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1. Introduction

In biology, an organism is any living system susthamans, animals and plants. The
main characteristic of the organisms is the abtbtyeproduce, develop and maintain
life during their living time. All organisms are déhresult from a molecular unit of
heredity calledgenes Genes are stretches of DNA that, when expressauscribed
into RNA will be translated to proteins. In genddlze necessary genetic information
for the development and maintenance of an orgasistell is included and this
information is passed to the future generationst§dfaand Crick, 1953; Pearson et
al., 2006).

1.1 DNA

Deoxyribonucleic acid (DNA) is a polynucleotide ohahat carries the genetic
information for the entire living organisms exc&itA viruses. Along with RNA and
proteins it is one of the three major macromolexulehe first DNA isolation was
performed by a Swiss physician (1869) and accortbhngames Watson and Francis
Crick (1953), this polynucleotide chain is accepssd"model of the double helix",
because of its structure (Watson and Crick, 19B8)A consists of two long chains,
which twist helically between them. These two ckaame in opposite direction to
each other, so they are anti-parallel. Those chamssist from four types of
molecules called nucleotides or bases and theyademine (A), thymine (T), guanine
(G) and cytosine (C), which are hold together iy 3 hydrogen bonds depending on
the nucleotide pairs that are opposite to eachrdiveT and GZ C). The genetic
information is coded in the sequence composed ley ftur nucleotides. This
information encodes the sequence of the amino adittien proteins. The code is read
by coping stretches of DNA into the related nuclatd RNA in a process called
transcription.

Nearly every gene contains the genetic informafmna protein in a sequence of
DNA and it can therefore influence the phenotgban organism. Within a gene, the
sequence of bases along a DNA strand determinesssemger RNA sequence, which
then determines one or more protein sequences. rélaionship between the
nucleotide sequences of genes and the amino amigisees of proteins is defined by
the rules of translation. Each three bases of angaegion will translate to one amino



acid as a general rule. The RNA polymerase willycibylg codons composed by three
bases as mention before, into messenger RNA. TS €bpy is then decoded by a
ribosome that reads the messenger RNA sequencéhandwith the help of many

other proteins and factors (see next paragrapmnems the correct amino acids to

form one protein.

1.2 RNA
Ribonucleic acids (RNA) are made of a long sindflaic composed from nucleotides.
Each nucleotide consists of a base, a ribose, sagdra phosphate group. The
sequence of nucleotides allows RNA to encode gerieformation. All cellular
organisms use messenger RNA (mRNA) to carry theetgennformation that
syntheses proteins. Some RNA molecules play aneactile in cells by catalyzing

biological reactions controlling gene expression, or sensing and comcating

responses to cellular signals (Barciszewski et pya

1999). One of these active processes is pro
synthesis. This process uses transfer RI
(tRNA) molecules to deliver amino acids to tt rRNa v
ribosome, where ribosomal RNA (rRNA) an
enzymes link amino acids together to for

proteins. The chemical structure of RNA iS Ve  protein

similar to that of DNA, with three dlfference:~‘|5igure 1: Central dogma of DNA-RNA-
(&) RNA contains the sugar ribose, while DNpyotein.

contains a different sugar, deoxyribose (a typahufse that lacks one oxygen atom),
(b) RNA has the base uracil (U) while DNA contathgmine and lastly (c) RNA is

single-stranded instead of DNA which is a doubtearsd (Crick, 1970).

1.3 Protein
Proteins are complex biological molecules, congjstrom one or more polypeptides;
a single linear polymer chain of amino acids bondegether by peptide bonds
between the carboxyl and amino groups of neighlgoamino acids. Proteins are
essentiafor organisms because they participate in evepgguture in the cells such as
the maintenance of cell’'s shape, in cell signalingesponses and in the cell cycle.

Also, many proteins are enzymes that catalyze leimotal reactions and are vital to
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metabolism. In all organisms, there are two majeps building proteins; firstly, the
gene must be transcribed form DNA to messenger RMRNA) and secondly it
must be translated from mRNA to protein, a prod¢hss is called protein synthesis.
The end of each protein, which has a free carbgesalip, is known as the C-terminus
(carboxy terminus), whereas the end with a freenangroup is known as the N-
terminus (amino terminus). Proteins are always ymithesized starting from N-

terminus and ending at the C-terminus (Alberts, 2300

In order to understand the functions of the gemekspaioteins in organisms, the effect
of knock out (K.O.) or overexpression of the geoeshe phenotype can be studied. It
will show in which process the gene is normallyhactTo know exactly where and
when the genes are expressed, the promotor (théérunormal conditions is
controlling the expression of the gene of interesf)laced before a coding sequence
for a reporter-gene, such as GUS or GFP. When ttwms®ructs are transformed into
plants, this will lead to blue deposition and grdkrorescence in the cells that

normally express the gene.

1.4 Arabidopsisthaliana
Arabidopsis thalianais a small flowering plant that belongs to the ignof
Brassicaceaand related to cabbagBréssica oleracegeand turnip Brassica rapa
From the beginning of the 1900s (Weiling, 19%rpbidopsisplants are of great
interest since they are used in physiology studgemodel organisms, but since 1945
they are widely used for studying and researchitentpbiology and genetics
(Leutwileret, 1984)Arabidopsishas one of the smallest genomes among plants (5
chromosomes and 157 mega base pairs) so it isaa tp@ to understand molecular
biology and plant development (Rensink and Budl)4). This model organism is
inexpensive and convenient for cultivation duetsosmall size, usually growing 20—
25 cm tall, so it does not need a lot of spaceabotatories to grow. Usually, it
completes its biological lifecycle in one year hwtder specific conditions and
treatments it has the advantage to produce setleratand seeds in approximately
six weeks (from germination to mature seedabidopsisplays the role in plant

biology that mice an®rosophilaplay in animal biology.



