert 200M
with objective EC Plan-Neofluar 100x/1.3 oil.

3. Results

3.1.Selection of transgenic plants with the herbicide BASTA

Seedlings of T1 generation and few of T2 generation with transgenic genes
were sown in the soil. T1 generation however does not contain many
transgenic seeds and therefore few days old seedlings having four cotyledons
were sprayed with BASTA herbicide to select only transgenic plants (Fig. 2).

Gl s b e . s : o c
Figure 2 (a) Four cotyledons seedlings before BASTA selection (b) after spraying with
BASTA herbicide, white colour indicates seedlings that died after spraying and green are
plants with BASTA resistance gene (c) a transgenic plant cleaned from dead seedlings.

3.2. Transgenic plants genotyping

Plants that survived BASTA selection were later used for genotyping to ensure
they are really transgenic. To be able to perform PCR first concentration of all
samples was checked and plants were divided depending on the construct they
had (Table 3, Appendix 2). Later PCR was performed to amplify the genes of
interest. There were four types of primers used: Bar primers (Fig. 3, Fig. 4, Fig.
5), GFP primers (Fig. 6, Fig 7) and OE/AS and myc (Fig. 8). The PCR
products were visualised on 1% agarose gel using 100 V.

3.2.1. Amplification of all samples 1-150 with Bar primers

Bar primers were used to amplify all samples, because all of transgenic plants
should have the BASTA resistance gene. Primers used were: forward 5' GCA
CCA TCG TCA ACC ACT AC 3'and reverse 5' GTC ATC AGA TTT CGG
TGA CG 3.
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Figure 3 PCR amplification with Bar primers of samples 1-78 (not in order). Amplified
samples are 39, 65, 14, 17, 72,9, 4, 2, 52, 6, 42, 53, 11, 44, 70, 47, 7, 46, 12, 33, 23, 51, 63,
60, 16, 77

Figure 4 PCR amplification with Bar primers of samples 1-78 (not in order). Amplified
samples are 3, 78, 64. P is a positive control. N is a negative control.
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Figure 5 PCR amplification with Bar primers of samples 79-150. Amplified samples are
80, 93, 96, 97, 134, 135, 142, 144, 149, 150. P is a positive control. N is a negative control.

3.2.2. PCR amplification of samples containing GFP

Samples that contain GFP were amplified with GFP primers: forward 5° GCG
TGC AGT GCT TCT CCC GT 3’ and reverse 5 AGT GGT GGT GGT GGA
GGT GT 3°.

Figure 6 PCR amplification of samples containing GFP with GFP primers. Samples 28-35
contain 35s::GFP-AtHOGI1 construct, 134-150 contain 35s::AtHOG1-GFP, 42, 44, 45 contain
AtHOG1::AtHOG1-GFP, 46, 49, 50 contain 35s::AtHOG1-GFP, 43 contain AtHOGI1::GFP,
93-118 contain 35s::AtHOG2-GFP, 119-124 contain AtHOG2::GFP, 36 37, 37 contain
35s::GFP-AtHOG]1. Samples that were amplified: 137, 144, 149, 150, 42, 44, 45, 46, 49, 50, 94,
116.
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Figure 7 PCR amplification of samples containing GFP with GFP primers. Samples 3§,
40, 41 contain 35s::GFP-AtHOG1 construct, 132, 133 contain 35s::AtHOG1-GFP, 125-
131 contain AtHOG2::GFP, 139, 140 are duplicates containing 35s::AtHOG1-GFP. P is a
positive control. N is a negative control. Amplified samples are 39, 40, 133, 126, 128, 129,

140.

3.2.3. PCR amplification of samples with OE/AS and myc
primers

The same primers were used for samples containing OE and AS constructs.
Forward primer: 5' GAC CCT TCC TCT ATA TAA GGA AGT 3' and reverse
primer 5' CCT TAT CGG GAA ACT ACT CAC AG 3'. For myc constructs
other set of primers were used: forward primer 5' GAC CCT TCC TCT ATA
TAA GGA AGT 3' and reverse primer 5' TTT GAC AGC TTA TCA TCG
GAT CTA GT 3.

