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ABSTRACT 

 

IDENTIFICATION OF PROTEINS INTERACTING WITH TAGGED-PATHOGEN 

EFFECTOR PROTEIN IN AGRO-DELIVERED PLANTA 

 

DAGVADORJ, Bayantes 

M.Sc., Department of Biotechnology 

Supervisor: Prof. Dr. Mahinur S. AKKAYA 

Co-Supervisor: Assist. Prof. Dr. Aslıhan GÜNEL 

 

August 2012, 78 pages 

 

Wheat is one of the most essential food sources in the world.  However, there has been 

serious yield loss of wheat production due to stripe rust disease caused by the fungal 

pathogen Puccinia striiformis f. sp. tritici.  The cost-effective and long-lasting defense 

to the disease can be achieved by generating genetically resistant crops against the 

disease forming pathogens.  To accomplish this, first step is to acquire knowledge in 

the plant pathogen interactions of the crop and the pathogen of interests at the cellular 

and the molecular level. 

In this thesis research, PstHa2a5 candidate effector gene from Puccinia striiformis f. 
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sp. tritici is investigated to identify its role and interaction between host factors in 

yellow rust infected Triticum aestivum L.  The gene construct was engineered with 

FLAG-tag fusion at its N-terminus, and synthesized.  This construct was cloned into 

pJL48-TRBO vector for an expression in Nicotiana benthamiana via agrobacterium-

mediated gene transformation.   The expressed protein structure with FLAG-tag was 

purified, and immunoprecipitated with one putative N. benthamiana interactor by 

immunoprecipitation experiments.  This candidate interactor protein will be identified 

with Mass Spectroscopy.  In addition to this, subcellular localization of the effector 

candidate was examined in N. benthamiana plant. This was achieved by cloning 

PstHa2a5 gene construct in pK7WGF2 gateway destination vector and localization is 

determined by GFP expression in N. benthamiana after agrobacterium-mediated gene 

transformation. 

 

Keywords:  Wheat, yellow rust, Puccinia striiformis f. sp. tritici, FLAG-tag, 

immunoprecipitation, PstHa2a5, Nicotiana benthamiana, ‘agrobacterium-mediated 

gene transformation’, Gateway cloning, GFP. 
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ÖZ 

 

BİTKİDE AGROBAKTERİ İLE ANLATIMI SAĞLANAN PATOJEN 

EFEKTÖRÜNÜN ETKİLEŞTİĞİ PROTEİNLERİN BULUNMASI  

 

DAGVADORJ, Bayantes 

Yüksek Lisans, Biyoteknoloji Bölümü 

Tez Yöneticisi: Prof. Dr. Mahinur S. AKKAYA 

Ortak Tez Yöneticisi: Yrd. Doç. Dr. Aslıhan GÜNEL 

 

Ağustos 2012, 78 sayfa 

 

Buğday, dünyada en önemli besin kaynaklarından biridir. Fakat, fungal patojen 

Puccinia striiformis f. sp. tritici’nin sebep olduğu sarı pas hastalığı nedeni ile önemli 

ölçüde ürün kaybı yaşanmaktadır. Hastalığa karşı maliyeti düşük ve kalıcı çözüm, 

genetik olarak dirençli bitkilerin elde edilmesi ile sağlanabilir. Bunu gerçekleştirmek 

üzere gerekli olan ilk adım bitki-patojen etkileşimini hücresel ve moleküler seviyede 

anlamaktır. 

Bu tez çalışmasında,  Puccinia striiformis f. sp. tritici’e ait olası efektör gen 

PstHa2a5’in rolü ve konakçı faktörlerle olan ilişkisi, sarı pas ile enfekte edilmiş 
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Triticum aestivum L. bitkisinde incelenmiştir. Aday efektör gen, “FLAG-Tag” proteini 

genin “N-terminal” bölgesinde olacak şekilde tasarlanmış ve sentezlettirilmiştir. 