An extra benefit is that protocols exist to geraticalter or transformArabidopsis
plants.Agrobacterium tumefaciens commonly used to transfer foreign DNA to the

plant genome (Clough and Bent, 1998).

Figure 2: Arabidopsis thaliana

1.5 The Arabidopsis root
The root is one of the most important plant orgdwas usually lay under the surface
of the soil, however, a root can also grow aboeegitound (aerial) or above the water
(aerating). Root has very important functions dgirihe plant development. First of
all, the root absorbs, stores and transports thervead the nutrient elements through
the reams to other places of the plant. Secondhglds the plant body in the ground
and lastly, it prevents erosion of the soil. Onaams$verse section, tgabidopsisroot
consists from the vascular tissue (xylem and phjoemthe center of the root,
surrounded by the endodermis, the pericycle, tiigexocand finally the epidermis
(Figure 3 A-B, Di Laurenzio et al., 1996). Normallpots grow downward due to
gravitropism instead of the stems that grow indpposite direction (upwards) of the
gravitational pull (Perrin et al., 2005).
Also, along the root surface different zones ofedepment can be recognized. At the
extreme tip there is the root caphich is not only responsible to protect the
meristematic zone but also serves to guide thettootigh the soil according to the
law of gravity (Figure 3C, Mariella, 2001). Spe@al cells in the root cap sense the
gravity vector and signal to other zones when gnoistnot along this vector. The

zone of active cell divisioor the meristematic zone is the layer where this pass

through the cell cycle. The meristemAnabidopsisCol-0 is up to 20@um away from



the root cap junction (RCJ) (Figure 3C, Verbeleralet 2006). When cells exit the
meristem, the cell elongation process is initiafHte elongation zonextends about
520 up to 85Qum away from the RCJ (FigurgC, Dolan et al., 1994) and contains

cells that elongate dramatically in a short timena they stop elongating, they enter

the zone of cell differentiatigrwhere they take up their final functions and matu

The differentiation zone is characterized by veryiva tip growth of root hairs and
extends from about 850 up to about 150® away from the root cap junction (Figure
3C, Dolan et al., 1994). Root hairs are tubulajgutions from root epidermal cells
that enormously increase the surface area of tbé and they are the principal
absorbing tissue of the plant. Water enters rootieom soil by osmosis, while the
mineral salts are absorbed by active transport. Wéer and mineral salts then pass
through the cortex cells and enter xylem vessamfivhere they are transported
throughout the plant via the transpiration stream.

Arabidopsis thaliands a great model to understand the developmettieofoot and
the cell elongation mechanism also in higher plafite cell elongation in the root is
studied to explore the possibility to grow plamtgifferent environmental conditions,
for instance in drier countries. This would give the chance to create transgenic

plants that are adapted to, for example partictaironmental conditions.
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Figure 3. A) Cross section of the root tip B) Longitudinsdction of the root (Di Laurenzio et al.,
1996) C) Developmental zones along the (@atlan et al., 1994).



1.6 Agrobacterium tumefaciens

Agrobacterium tumefaciens the most known pathogenic bacterium, which tg$o
to the class oAlphaproteobacteria and to the familyRifizobiaceaéStanton, 2003).
This microorganism is responsible for causing trenftion of tumors in more than
140 species of dicotyledons flowering plants (Biang Thomashow, 1988).
Contrary to all known phytopathogers, tumefaciensnfects a wide range of plants
by introducing a transferred fragment called T-DN#ansferred DNA) semi-
randomly into their genome (Moore et al., 1977).eTihfection occurs through
Agrobacterium’sTi plasmid. In experimental conditions, the Ti imyis removed
from the T-DNA and replaced with the gene of ins¢r@nd a marker. The Ti plasmid
then integrates a fragment of its DNA (T-DNA), irtee plants chromosomal DNA
(Stanton, 2003). The T-DNA contains genes encodingymes that produce two
plant hormones (auxins and cytokinins) and one gemending the synthesis of
certain amino acids known as “opines”. The infectddnt's cells are forced to
synthesize opines, which are not catabolized byptast, as a source of energy for
Agrobacterium Auxins and cytokinins cause the infected plangfis to divide. T-
DNA is transferred into the plant’'s cells and flgaknters to the nucleus and
integrates into the DNA (Moore et al.,, 1997). Fbe tfact that,Agrobacterium
tumefaciendas the ability to transfer DNA between itself guants, it has become a
very important and useful tool for laboratory sesg]i especially for plant

transformation.

1.7 Plant transformation
In molecular biology, transformation in plants lee tmost common process to make
transgenic plants by introducing foreign genes plamts genome with the use of the
microorganismAgrobacterium tumefaciens
Plant transformation imArabidopsisis routine. There are a lot of protocols for
introducing exogenous DNA into the plant chromossrbeat the most simple and
usual method is the mediated gene transfer by usgrgbacterium(Clough and
Bent, 1998). The current protocol is known as dlatip” and involves simply
dipping Arabidopsisflowers into a solution containinggrobacterium the DNA of
interest, and a detergent, which will assist Agrobacteriumduring the infections.
With this method we don’t need to culture tissuesooregenerate plants, however,

sometimes it is possible that many plants areraostormable (Peters, 2010).