10
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Figure 8 Samples amplified with OE/AS primers for 35s::AtHOG1 OE and 35s::AtHOG1
AS and myc primers for 35s::AtHOG1 myc. Samples 20-78 contain 35s::AtHOG1 OE
construct, 1-86 contain 35s::AtHOG1 AS, 22-92 contain 35s::AtHOG1 myc, P1 is positive
control for myc primers, N1 is a negative control for myc primers, P2 is a positive control
for OE/AS primers, N2 is a negative control for OE/AS primers. Amplified samples are
65,78,2,3,4,6,7, 14,17, 79, 80, 84, 86.

Samples were amplified twice. Once for all samples one kind of primer was
used, which is BAR, to determine samples with BASTA resistance gene. The
second PCR was performed with construct specific primers. The summary of
all samples that were amplified is presented in Table 2. From two PCR

amplifications only certain sample numbers repeated, they are also presented in
Table 2.

Table 2 Numbers of samples amplified with Bar primers compared with amplification
with GFP, OE/AS and myc primers.

Name of primers Numbers of Total number Numbers
used for PCR samples that that repeat
amplification were amplified
Amplified samples  2,3,4,6,7,9,11, 39 2,3,4,6,7,
with Bar primers 12, 14, 16, 17, 23, 14,17, 39,
33, 39, 42, 44, 46, 42, 44, 46,
47,51, 52, 53, 60, 65, 78, 80,
63, 64, 65, 70, 72, 144, 149,
77,78, 80, 93, 96, 150
97, 134, 135, 142,
144, 149, 150

11



Amplified samples 2,3,4,6,7,14, 32

with GFP, OE/AS 17, 39, 40, 42, 44,

and myc primers 45, 46, 49, 50, 65,
78,79, 80, 84, 86,
94, 116,126, 128,
129,133, 137,140,
144, 149, 150

3.3.Confocal microscopy of seedlings with AtHOG2-GFP fusion
gene

Confocal microscopy was performed for seedlings containing HOGZ2 gene
fused with the GFP protein. The protein is visible in the cell membrane and the
root tip (Fig. 9). It was also observed in chloroplasts (Fig. 10).

Figure 9 Visualisation of HOG2 proteih with GFP in two days od seedlings. The protein
is visible in cell membrane and in the root tip (green colour).

Figure 10 Visualisation of HOG2 protein with GFP in two days old seedlings. The
protein is visible in chloroplasts (green colour).

12



4. Discussion

Before sowing seeds in the soil it is necessary to keep them in the darkness at 4
degrees in order to prepare them for growing. After such process seeds should
start growing in the same time. It is important, because the seedlings must be at
the same stage of development when they are later sprayed with the BASTA
herbicide. BASTA was used to select transgenic plants. Only transgenic plants
have the BASTA resistant gene incorporated into their genome. Thanks to this
fact the herbicide destroys non-transgenic plants. On the other hand transgenic
plants with the BASTA resistant gene grow without any problems (Zhong et
al., 2008). BASTA selection is often used in similar experiments (Mylne and
Botella, 1998; Van Damme et al., 2009). Soil used for sowing all seeds had
been previously autoclaved to be sure there were no larvae or parasites.
Autoclaving was previously described as a very important factor allowing
plants to grow in a better way than if they grew in the unautoclaved soil
(Williams-Linera and Ewel, 1984). Autoclaving however did not prevent the
growth of fungus or moss in some cavities where seeds were growing. It made
the development of plants more difficult. Also there were problems with
parasites attacking plants. Because of this, all plants had much smaller leaves
than they should. Few plants were kept in a growth chamber where no parasites
were present. These plants had very big, dark green leaves. Plants attacked by
parasites had leaves with slightly lighter colour, small leaves and plants were
also smaller and weaker. Similar research related to plant parasites infection
was conducted in Africa in Ivory Coast, where many different crops were
attacked by insects. Even up to 60% of crops did not survive after being
infected by insects. As described by Moyal (1988) insects can cause very high
damages to plants. The damage was done to cotton, maize, groundnut, rice and
crops (Moyal, 1988). Compared to these results it can be assumed that
Arabidopsis 1s also very fragile to insects attacks. This problem could be the
main cause of incorrect development of plants, causing very small leaves size
and slow growth.