Sentezlettirilen bu gen, ekspresyon çalışmaları için pJL48-TRBO vektörünün içine 

klonlanmış ve agrobacterium gen transferi yolu ile Nicotiana benthemiana bitkisine 

aktarılmıştır. Ekspresyonu sağlanan rekombinant “FLAG” füzyon proteini 

saflaştırılmış ve etkileşime giren bir N. benthemiana proteini immunoprespite yöntemi 

ile ayrıştırılmıştır. Bu etkileşime giren protein kütle spektrometresi ile tanımlanacaktır. 

Ayrıca, bu aday efektör proteinin hücre içi lokalizasyonu N. benthemiana bitkisinde 

incelenmiştir. Bu aşamada, PstHa2a5 geni pK7WGF2 “Gateway” vektörüne klonlanıp 

agrobacterium gen transferi yolu ile N. benthemiana bitkisine aktarılmış ve hücreiçi 

lokalizasyon GFP ekspresyonunun belirlenmesi ile tanımlanmıştır.  

 

Anathar Kelimeler: Buğday, sarı pas, Puccinia striiformis f. sp. tritici, FLAG-tag, 

immunoprespite, PstHa2a5, Nicotiana benthamiana, ‘agrobacterium yolu ile gen 

transferi’, Gateway klonlama, GFP. 
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CHAPTER I 

INTRODUCTION 

1.1 The importance of wheat 

Wheat is one of the earliest cultivated plants on the earth surface; since then it has been 

one of the most important food sources for human being.  Wheat`s global annual 

production exceeds 600 million metric tons (Table 1.1) and its demand is expected to be 

840-1000 million tons by 2020 (Rajaram, 2008).  Wheat`s worldwide trade is higher 

than the rest of the other crops and world utilization of wheat has risen dramatically for 

last 50 years.  It contains starch (70-75%), proteins (8-16), fibers (2-3), lipids (2%) and 

minerals (1%) (Curtis, 2002; Scheuer et al., 2011).  It is the best of the cereal foods and 

provides more energy for consumers than any other food source.  Wheat is a major diet 

component for human because of its environmental adaptability, simple to store and 

ease to convert grain into flour in order to use as needed (Curtis, 2002). 
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Table 1.1 Wheat productions around the world. 

Countries Average 2008-2010  (million tons) 

EU 141.8 

China 114.2 

India  80 

United States 62.8 

Russia 55.7 

Canada 26.2 

Australia 23.2 

Pakistan  22.8 

Ukraine 20.7 

Turkey 19.3 

World 674.4 

Source: Food and Agriculture Organization 2011 

(http://www.fao.org/docrep/013/al977e/al977e00.pdf) 

 

 

 

1.2 Wheat stripe rust 

Gadd made the first scientific documentations of the stripe rust in 1777 (Eriksson and 

Henning, 1896).  It is also well known as yellow rust.  Stripe rust is one of the most 

crucial and disastrous diseases of crops.  Except Antarctica, wheat stripe rust spread all 

over the world (Chen, 2005).  This type of rust can be identified by yellow powder like 

structure called urediniospores: often found on the ground leaves and lesions likely to 

be spread on entire width of leaves (Markell et al., 2000). 

Puccinia striiformis f. sp. tritici is the wheat fungal that causes stripe rust on wheat.  

According to Hassebrauk (1965), P. striiformis infected over 320 grass species by either 

in a natural or an artificial manner and Triticum is one of the most susceptible genera.  

Even single pathogen (urediniospore) can infect the wheat and produce hundreds of 

urediniospores.  

Puccinia striiformis is more sensitive to environmental factors than other cereal 

pathogens.  Low night temperature is an important aspect for pathogen growth and 

survival.  The optimum temperature for stripe rust is 9-13 ºC, especially before 

inoculation (Brown and Sharp, 1969).  The light is the important factor.  It was 
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observed that susceptible reactions were occurred under low light intensities while 

resistance reactions were produced by high light intensities (Gassner and Straib, 1934; 

Manners, 1950; Stubbs, 1967).  Last but not least, atmosphere humidity has critical role 

for pathogen growth.  It is observed that the relative humidity and infection efficiency 

has proportionally related to each other (Zadoks, 1961).  