In order to transform plants with exogenous DNA uetes we worked with
transformedAgrobacteriumcells. Its T-DNA is now specifically modified ardts as

a gene vector. Vectors are tools used in moledulaogy for transferring foreign
genetic information and the aim of this vectoraskpress the gene of interest in the
transformed organism, in this casebidopsis

In simple words, through this method we firstlylege a sequence of DNA that codes
for the fragment ofinterest, which we then insert into a plasmid. Aftards this
plasmid was transformed intAgrobacterium tumefacien®\ large amount of the
bacterium containing this plasmid was then growroiider to transform the plants.
Important is that the plants have flowers in orttetbe receptive, so that the new
plants will get the DNA of interest. Seeds fromadransformed plants can contain
the plasmid. In order to select and identify thanpd with the insertion, we use a
feature from the plasmid, which contains a coding sequefoceresistance to a
specific antibiotic. In the case of pPDONR207 th&kaatic is kanamycin and only the
seeds that inherited the resistance gene (andfdtherthe seeds that also contain the
DNA of interest) will grow under these conditioi&gr{ns and Thomashow, 1988).

At this point, we have plants with a specific piefeDNA inserted. Usually, we will
study the offspring (or offspring's offspring) dfis plant in order to make sure that
the plant is homozygous for the insertion (the haB two identical copies of the gene
of interest on both homologous chromosomes) (Cloagd Bent, 1998). In the

present thesis, we didn’t have the time to stuéyséicond generation of these plants.

1.8 Reporter gene
Reporter genes are chosen as reporters due tinoghtacteristics, namely that they
allow visual identification or localisation. Thesges of genessglectable marker3
are used in laboratory studies in order to indidae success of the procedure of
introducing exogenous DNA into a plant cell (Koaét 2007).
Reporter genes have two functions. They are usaddtyze the expressiar a gene
in the cell or organism population and also to wrmlthe activityof a specific
promoter (in time and in space). The promoter region of DNA responsible for
beginning the gene expression and for determiningrerand when the gene becomes
expressed. The promoter of the gene of interesacep the original promoter of the

reporter gene. The new promoter connected to {h&rter gene is introduced into the
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plant and the expression of the gene under studisiglised by the reporter genes
protein, GUS or GFP in this study (Jefferson, 1987)

Secondly, reporter genes can be used to localiseips and even to find the
subcellular localisation. For this, the coding smte of the reporter gene, usually
GFP is directly attached to this of the gene oéres$t. This makes that the two genes
are now under the same promoter region and arscibed into one mMRNA strand.
This mRNA is then translated into one protein wWirP fused to the N- or C-
terminus.

The most common reporter genes in plant biologycivhare used by scientific

researchers are:

1.8.1 GUS (B-glucuronidase)
The bacteriumEscherichia coliencode the enzymgglucuronidase, which is often
used as a reporter for gene activity. For this ad&te method one of the most
common glucuronide substrates for GUS histochenstaihing, 5-bromo-4chloro-
3indolyl glucuronide (X-Gluc) is used. When the GldBzyme incubates with the
colorless X-Gluc substrate, it can transform ibiatcolored product, in this case it is
a clear blue color, and in most of the caseseétven visible with the naked eye (Koo
et al., 2007).
Higher plants or bacterial cells, which do not egs the GUS enzyme, have very
little endogenous activity, indicating that the dlecolor is the result form the activity
of the promoter that is under study. The advantafjesing GUS are its sensitivity, it
is easy to perform the staining, it is highly visibreliable and stable, and also GUS
activity can be assayed at a wide pH range (Jeifees al., 1986).

1.8.2 GFP (green fluorescent protein)

GFP is a protein that is first isolated from thié/jesh Aequorea victoriaThis protein

is composed of 238 amino acids. In genetics, th® Géne is commonly used as a
reporter of expression and can be introduced imgaresms and fused in their

genome through cell transformation. The discoveérBP is related to a property of

one part of the molecule, namely the chromophohe dhromophore is responsible
for the green fluorescence when molecules are exbts blue light. GFP has its

excitation peak at approximately 400 nm and itsssion peak at approximately 500

nm (Tsien, 1998).
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This chromophore is formed spontaneously fromi-peptide motif in the primary
structure of GFP, so that its fluorescence is “@aiically” turned on in every cell
where it is expressed. In other words, the matmatf the tri-peptide-based
chromophore in GFP only requires oxygen and doé¢slepend on the presence of
enzymes or other auxiliary factors. In order tousize GFP, a blue light with
wavelength 400nm is shined in its direction andreeg fluorescent color is visible
where the protein is located. In the lab, this @rots examined under a confocal
microscope in which one can stimulate and captiuardscence on digital images.
Furthermore, when the gene for GFP is fused tgé#me of a protein to be studied in
an organism of interest, the expressed proteimtairést retains its normal activity
and, likewise, GFP retains its fluorescence, so tthe location, movement and other
activities of the studied protein can be followeg hicroscopic monitoring of the
GFP fluorescence (Wang and Hazelrigg, 1994). GFgereerally non-toxic and can

be expressed to high levels in different organismth minor effects on their

physiology.

1.9 Laser Scanning Confocal Microscopy (LSCM)

A laser scanning confocal microscope (LSCM) is athme for obtaining high-
resolution optical images with depth selectivitys@M incorporates two principal
ideas: lllumination point by point, of the sampledarejection of out of focus light,
laser light (blue line) is directed by a dichromiarror towards a pair of mirrors that
scan the light in x and y. The light then passesuth the microscope objective and
excites the fluorescent sample. The fluoresceght(lgreen) light from the sample
passes back through the objective and is scannételsame mirrors used to scan the

sample. The light then passes through - *
dichromic mirror through a pinhole placed —

the conjugate focal (hence the term confoc ’_
plane of the sample. The pinhole thus rejer'
all out-of-focus light arriving from the sample®
The light that emerges from the pinhole

finally measured by a detector such aSgigure 4

Laser scanning confoc

photomultiplier tube. At any particular instarmcroscope.
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only one point of the sample is observed. A comprgeonstructs the 2D image one
pixel at a time. A 3D reconstruction of the samgd@ be performed by combining a

series of such slices at different depths (Paw2696).