Table 2 in Appendix 2 shows the concentration and the absorbance ratios for
all gDNA extracted from transgenic plants. The ratio A260/280 and A260/230
show the purity of DNA. The correct values for A260/280 is around 1.8,
whereas for A260/230 is 2.0-2.20. If the ratio A260/280 is below 1.8 it may
indicate the presence of a protein or other contaminants. For the ratio
A260/230 the value lower than 2.0 may indicate also some contaminants
(260/280 and 260/230 ratios, 2007, online). Only eight samples had A260/230
ratio around 2.0 and all other samples were much below this number,
indicating some contaminants. For 260/280 ratio most samples were oscillating
around 1.8, which is correct. To be sure that all DNA extracted from transgenic
plants is pure it should be extracted one more time and the purity should be
compared with the first result. Possible reason for these incorrect results could
be previously mentioned problem with parasites. Leaves that were used for
DNA extraction contained many parasites on them. Whenever it was possible
parasites were removed before placing the leaves in liquid nitrogen, but not all
leaves were freed from parasites. Leaves were small and did not have the
normal appearance. More transgenic plants should be grown in future and kept
in a growth chamber to prevent any parasites infection. Therefore only such

13



healthy leaves should be used for DNA extraction. Leaves used in this
experiment were fresh, they were used just after they were collected. Shahzadi
et al. (2010) used in their experiments with DNA extraction sun-dried, shade-
dried and fresh-leaf tissues (Shahzadi et al., 2010). It could be interesting in
this research to check if there is any difference in DNA purity in Arabidopsis
between fresh and dry leaves.

Samples with leaves from transgenic plants have numbers 1-150, but three of
the samples were not used for genotyping: 48, 58, 73. At the time when the
experiment was conducted the plants still had very small leaves and collecting
any of these leaves could kill the plant. Therefore it was decided that these
three plants should be excluded from genotyping. Among 147 samples that
were collected only one in five appears to be transgenic. Some samples had
very low concentration, below 100 ng/ul (Table 2, Appendix 2). For these
samples 5 pl were taken to conduct PCR, instead of 2 pl, like for all other
samples with higher concentration. Even though higher volume was taken, the
other parameters were unchanged. This method was used to increase the
concentration. If lower volume had been taken it was possible that PCR would
not amplify the samples enough to be visualised on the gel. Alaey ef al. (2005)
used two kinds of leaves, young and elderly. They have discovered that young
leave tissue yields a higher DNA concentration. Therefore it is recommended
to use only young leaves (Alaey et al., 2005). In this experiment even though
only young leaves were used, but the concentration was very different in each
sample and few samples had much lower concentration than expected, which is
below 100 ng/ul. For samples 79-150 PCR was conducted twice, because the
first amplification gave only one band on the gel (see appendix 2, Fig. 11 and
Fig. 12). Such result was impossible to accept, because most of the plants
should be transgenic. One band meant that among 72 samples only one plant
was transgenic. To verify the problem the second PCR was conducted for these
samples and this time there were more bands visible on the gel.

In Fig. 7 samples 139 and 140 have duplicates, because too much reagents
were accidentally prepared, and therefore there was double amount of the PCR
reaction mix. Surprisingly the bands for samples 139 and 140 were very weak,
but for duplicates 139 did not give any band, while 140 gave a strong band.
The gel that was used for loading the first samples was much bigger, with 20
wells, while the gel where duplicates were loaded was only with eight wells.
For big gels the visualisation of the bands is not so good like for smaller gels. It
is easier to zoom a small gel when it is visualised on the computer and
therefore achieve a better resolution.