The dispersal of urediniospores is achieved by wind. Due to high susceptibility to 

ultraviolet, the travel of viable urediniospore is restricted to short distance (Maddison 

and Manners, 1972).  However, it was estimated that urediniospores could travel long 

distance within relatively short period.  One of the examples is that in Europe, stripe 

rust urediniospores was blown by the wind 800 km in viable state.  Furthermore, it was 

documented stripe rust travelling, gradually, 2400 km in 6 months in United States 

(Zadoks, 1961). 

 

1.3 Plant immune response  

Plants have own natural, fast and efficient defense mechanism against microorganisms 

including bacteria, fungi, viruses and nematodes (Cohn et al., 2001).  Unlike mammals, 

there are no specific cells such as macrophages in humans to defend the host from 

invaders but every individual plant cell has its own recognition mechanism of microbial 

molecules and attempt to protect themselves their own (Jones and Dangli, 2006).  This 

defense system is named innate immunity.  

Plants recognize and resist pathogens by two different response mechanisms: pathogen-

associated molecular pattern (PAMP) -triggered immunity (PTI) and effector-triggered 

immunity (ETI) (Zipfel and Felix, 2005).  Pattern recognition receptors (PRRs) existing 

on the cell surface of the plant are divided into trans-membrane receptor kinases and 

trans-membrane receptor-like proteins.  PRRs detect the PAMPs, which are pathogen-

associated molecules such as peptidoglycan, lipoteichoic acid and flagellin.  These 
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recognitions by PRRs occur in all plant species and excite plant basal defense 

mechanism, also known as the PTI.  Although this immune response is relatively weak, 

PTI efficiently protects plants from non-adapted pathogens (Dodds and Rathjen, 2010). 

Some plant pathogens called adapted pathogens can overcome this defense mechanism 

by applying group of molecules called effectors right into the host cytoplasm.  Effector 

molecules help pathogens to propagate and invade in the host by inactivating the PTI.  

Although the delivery path of eukaryotic effectors into the plant cell is unknown, the 

bacterial pathogens transport the effectors into the host by needle-like structure called 

type-III secretion system (TTSS) and bacterium without TTSS cannot be infective.  

Majority of the effectors directly involved in disturbing PTI response. For instance, 

AvrPto, which is an effector from P. syringae broadly, inhibits the kinases including 

PRR receptor kinases (Dodds and Rathjen, 2010).  Another important example is an 

infestin 1 (INF1)-triggered cell death (ICD) that is suppressed by P.infestans effector 

Avr3a.  INF1 activates programmed cell death in many plant species by triggering 

ubiquitin E3-ligase CMPG1.  However, Avr3a interacts and inactivates the CMPG1 

necessary for ICD (Bos et al., 2010). 

Due to these successful pathogen effectors, the process called effector-triggered 

susceptibility (ETS) is revealed (Jones and Dangl, 2006).  This brought us to the second 

base pathogen-detecting mechanism known as ETI, which triggers much more powerful 

immune system resulting hypersensitive response (HR) or death of cells at the site of 

infection.  ETI is achieved only; plants with resistance (R) genes against effectors.  

These R gene products, intracellular receptors, recognize directly or indirectly the 

pathogen effectors.  The majority of these receptors are NB-LRR protein, which is 

composed of two parts: nucleotide binding (NB) domain and leucine rich repeats (LRR) 

(Dodds and Rathjen, 2010).   

NB domain in many R genes is believed having roles in signal transduction.  