1.10 Phenotypes

Phenotype is the visual characteristics of an asgansuch as its morphology.
Phenotype results from the expression of an orgasigenes which are influenced
generally from environmental factors. In order talgze phenotypes dfrabidopsis
thaliana we need plants with different gene activity. Thaifferent genotypes (the
inheritance code for each organism) Axfabidopsiswere used in this phenotype
experiment. The first is the wild typ&WT) or control, which is the normal plant
without any changes of the genome. The second gemas characterized as 35s
promoter (Koo et al., 2007). TI8s promoteris a very strong constitutive promoter,
causing high levels of gene expression, using dvier express genes that are of great
interest for research. The last one genotypArabidopsis thaliands the knock out
(K.O.) lines of the gene. K.O. lines are plant linesated with the help of
Agrobacteriumand contain a random insertion of a T-DNA fragm@ihtis results in
the fact that the gene will not be translated iatprotein anymore. By analysis of
knock out mutants we can observe the effect ofathsence of the gene of interest in

the whole plant.

1.11 Plant hormones
Plant hormones or phytohormones are naturally medyproducts by the plants and
always in very low concentrations which are ablaltst cells metabolism. Hormones
are regulated with the plant growth like the forimatof the flowers and the time of
flowering, the gene expression and the cell divisiBach cell is capable to produce
hormones. Hormones are crucial for the plant groarld in lack of them; plants
would be a mass of undefined cells (Srivastava, 220®o, phytohormone
experiments are very interesting and many of theok place in our laboratory, in
order to specify the reactions of tieabidopsis thalianaroot in the presence of
different chemical substances, added to ¥2 MS megiates.
In this thesis, six different hormone regulatorgevesed in different concentrations:
ACC, ABA, IAA, NAA, GAz and MJ.

13



Ethylene (with its precursor ACC¥y one of the most popular hormones that is

produced from all parts of higher plants includiingits, leaves, and roots and its
production is also regulated by a variety of depaiental and environmental factors,
during certain stages of growth (Yang and Hoffma@84). Ethylene affects cell

elongation, for example when a seedling hits artaahes under the surface, ethylene
production is increased, preventing cell elongatonl causing the stem to move.
Ethylene biosynthesis can be induced by endogersmus exogenous factors.
Researchers have proved that ACC synthesis isasetewith high levels of auxins,
especially IAA, and cytokinins, on the other hanBAAcan inhibit the synthesis of

ACC (Rocklin, 2004).

Abscisic acid (ABA)is found in very high concentrations in newly abed or freshly

fallen leaves. In general, it acts as a chemichlibitor. In plant species, without
ABA, buds and seeds would start to grow during waeniods in winter and die
when they are frozen again by changes in the teatyrer. In other plants, ABA levels
decrease when gibberellins levels start to incr@asertado et al., 2004).

The most common auxins found in plants are acatid AAA) and NAA. Auxins

were the first class of growth regulators discodeteeaf abscission is initiated by the
growing apex of a plant ceasing to produce auxamsthe other hand it promotes
lateral root development and growth. Auxins areidoxo plants in large
concentrations so they are used as natural heesiclAA has many different effects
on plant development. As all auxins IAA influenaasdl elongation and cell division
with all subsequent results for plant growth angettgpment (Simon and Petrasek,
2011).

Gibberellins (GA) includes a large range of chemicals which are ymwed naturally

by plants and fungi. Gibberellins are importans@ed germination, affecting enzyme
production that mobilizes nutrients. Also, they mpaie cellular division, flowering
etc. Absorption of water by the seeds causes ptimtuaf GAg so it is very important
during the germination and start of embryonic gro(tsai et al., 1997).

1.12 Polymerase Chain Reaction (PCR)
Polymerase chain reaction is a scientific in vigrocess, developed in 1983 (Bartlett
and Stirling, 2003), used for amplifying a singlenoore copies of a piece of DNA,
generating thousands or millions of copies of thasticular DNA sequence. The

method is based on thermal cycling; cycles of regze&eating and cooling of the
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PCR sample for melting DNA and replicat
enzymes of the DNA. Primers and DN.
polymerase (such as Taq polymerase) are
keys to enable selective and repeai
amplifications. Primers are pieces (10 to .

nucleotides) of a single-stranded DNA, whic

make the starting point for DNA synthesi‘,;igure 5. PCR cycler- Applied
Under these thermal cycling conditions the tBiosystem.

strands of the double helix DNA are separated,igh kemperatures (DNA melting).
At lower temperatures, the DNA single-strands aseduas a template for the
synthesis by the DNA polymerase, which selectiahplifies the target DNA.

Other applications of PCR are: DNA cloning, DNA seqcing, generating
hybridization probes ect, where PCR enables arsalysiDNA samples even from

very small amounts of material.

1.13 Agarose Gel Electrophoresis

In order to check whether the PCR generated the B¥Auence of interest, an
agarose gel electrophoresis is used. Agarose ayagecharide that forms a gel, and
the electrophoresis is basically used to separ&t@ holecules of different sizes.
Using an electrical field the negatively chargedlaic acid molecules move through
the pores of the gel towards the positive side.ddales move with different speed
through the gels’ pores according to their sizegda DNA molecules move slower
than smaller molecules because the smaller run easiy through the pores of the
gel. The speed also depends on the length of thé& DN
fragment, the concentration of the electrophoresfer and
the voltage that is applied to the gel. Afterwards)
electrophoresis tank is used to separate the mekand

finally the gel is incubated in an ethidium bromswution.