For PCR there were four sets of primers used: general primers for all samples,
which are Bar primers, primers to amplify plants containing GFP, one set of
primers for AS and OE plants and separate primers for myc plants. Bar primers
should amplify all transgenic plants, because this gene gave resistance to
BASTA herbicide. Hence only transgenic plants should survive. Some samples
gave bands, as expected, which means some of the plants are transgenic, but
many samples did not give expected results. Among 147 samples only 39
samples gave positive results (Figures 1 to 5). As mentioned before the first
amplification of samples 79-150 did not give any results, in the second PCR
three positive controls were used to be sure that the result is correct (Fig 5). For
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the second PCR with construct specific primers 32 samples gave positive
results. While comparing number of samples with positive results with BAR
primers to amplified samples with the gene specific primers only 17 samples
gave common result. It means that 130 samples out of 147 were not transgenic,
but somehow survived BASTA selection. This result seems to be incorrect and
one more DNA extraction and PCR amplification should be conducted. It is not
known if indeed only the samples which gave bands on the gel are transgenic.
It is possible that more plants are transgenic, but to confirm it more
experiments have to be done. It is also possible that indeed many non-
transgenic plants survived BASTA selection, because there were too many
seeds sown per cavity. When seedlings were grown and ready to be sprayed
with BASTA they were covering each other and it is possible that the herbicide
could not reach all seedlings. To be sure that all seedlings were covered with
BASTA, spraying was done the second time for all plants one week after the
first spraying. However it is still possible that some plants were covered by the
others and due to this some non-transgenic plants survived. It is also possible
that BASTA spraying should be conducted more times in shorter time
intervals. Logemann et al. (2006) used BASTA for younger plants, only one
week after the germination. In this study it was between ten to fourteen days,
when four cotyleadons were present. Also Logemann et al. (2006) used
BASTA four times with two days intervals. So many repeats give higher
chance that all seedlings will be sprayed and only transgenic plants will survive
(Logemann et al., 2000).

To observe seedlings in the confocal microscope first it was necessary to
surface sterilise the seeds. Sterilisation prevents fungus and other unnecessary
parasites to grow on MS medium. The last step where washing with water was
performed it can be done even more than five times. It is to ensure that all
traces of ethanol and bleach are removed. In such sterile conditions seedlings
were growing until they grew enough to be observed under the microscope,
which was after two days. Plates with MS medium were kept vertically so that
seedlings could grow on the surface, without growing their roots into MS
medium. Thanks to that seedlings could be collected easily and observed under
the microscope. Seedlings had the GFP incorporated which was fused with
HOG?2. Therefore places where the protein HOG2 was expressed was glowing
green. First experiments with GFP fused with the gene was used to visualise
the protein in the cell already in the 90s (Prashera et al., 1992). Such
experiments should give correct results, because GFP does not change the
function of the protein (Shaner et al., 2005). In Fig. 9 green-glowing are cell
membrane and root tip and in Fig. 10 very visible are chloroplasts. There were
four channels used to facilitate the visualisation: Green, red, gray and
overlapping green and red. The channel with overlapping green and red was
used to observe where the HOG2 protein is present. The same kind of study
was conducted by Steranowa et al. (2008) where the A9-GUS-FGP protein was
also observed in a confocal microscope to visualise the sub-cellular
localization. In that experiment however seven days old seedlings were used
and in this experiment only two days old seedlings were used (Steranowa et al.,
2008). It is possible that the signal would be stronger if older seedlings were
used. Also other experiments with GFP fused to the protein, in order to
visualise the subcellular localisation, were discribed by Brandizzi et al. (2004),
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Hanton and Brandizzi (2006) and Mathur (2007). To confirm the results still
more observations need to be done. There were two batches of seeds used for
the observation. The first batch revealed that GFP is localised in cell membrane
and root top, but in the second batch very visible signal came from
chloroplasts. Therefore in order to be certain where the protein is localised still
more seedlings should be observed.

5. Conclusion

The genotyping of the transgenic plants did not give the expected results. There
were too many plants that seem to be non-transgenic. The experiment should
be repeated again to verify the result. DNA should be again extracted and
genotyping should be repeated. The big problem was also caused by insects
that attacked all plants in the coolhouse. Plants did not grow well, they were
small, there were less leaves than in other plants and the leaves were much
smaller. The confocal microscopy of transgenic seeds from T3 generation of
HOG?2 protein merged with GFP revealed that this protein is present in the cell
membrane, root tip and chloroplasts. Further study should be done to express
the protein and also HOG1 protein should be investigated where it is localised
in the cell.
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8. Appendices

8.1.Appendix 1 Dellaporta’s extraction buffer

(1) 100mM Tris (pH=8.0 adjusted with HCI)

(2) 50 mM EDTA (pH=8.0 adjusted with NaCl)

(3) 500 mM NaCl

(4) 1.25% SDS

(5) 0.2% B-mercaptoethanol (added just before using the buffer, otherwise it
looses its properties)