Furthermore, NB region is probably involved in a kinase activity because the NB 
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domains are present in some ATP- and GTP-binding proteins (Bendahamane et al., 

1999; Martin, 1999).  On the other hand, LRRs are predicted to be having major role in 

recognizing pathogens.  It is implied that LRRs have protein interactions and ligand 

binding with a large variety of proteins.  Also, it might determine the specificity of R 

protein since distinct R proteins were found to be differing only in their LRR regions 

(Martin 1999 and Ellis et al, 1999). 
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Figure 1.1: Schematic overview of plant immune response.  Trans-membrane receptors 

called pattern recognition receptors (PRRs) recognizes the pattern associated molecular 

patterns (PAMPs) such as flagellin and chitin.  As a result, PAMP-triggered immunity 

(PTI) is activated.  Pathogenic fungus and oomycete form structure called haustorium to 

take nutrients and minerals from the host.  Effectors from fungus and oomycete are 

transported into host cytoplasm by unidentified pathway.  However, bacterial pathogens 

send their effectors through structure called Type-III secretion pilus.  Once these 

effectors pass into host cell, they suppress PTI.  Some strains having resistance (R) 

genes encode NB-LRR receptors, which recognize pathogenic effectors and activate 

effector-triggered immunity (ETI) (Dodds and Rathjen, 2010). 
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1.3.1 Hypersensitive response 

In plants, hypersensitive response (HR) is one of the most potent and effective defenses 

against pathogen invasions.  Rapid programmed cell death occurs at the site of infection 

during HR.  This cell death cuts off source of nutrients and stops further growth of 

pathogen.  Moreover, it is believed that signal molecules activating diverse defense 

genes are released from dying cells into the extracellular matrix of the plant cell so that 

it alarms the surrounding cells from pathogen attack (Hammond-Kosack et al., 1996; 

Dangl et al., 1996). 

In order to protect themselves from pathogen attack, many changes occur in plant`s 

physiology.  Some of these changes are production of reactive oxygen species (ROS) 

including super oxide anions, hydrogen peroxide and hydroxyl radicals, pH changes 

through ion fluxes, synthesis of antimicrobial compounds such as phenolics and 

phytoalexin, and rearrangement of cell wall around lesion (Cohn et al., 2001).  A `gene-

for-gene` model (proposed by Flor, 1942) explains what triggers these physiological 

changes.  In this model, there are R genes in resistant plant whose products (receptors) 

recognize effectors and/or elicitors encoded by avirulence (Avr) genes from the 

pathogen.  The interaction between R- and Avr-gene results HR or other defense 

mechanisms and, furthermore, host resistance against the pathogen.  On the other hand, 

disease arises from absence of both or either of these genes (Dangl et al., 2001; Cohn et 

al., 2001). 

 

 1.4 Agrobacterium-mediated transformation 

Agrobacterium-mediated gene expression is widely used method in plant species 

because of its simplicity, inexpensive and stable transformation (Opabode, 2006; 

Wydro et al., 2006).  Agrobacterium species, the only known organisms transferring 

genes between two kingdoms, are the gram-negative and soil-borne plant pathogen.  
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This bacterium can transfer its genes to broad range of dicotyledonous plants and cause 

tumor.  A tumor inducing (Ti) plasmid, found every infectious Agrobacterium strain, is 

the sole factor for gene transfer and tumor formation.  This particular plasmid contains 

transfer DNA (T-DNA) and virulence (Vir) region.  Bacterial infection and T-DNA 

integration into host genome are achieved by the functioning of over 35 virulence gene 

products that are encoded by Vir region (Pitzschke and Hirt, 2010). 