Ethidium bromide (EtBr) is a fluorescent orange diyat

Figure 6: Fragments ¢ Intercalates between bases of nucleic acids awwvalthe

DNA under ultraviole

light. detection of DNA fragments in gels. EtBr fluorescasler

ultraviolet lamp when it has intercalated betwela base

pairs and finally the DNA bands are visible (Smiseki Hoagland, 1989).
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2. The aim of the study

The aim of this study is to investigate genes imedlin the cell elongation process.
After observations of Le et al. (2001) that ACCyd¢ime can inhibit cell elongation in
the root and a microarray study done in the lalooyaby previous researchers to
identify genes with an altered expression after A&iG/lene addition, we selected
genes with a potential involvement in the root ghtion. Our focus here is to take
over the remaining work from previous students push it forward.

This includes the transformation @fabidopsiswith different constructs that were
created before, selection of transformants anctladyses of some of them.

In a second set of experiments | looked for thenphgoe in root of WT, KO and 35s-

overexpression plants.
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3. Material and Methods

3.1 Plant materials and growth conditions
Wild type seeds (Col-0, N1093) and a K.O. line fbe genesAt2g43590 and
At2g25150 were obtained from tharabidopsisstock centre (NASC, Loughborough,
Leistershire, UK). All plants were grown in an emvimentally controlled growth
chamber (15 photons/cm/s; 16h light/8h dark; 24°C).
For soil cultivationwe used Tref substrate soll.

For in vitro experiments sterilized seeds were placed on YagilreMS plates
containing 2.2g/l Murashige and Skoog (1965) saltkiding vitamins (Duchefa, the
Netherlands), 1% (w/v) sucrose (Duchefa), adjustedH 5.7 [KOH] and solidified
with plant agar 8g/l (Duchefa), for extraction dNB/RNA or root measurement.
Seeds from transformed plants were harvested wienwere mature and dry, and
the sterilized seeds are placed on %2 MS agar @aigsdied with 1 ml kanamycin per
1L to select transformants. Plates are placedengtowth chamber for 10-15 days.
The wild type plants die on the medium whereassfamants survive and grow
normally. These will be transferred to soil in arde grow and collect the second-

generation seeds.

3.2 Seed sterilization
Seeds were surface-sterilised for 5 minutes in 6%rgercial bleach followed by 3
rinses in EtOH. Plates were closed with one revatubf laboratory film (Parafilm,
Pechiney Plastic Packaging, Menasha, WI, USA) arsexjuently stratified for 2
days at 4°C in the dark. Plates were then placed igrowth chamber (15
photons/cm/s; 16h light/8h dark; 24°C) for the neéays.

3.3 Plant cultivation

For in vitro cultivation ofArabidopsiswe used:

- Y Murashige & Skoog medium 1962 (MS)
- Sucrose : Merck

- Plant agar : Sigma-Aldger

- HCl and KOH

- Sterilized square plastic Petri dishes

- Sterilized toothpicks and filter paper

17



- Sterilized seeds

And we proceed as follow:

2, 2 g/l of half strength Murashige & Skoog-medi(1®62) was used to grow plants
on plates with 10 g/l sucrose. The pH of the medwes adjusted to 5, 7 with the use
of the HCI or KOH solutions. After the pH is optimeve put the solution in a Schott
bottle adding 6 g/l of plant agar. Finally, the nued is autoclaved at 121°C for 20
minutes. Depending on the subsequent experimemr aftitoclaving, we add
hormones or antibiotics and distribute the soluiito sterilized square plastic Petri
dishes. When the medium is solidified, sterilizegds ofArabidopsisplaced on the
plates in a specific order with the help of stedtl toothpicks. Finally, the plates are
closed with parafilm to prevent them from contantioras, covered with aluminum
foil and placed in a 4°C fridge for 3 days. Aftedd8ys, the seeds are placed in the
growth cabinet under long-day conditions (16h light dark and approximately
24°C).

Figure 7: Sterilized seeds of three different lines (k.0s,38t) ofArabidopsisplaced on the plates in a
specific order.

Alternative to solid medium is the liquid %2 MS mech with almost the same process
for cultivating plants in solid %2 MS Medium withahexception of the addition of
agar, which solidifies the solution, so that it eens liquid during the treatments. This
liquid %2 MS medium was used for GFP or GUS expenisieue to the fact that plant
material grows faster in liquid media than in soheédia. So we can easily check the

promoter activity under a confocal microscope.

3.4 Plant transformation
For plant transformation we were following the pail as shown below:
First of all, healthyArabidopsisplants are growing until they are flowering, under
long day conditions (16h light/8h dark/23°C). Atetlsame timeAgrobacterium

tumefacienss growing in 5ml LB* pre-culture, with the appmagte antibiotics [(R-
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G-K (Rifampicin 25 pg/ml, Gentamycin 50 pg/ml andri@mycin 50 pg/ml)] for 24h
at 28°C and 200rpm in order to select the plasinigéach 250ml of LB medium we
add 1ml of pre-culture and then we leave it to graas before for 20-24h. This is
enough for 6 trays witArabidopsis thaliana

All antibiotics are to insure that all the resistargenes are present and working in
Agrobacteriumand to insure that rearrangements or loss of manseunlikely to
occur. Also, only the bacteria that have succelgstaken up the resistance gene
become resistant and will grow under certain coowiét considering that only the
original vector does not have the resistance geaegfidge et al., 1989).

The Agrobacteriumcells were harvested by centrifugation at 8000rpmlD minutes

in 4°C. Then theAgrobacteriumsolution was re-suspended in the transformation
buffer (TB 50g/l sucrose + 0.74g/l Mgl We should shake so well that the solution
is homogenized.

Just before the dipping of the flowering part oé thlant in the solution, we add
100pL per 500 ml TB silvvet-L 77, to a concentrataf 0.05%. We dip gently, the
Arabidopsisflowers in theAgrobacteriumsolution for 2.5-3 minutes. The dipped
plants are then placed under long day conditiarspie week.