The buffer should be preheated to 65°C before adding B-mercaptoethanol
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8.2. Appendix 2 The list of all the constructs with sample
numbers from plants used for genotyping and their
concentration

Table 3 Genomic DNA concentration for samples 1-150 and the names of the constructs
for each sample.

sample construct name conc. A 260/280 A 260/230
number ng/pl

1 35s:AtHOG1 AS 460.3 1.9 1.41
2 35s:AtHOG1 AS 125.9 212 1.66
3 35s:AtHOG1 AS 300.6 2.07 1.63
4 35s:AtHOG1 AS 442.8 1.98 1.51
5 35s:AtHOG1 AS 487.3 1.88 1.29
6 35s:AtHOG1 AS 184.6 2 1.17
7 35s:AtHOG1 AS 216.4 2.05 1.61
8 35s:AtHOG1 AS 221.2 1.93 1.33
9 35s:AtHOG1 AS 192.1 1.78 0.84
10 35s:AtHOG1 AS 420.4 2 1.49
11 35s:AtHOG1 AS 20.5 1.94 0.62
12 35s:AtHOG1 AS 582.3 1.89 1.53
13  35s:AtHOG1 AS 222.9 1.97 1.41
14 35s:AtHOG1 AS 214.2 2.05 1.62
15 35s:AtHOG1 AS 285.4 2.03 1.54
16 35s:AtHOG1 AS 175.2 2.07 1.78
17 35s:AtHOG1 AS 20.9 2.04 0.7
18 35s:AtHOG1 AS 565.5 2.01 1.58
19 35s:AtHOG1 AS 179.4 2.02 1.25
20 35s:AtHOG1 OE 426.4 2.01 1.52
21 35s:AtHOG1 OE 3924.2 2.01 1.84
22 35s:AtHOG1 myc 796.7 1.57 0.9
23 35s:AtHOG1 myc 2348.1 1.98 1.56
24  35s:AtHOG1 OE 625 2.08 1.62
25 35s:AtHOG1 myc 1036.4 1.88 1.33
26 35s:AtHOG1 OE 740.1 2.01 1.62
27 35s:AtHOG1 myc 546.7 2.04 1.6
28 35s:GFP-AtHOG1 706.2 2.04 1.48
29 35s:GFP-AtHOG1 161.4 2.01 1.6
30 35s::GFP-AtHOG1 222.5 1.87 1.13
31 35s::GFP-AtHOG1 400.4 2.01 1.28
32 35s::GFP-AtHOG1 409.6 2.07 1.69
33 35s::GFP-AtHOG1 2360.2 1.87 1.45
34 35s:GFP-AtHOG1 524 .4 1.98 1.28
35 35s::GFP-AtHOG1 91 1.98 1.3
36 35s::GFP-AtHOG1 708.3 1.96 1.52
37 35s:GFP-AtHOG1 181.3 2.04 1.63
38 35s::GFP-AtHOG1 202 1.93 1.17
39 35s::GFP-AtHOG1 986 2.06 1.82
40 35s:GFP-AtHOG1 259.8 1.95 1.31
41  35s:GFP-AtHOG1 48171 2.05 2.1
42  AtAtHOG1::AtHOG1-GFP 40.3 2.04 0.9
43 AtHOG1::GFP 701.9 2 1.52
44 AtHOG1::AtHOG1-GFP 2617.7 2.01 1.8
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45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
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76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98

AtHOG1::AtHOG1-GFP
35S::AtHOG1-GFP
35s::AtHOG1 OE
35S::AtHOG1-GFP
35S::AtHOG1-GFP
AtHOG1::GFP
35S::AtHOG2
35S::AtHOG2
AtHOG1::GFP
AtHOG1::GFP
AtHOG1::GFP
AtHOG1::GFP
AtHOG1::GFP
35s::AtHOG1 OE
35s::AtHOG1 OE
35s::AtHOG1 OE
35s::AtHOG1 OE
35s::AtHOG1 OE
35s::AtHOG1 OE
35s::AtHOG1 OE
35s::AtHOG1 OE
35s::AtHOG1 OE
35s::AtHOG1 OE
35s::AtHOG1 OE
35s::AtHOG1 OE
35s::AtHOG1 OE
35s::AtHOG1 OE
35s::AtHOG1 OE
35s::AtHOG1 OE
35s::AtHOG1 OE
35s::AtHOG1 OE
35s::AtHOG1 AS
35s::AtHOG1 AS
35s::AtHOG1 AS
35s::AtHOG1 AS
35s::AtHOG1 AS
35s::AtHOG1 AS
35s::AtHOG1 AS
35s::AtHOG1 AS
35s::AtHOG1 myc
35s::AtHOG1 myc
35s::AtHOG1 myc
35s::AtHOG1 myc
35s::AtHOG1 myc
35s::AtHOG1 myc
35S::AtHOG2 GFP
35S::AtHOG2 GFP
35S::AtHOG2 GFP
35S::AtHOG2 GFP
35S::AtHOG2 GFP
35S::AtHOG2 GFP