In order to obtain improved and commercialized Agrobacterium transformation system 

in plant genetics, the T-DNA and Vir genes were separated into two different plasmids 

(replicons), which have been named T-DNA binary vector system, in single 

Agrobacterium cell.  In this system, oncogenes and opine synthase genes, which have 

not critical roles in T-DNA delivery but harmful to the plants by inducing the tumor, 

were removed.  The plasmid containing T-DNA became known as binary vector that 

can operate in both E. coli and Agrobacterium tumefaciens.  On the other hand, the 

vector named Vir helper includes Vir genes in which there are no oncogenes.  Since T-

DNA region is located on the much smaller vector (binary vector) than Ti plasmid, it is 

now easy to introduce the gene of interest and handle binary vector in vitro.  Due to 

these positive alterations, new commonly used Agrobacterium strains having Vir helper 

plasmids have been developed (Lee and Gelvin, 2008).  
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Figure 1.2: Schematic view of T-DNA binary system.  T-DNA binary vector includes 

origin of replication (ori), antibiotic resistance (Ab
r
) used to select both E. coli and 

Agrobacterium transformants, and T-DNA region defined by its right (RB) and left 

border (LB).  Gene of interest (goi) is inserted into T-DNA region and selection marker 

displays plant transformants.  Vir genes whose products contribute to integrate T-DNA 

into plant chromosome are located on the Vir helper vector (Lee and Gelvin, 2008). 
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1.4.1  pJL48-TRBO vector 

A high-efficiency tobacco mosaic virus (TMV) RNA-based overexpression (TRBO) 

vector was derived from TMV.  pJL48-TRBO vector solved significant problems that 

often happened in TMV during agrobacterium-mediated gene expression (Lindbo, 

2007).  Normally, in order to get highest expression level of recombinant protein, 

amount of Agrobacterium tumefaciens cells used in agro-infiltration was really high 

when one used TMV as transient expression vector.  In some plants, such high 

concentration of Agrobacterium triggers HR after infiltration (Wroblewski et al., 2005).  

However, this drawback was fixed by modifications in TMV vector.  First the viral 

genes and its promoter were removed from the TMV.  It was hypothesized that these 

viral genes and its elements induced RNA silencing in plants and resulted decrease in 

agro-infection efficiency.  Moreover, this alteration made pJL48-TRBO vector much 

smaller in size with comparison to TMV so that process of cloning and handling 

became simpler.  More importantly, this modified vector has improved the agro-

infection efficiency, increased the expression level of recombinant protein, and more 

favorable protein purification (Lindbo, 2007). 
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Figure 1.3: pJL48-TRBO vector map.  The vector starts with genes encoding replicase 

protein and movement protein (MP), which were derived from TMV.  Then, it continued 

with multiple cloning sites indicated as PacI and NotI (all restriction sites are not 

shown), ribozyme (Rb) gene sequence and CaMV-35S terminator sequence.  This is the 

binary plasmid containing kanamycin resistance (Kan
R
) gene and has ability to replicate 

both E. coli and Agrobacterium.  T-DNA left and right borders are not shown in the map 

(Xiaoli Dong et al., 2004). 
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 1.5 Gateway cloning 

To determine novel gene function, it generally requires accomplishment of multiple 

genomics and proteomics tasks such as expression of the gene, purification of the gene 

product, subcellular localization and producing antibodies.  Every protocol needs its own 

vector system.  Therefore, gene of interest (GOI) must be cloned into different 

specialized vectors.  This is toilsome and time-consuming work when ligase dependent 

molecular cloning is applied.  However, gateway cloning overcame this barrier by taking 

advantage of topoisomerase-mediated cloning, and applying exact and site-specific 

recombination system of lambda phage in E. coli.  Once GOI is inserted in gateway-

entry vector having compatible recombination sites, it can be recombined and transferred 

into numerous destination vectors that carry recombination sites (Hartley, 2000; Early et 

al., 2006). 

First, polymerase chain reaction is used to both amplify target DNA and add CACC 

sequence at its 5’ end.  DNA with this specific sequence can easily be inserted into the 

entry vector by topoisomerase-mediated cloning (Early et al., 2006).  The usage of the 

topoisomerase allows DNA to be cut and rejoined at the same time with high specificity.  

This is the one reason that makes gateway cloning much simpler than ligase dependent 

cloning (Shuman, 1994).  