Important is to water regularly!!! After approxine®y 5-6 days the whole
transformation procedure is repeated for a secamé in order to increase the

transformation events (Bechtold et al., 1993).

*LB (lysogeny broth) medium: materials: TriptonegtQL, yeast extract 5gr/L and
NaOH 5gr/L. Mix and sterilize by autoclaving.

3.5 GUS staining

The most usual GUS histochemical staining is X-Glbibromo-4-chloro-3-indolyl
glucuronide) and the product of this reaction dwe color. In order to test our plants
we follow the next protocol:

We transfer the plants from the liquid %2 MS, whigrey have been grown for 6 days,
in 5ml GUS staining solution and incubate them pigdt at 37°C. The plants are
now rinsed three times with distilled water ancetixor 1 hour in a fixation solution
(ethanol 100%: acetic acid 100% 3:1). Now, we digpthe solution, we incubate
with NaOH (8M) for at least 1 hour. After this stape plants washed again for 3

times with distilled water and analyzed under thefocal microscope.
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GUS staining solutian
FerroCN 1mM, FerriCN 1mM, Potassium phosphate b6, NaEDTA 10mM,
X-Gluc 2 mM.

3.6 Root measurements
The purpose of the root measurements is to finrdiices in growth between the
genotypes oArabidopsis thalianauch as: WT, overexpression lines (35s) and knock
out (K.O.) lines. The length of the roots is measuand the numbers of the lateral
roots are counted with the ImageJ program, whidteely available on internet.

Three plates for each experiment are produced eedssadded in specific order (35s-
WT-K.O) usually 7-8 seeds per line. When the plaesready, we close them with
parafilm and cover them with aluminum foil and @abem in the fridge (4°C). After
3 days the plates are placed in the growth chamibere a robot with a camera
automatically takes pictures from the plates duriagproximately 3 weeks.
Afterwards, the roots are measured with the compartgram ImageJ.

¢ ImageJ =
Fiie Edit Image FProcess Anahyze Plugins: Window Helg
B 0|c|0 < 4 +[7Ala|@ 20 sju p 48 7] >
Image) 138/ Java 1.5.0_ 05

Figure 8: The action bar of the ImageJ program.

3.7 Hormone experiments

Stock solutions:

= ACC 100pM
= ABA 1mM

= |AA 100mM

= NAA 10mM

= GA350uM

= MJ;1mM

» Final concentration 5uM
For this kind of experiments, seedlings are growasgusual in normal ¥2 MS agar
plates. On the 5th day of seedlings growth the ex@nt take place because now the
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transferred plants are neither too small nor tap dmd with no lateral roots yet.
Hormones are added in certain concentrations iocéaued %2 MS and the solution is
put in square sterilized Petri dishes. After thetgd are solidified, by using a pincett,
we transfer half of the plants from the normal 2 p&e to the new hormone plate;
the other halves are transferred to a new nornidiS/late in order to keep a control.
The experiment has to be in the laminar flow ineortb avoid contaminations in the
new plates. After the transfer, the plates areedosith parafiilm and placed in the
photographic robot for at least 2 weeks in ordezdmpare the growth of the roots of

the different genotypes in each hormone.

3.8 PCR
The components that are essential for the basic$8ERp are:
1. The DNA sequence to be amplified
2. A reverse and a forward primer
3. The enzyme Taq polymerase
4, dNTPs - the building-blocks from which the DNAlymerase synthesizes a
new DNA strand (adenine, guanine, cytosine and ihg)n
5. Reaction buffer, providing a certain environmént optimum activity and
stability of the DNA polymerase.
6. Nuclease-free water

The system that we use is Applied Biosystems V8ftwells Thermal cycler. PCR
consists of 20-40 cycles, means temperature changesh each cycle usually
consisted from 3 different temperature steps.

Firstly, the double stranded DNA is denaturas¢®4°C. This is the step of the first
cycle and consists of heating the reaction to 9%9fr 5 minutes. Those high
temperatures cause DNA melting which means thabhyldeogen bonds between the
complementary bases broke and then we have twaatepsingle-stranded DNA
strands, which they will become the templates foe fprimers and the DNA
polymerase. Then follows the annealistgp; the reaction temperature is lowered to
50-60°C for 20-40 seconds, allowing the annealihghe primers to the single-
stranded DNA sample. After the primers are attachieel elongation step starts at
72°C (optimum temperature for using the enzyme galgmerase). In this phase the

DNA polymerase will make a new DNA strand completaen to the first DNA
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strand by adding dNTPs in the 5-3" direction. Bypeating these steps (usually 30
times), an exponential growth in amount of DNA Istaoned. The final _elongation
occurs at 70-74°C for 5-10 minutes to ensure thatentire single DNA strands are
extended. We hold the samples in 4°C till we waéuhem (Chien et al., 1976).

In order to check whether the PCR generated the BdAuence of interest, an
Agarose Gel Electrophoresis is used.

In order to make an agarose gel you should:

. Mix the agarose powder (3gr) with the electrogists buffer (50 X TAE

buffer 200 ml) to the concentration of 1, 5%.

. Heat in the microwave oven for 2-3 minutes tiletpowder is completely
melted.
. Place the gel in a gel rack (approximately 5mm$ert a comb at the one side

of the gel and wait till it will be solidified (1@5 minutes).

. The electrophoresis tank is filled with 50X TAEffer, ensure that the gel is
completely covered.

. Remove the comb and now you can load the gel Gjth of each DNA
sample. Don’t forget to put first a comparison- [LBftDNA ladder, which contains
DNA fragments of known size.