1701.9
1980.1
195

685.4
423.2
311.9
79.6
1196.6
246.4
111.1
820.6
467.3

223.5
264
997.3
1022.8
425.3
460.3
17.2
578.1
970.4
5478.4
422.8
820.3
186.7
557

540.5
373.8
387.2
747.8
227.6
84.2
226.6
720
214
128.1
529.7
1072.9
246.6
223.9
471
648.7
299.4
590.4
604.3
117.6
1529.9
198.3
301.9
312.5
527

2.02
1.99
2.03

1.92
1.91
2.07
2.07
1.99
1.97
1.99
1.75
1.98

1.92
2.01
2.07
2.02
2.06
2.08
2.01
2.01

1.37
2.04
2.04
1.94
2.04

2.02
1.94
2.01
2.06
2.05
2.08
2.03
1.96
1.85
2.01
1.84
1.83
1.96
2.02
1.98
2.02
1.67
1.88
2.07
1.96

1.88
1.93
1.83

1.99
1.78
1.6

1.56
1.39
1.88
1.05
1.69
1.26
1.09
0.93
1.43

1.36
1.78
1.93
1.73
1.88
1.99
0.82
1.54
1.86
0.68
1.67
1.94
1.03
1.62

1.7
1.64
1.37
1.75
1.76
1.45
1.47
1.75
0.98
0.99
1.51
1.24
0.81
0.79
1.31
1.53
1.31
0.85
0.98
1.06
1.49

1.7
0.97
0.98
1.07
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99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
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599.2
65.3
407
1045.2
458.9
307
136.1
1244 .2
251
261
2981
23.1
879.7
1170.7
146.8
63.5
892
179.8
577.4
1151
315.9
825
815.9
242.4
464.6
794.6
834.9
404.8
53.4
262
604.8
527.3
417 .1
634.1
12.1
312.2
339.4
357
161.2
328
2114.7
364.9
1350.3
280.1
1625.8
532
1545.8
646.3
1544.6
1208.6
820.1
181.3

1.89
2.06
1.88
2.04
2.07
2.06
2.03
1.99
1.91
1.89
2.02
2.21
1.34
2.07
2.05
1.58
2.01
2.08

1.89

2.05
212
1.95
2.02
1.94
1.98
1.95
2.19
1.91
1.93

1.96
1.96
1.96
1.75
1.99
2.07

2.1
2.07
2.06
2.04
2.02
2.09
2.03
2.03
2.04
2.07
2.04
1.96
1.57
2.05

1.33
1.34
1.28
1.86

1.5
1.37
1.57
1.49
0.99
0.96
1.41
0.65
0.41
2.03
1.22
0.34
1.78
2.08
1.58
1.22
1.45
1.84
1.97
1.32

1.6
1.35
1.33

1.4
1.16
1.01
1.18
1.59
1.38
1.31
0.27
0.88
1.54
1.93
1.35
1.63
1.96
1.84
1.71
1.23

1.8
1.46
1.82
1.93
1.84
1.69
0.75
1.31
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8.3. Appendix 3 PCR amplification of samples 79-150 with BAR
primers, the first incorrect result

Figure 11 PCR amplification of samples 79-116. No bands were observed, even though
plants were transgenic. The transgenic genes incorporated in these plants were not
amplified by PCR

Figure 12 PCR amplification of samples 117-150. No bands were observed, even though
plants were transgenic. The transgenic genes incorporated in these plants were not
amplified by PCR. P sample is a positive control, which also did not produce any band. N
is a negative control. The only amplified sample is 134.
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