Start the electrophoresis tank with a voltage of & approximately 40 minutes so
that the separation of the molecules begins. Adtectrophoresis the gel is incubated
in ethidium bromine (EtBr) -solution for 15 minuté3ue to the EtBr fluoresces under

ultraviolet lamp the DNA bands can be visible.

3.9 RNA isolation
The RNA isolation is a complicated procedure, whdelmands specific steps in each
protocol in order to be successful. For this thesused the following protocol:
We start with the homogenization of 50-100mg plaissue in 0.5 ml TRI
REAGENT. We centrifuge the samples for 5min at @@0
Next follows the separation phase where we addhamidogenate 0.2ml chloroform
by mixing vigorously. Store the samples for 2-15nuantrifuge them for 15min, at
12.000g, in 4°C.
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Next step is the RNA precipitation. We transfer dlggieous phase to a clean tube; we
add 0.5ml isopropanol and mix. Store the sample&{fbOmin, centrifuge them for
8min, at 12.000g, in 4-250C.

Afterwards, we use 1ml 75% ethanol for washing Rp&Met. Centrifuge for 5min, at
7.500g, in 40C.

Final step is the RNA solubilization. We add 0.5®SSformazolR or water and we
incubate at 50-61C for 10 min. Dry the RNA pellet for 5-10 min andssblve by
pippeting in 50-200! of formazol.

The RNA samples are completed in approximatelyrichthey
are ready for concentration measurements. Thieng dising a
NanoDrop spectrophotometer. NanoDrop has two fanstiit
measures the absorbance of small volume samplasabéic

acidsandproteins The NanoDrop is designed to measure fr

just 5ng/ul to 3.000 ng/ul samples. The sampfess pipetted ;

directly onto the measurement surface. The surfaosion

then holds the sample between the two optical sesferigure 9: The NanoDro
while the absorbance measurement is made. Then,spectrophotometer.
software automatically determines which path lerigtiuse

for concentration calculations. Cleanup is perfairbg simply wiping both the upper

and lower measurement surfaces with a dry laboratge.
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4. Results and Discussion

4.1 Plant transformation experiment

WT plants ofArabidopsis thalianawere transformed with selectéd tumefaciens
colonies, using the “floral dip” method. After oetting seeds from the first
generation transformed plants, we harvested théssaed selected the transformed
seeds on kanamycin plates (only seeds with the ABMI grow). In the figure 10-
11 you can clearly see the transformants contaitimgy construct for the genes
At2g43590and At2g25150 marked with blue arrows. These plants are charaetd
by a clear green color instead of the other plamtsch don’'t have resistance to the
antibiotic, that are yellow or pale green. Thes# mot survive. The seedlings that
survived and produced leaves and roots were tnagdféo soil to grow and produce
the next generation of seeds which can theoreficahtain plants homozygous for

the insertion.

Figure 10: Mutant plants (blue arrows) on the ¥2 MS mediumudinig kanamycin (a. 43C-

terminus b. 43 N-terminus).
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d.

Figure 11: Mutant plants (blue arrows) on the ¥2 MS mediupiuding kanamycin (c. 41P258 line
d. 32P258 line).

C.

4.2. GUS and GFP experiment

Tl generation seeds of transformed plants with ptemGFP and
promoter::GUS construct for the gen&i2g43590and At2g25150were selected.
The seedlings that grew in kanamycin plates fore swontained the
promoter::GUS or promoter::GFP construct. Thesatplavere checked under the
light microscope after GUS staining or with a card#iomicroscope to visualize
GFP presence. This was done in control conditiahadter different treatments.
The next pictures show GUS or GFP signals in thed od seedlings with the
promoters::GUS or promoter::GFP construct. Blue gmegn mark the cells where
the promoter is activated in control conditionsdore to different conditions or
treatments. Additional verification was performedhaPCR in order to check if
seedlings indeed include the constructs in casgnthGUS or GFP was present.

Figure 12: GUS signals in the root dfrabidopsisseedlings (At2g43590 gene).
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C. ——

Figure 13: GUS signals in the root éfrabidopsisseedlings (At2g25150 gene).

Furthermore, GFP was localized in transformants ¢batained a protein-GFP fusion
construct. As a result the protein contains an Ne-derminal GFP addition, making

the protein fluorescent under blue light. Some esentative pictures are shown

below.

a b.

Figure 14: Pictures from confocal microscope with green GigRa (1gfp n-terminug\t2g43590).

C. d.

Figure 15: Pictures from confocal microscope with green GigRa (1gfp c-terminu\t2g43590).
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f.
Figure 16: Pictures from confocal microscope with green Gighat (1 gfp n-terminus At2g25150

e

gene) (f.: 3D version).

To see the effect of hormones on the expressiderpatof the genes, promoter::GUS
or GFP lines where treated with ACC and IAA whidhibits the elongation of the
cells. On the pictures is clear that the elongascaffected, seen as shorter cells and a
thicker root after 48hours of treatment. The GFfhal seems present in similar cells
as under normal growth conditions, but the sigreaehseems stronger. This is not

only seen in the primary root, but also in différsetages of lateral root development.

j. K.
Figure 17: Pictures from confocal microscope with green GigRa after 48h ACC treatment (1gfp).
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l.
Figure 18: Pictures from confocal microscope with green GigRa after 48 h IAA treatment (1gfp).

m.

4.3 Hormones experiments

A growth phenotyping experiment was performed ascdleed in material and
methods on wild type plants and on plants with Hared gene expression level
(knock-out and over-expression plants) of the gekt@g43590and At2g25150 On
figures 20-25 the different reactions that are gl by different hormones on
Arabidopsis thalianaroot development, are compared to control plantffei@nt
lines (35s-WT-KO) were placed in each agar platdusing hormones (ACC, GA
IAA, MJ3, NAA, ABA) with a final concentration of 5uM.

Experiment 1 At2g43590 gene

7 R ’
[} e "/ T "'

b.

Figure 19: a. Lines ofArabidopsis thalianagrowing in normal ¥2 MS medium b. Lines A&f thaliana

growing in ACC agar plates.
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C.

Figure 20: c. Lines ofArabidopsis thalianagrowing in GA agar plates. d. Lines dk. thaliana

growing in IAA agar plates.

e.
Figure 21: e. Lines ofArabidopsis thalianarowing in M3 agar plates. f. Lines &. thalianagrowing
in NAA agar plates.

Experiment 2 At2g25150 gene

Figure 22: a. 11 35s 1.6 line ofArabidopsisgrowing under ABA treatment b. 11 35s 1.6 line of
Arabidopsisgrowing under ACC treatment.
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Figure 23: c. WT Col-o0 n1303 line ofirabidopsisgrowing under ABA treatment. d. WT Col-o n1303
line of Arabidopsisgrowing under ACC treatment.

Figure 24: e. 11 ko 4584372 line dfrabidopsisgrowing under ABA treatment f. 11 ko 4584372 line
of Arabidopsisgrowing under ACC treatment.

The major aim of the second set of experiments &alyze the phenotype in the root
of WT, KO and 35s-overexpression plants. By analysi 35s and knock out
transformants we can observe the effect of theexymession or absence, of the gene
of interest respectively, of the gene of interasthe whole plant and specific in the
root.

Also, with a first observation of the above figure@e can result to the fact that
Arabidopsis thalianaroot reacts in a different way in each hormone tineat,
concerning the length and the number of the latexak. For instance, plants growing
in ACC agar plates have shorter roots than plardsiigg in GAs agar plates, but
with the first having more lateral roots than teeand.

In the next figures is shown the numerical dataoot length and number of lateral
roots seen on plates in the previous two experisment
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Figure 25&26: Analyzing the reactions dkrabidopsis thalianaoot, in three different lines (10 35s
11.2 - WT Col-O N1303- Salk 643790C 10 k.0.), conogy the length and the number of the lateral
roots as a wild type and under ACC treatment cpoegingly.
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Figure 27&28: Analyzing the reactions dkrabidopsis thalianaoot, in three different lines (10 35s
11.2 - WT Col-O N1303- Salk 643790C 10 k.0.), conogy the length and the number of the lateral
roots under GAand IAA treatment correspondingly.
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Figure 29&30: Analyzing the reactions dkrabidopsis thalianaoot, in three different lines (10 35s
11.2 - WT Col-O N1303- Salk 643790C 10 k.0.), conogy the length and the number of the lateral
roots under MgJand NAA treatment correspondingly.
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under ACC and ABA treatment correspondingly.
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In statistics, a result is called statisticallyrsfgcant if it is unlikely to have occurred
by chance alone, according to a pre-determinedtiotd probability, the significance
level.

Based on the statistical analysis (P < 0.05%) meld¢ed to the hormone experiment,
we can result in a fact that the phenotype on Wjifie plants and on plants with an
altered gene expression level (k.o. and over-egmesplants) of the genes
At2g43590andAt2g25150 has some differences in each case.

Arabidopsis thalianaoot development of the 35s- k.o. lines is alwagmpared to
control plants, placed in each agar plate includiognones.

Starting with the ¥2 MS plate for the gene At2g43588 can see that there is not any
significant difference between the three differiemes of Arabidopsisconcerning the
length and the number of the lateral roots as well.

In ACC treatment the results as the same as sderebe

In GA; treatment the results are the same as seen before.

In MJ3 treatment the results are the same as sfereb

In NAA treatment the results are the same as sefameh

The IAA treatment shows that plants have the sasngth but with a significant
difference in the number of the lateral root betweal the lines with the

overexpressed lines having the most laterals madsthe knock out the fewer.

On the other hand for the gene At2g25150 thereobserved significant differences
(P < 0.05%) concerning the length between WT ce$-011 35s and WT col-o vs. 11
ko but not between 11 35s vs. 11 ko in the ACCttneat with the WT line having

the longer roots. The number of the lateral roats significant differences between
all the lines with the overexpressed lines havingimmore lateral roots than WT and
the knock out much less.

In ABA treatment the length between WT col-o vs.3b65, WT col-o vs. 11 ko and 11
35s vs. 11 ko has significant differences with kheck out lines having the longer
roots. The number of the lateral roots has sigafiadifferences between WT col-o0
vs. 11 35s, WT col-o vs. 11 ko and 11 35s vs. 1ivkb the knock out having the

fewer.
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5. Conclusion

WT plants ofArabidopsis thalianawere transformed with selected tumefaciens
colonies successfully, containing the construct tbe genesAt2g43590 and

At2g25150 After collecting seeds from the first generatibansformed plants our
focus is to examine the next generation plants rgeroto check if plants are

homozygous for the insertion. This is a work fa trext researchers.

T1 generation seeds of transformed plants with ptemGFP and promoter::GUS
construct for the gene&t2g43590and At2g25150were selected. The seedlings that
grew in kanamycin plates for sure contained thenoter::GUS or promoter::GFP
construct. These plants were checked under thé rintroscope after GUS staining
or with a confocal microscope to visualize GFP eneg. This was done in control
condition and after different treatments. Additibmarification was performed with
PCR and we checked that seedlings indeed includeddnstructs.

A growth phenotyping experiment was performed old wype plants and on plants
with an altered gene expression level (knock-owt aver-expression genes) of the
genes At2g43590 and At2g25150 Arabidopsis thalianaroot development has

different reactions that are induced by differentrhones and compared always to
control plants.
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