In order to be recombined, entry and destination vectors have their own specific 

recognition sites namely attL and attR, respectively.  Transfer of GOI from entry to 

destination is achieved by LR clonase reaction.  After the reaction, negative selection 

marker can select destination vectors with GOI.  Empty destination vectors include gene 

called ccdb between attR sites, and protein encoded from ccdb is lethal to the most E. 

coli strains.  Therefore, only colonies containing destination vector with GOI can be 

survived when combining the antibiotic selection in which colonies with entry vector 

cannot grow (Hartley et al., 2000). 
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Figure 1.4: Schematic overview of target gene is captured in entry vector, and 

recombined to destination vector in Gateway cloning system.  First, the target sequence 

is joined CACC sequence at its 5’ end by PCR amplification method. This 5’ end 

extension is important for directional topoisomerase-mediated cloning (1). Then, this 

PCR product is ligated into pENTR/D-TOPO vector by topoisomerases attached to its 

both ends (2).  pENTR/D-TOPO having target sequence undergo recombination with 

destination vector between attL and attR sites by LR clonase reaction enzyme mix (3).  

Non-recombined destination vectors contain ccdB gene between attR sites, and its 

product is toxic to the E. coli cells. As a result, only cells having destination vectors with 

target sequence survive (4) (Early et al., 2006). 



 

14 
 

 1.5.1 pK7WGF2 vector 

pK7WGF2 vector is a binary T-DNA vector used in agrobacterium-mediated gene 

transformation.  Since it is a destination vector of Gateway cloning system, insertion of a 

gene of interest (GOI) is fast and easy.  The GOI transfer is occurred between attL and 

attR sites from entry vector to pK7WGF2 via LR reaction of Gateway cloning (Karimi et 

al., 2002). 

pK7WGF2 vector is generally used in subcellular localization of a candidate protein due 

to its N-terminus GFP fusion to a target protein (Karimi et al., 2002).  It has 

spectinomycin (Sm) and streptomycin (Sp) resistances in bacterium, and kanamycin 

(Kan) resistance in plant. Between attR sites, ccdB gene is located.  Therefore, 

successful transformants are negatively selected for colonies containing pK7WGF2 

vector with GOI.  The vector map is represented in Figure 1.5. 
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Figure 1.5: Binary pK7WGF2 vector map (Karimi et al., 2002). 

 

1.6  Immunoprecipitation 

Immunoprecipitation is a method that purifies the protein or protein complexes from 

crude protein or cell extract sample via explicit antibodies.  After purification, Western 

blot can be used to determine whether any interactor protein(s) precipitated together 

with purified protein.  For last few decades, this procedure had been commonly applied 

to determine the interaction between two or more proteins, which explains signaling 

pathway of the cell (Hall, 2004). 
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1.6.1  Co-immunoprecipitation 

For prediction of the protein-protein interaction, co-immunoprecipitation is one of the 

most popular methods.  This method is effective when in vivo protein-to-protein 

interaction remained intact under in vitro condition.  In co-immunoprecipitation, there is 

a bait protein, which has specific antibody to bind, and prey proteins.  If there is a stable 

interaction between bait and prey(s), they will be co-immunoprecipitated.  This 

procedure is used not only to test two candidate proteins, which are interacting or not, 

but also to find new associated partners with bait protein in vivo (Adams et al., 2002).  

In every new target (bait) protein, the high quality antibody is needed to be prepared, 

which is the cumbersome and time-consuming step in co-immunoprecipitation.  

Generating and purifying monoclonal and polyclonal antibodies often lead to containing 

unknown protein contaminants from immunoglobins used in purification step.  Also, 

high specificity and affinity of the antibody against the target is foremost important, and 

successive results are completely dependent on antibody quality (Seraphin et al., 2002).  

 

1.6.2  Tagged-protein immunoprecipitation 

Tagged-protein immunoprecipitation (TPI) is used to purify target proteins with its 

interactors.  Unlike co-immunoprecipitation in which antibodies are used in detection 

and purification, target protein fused with peptide tag in its N- or C-terminus.  After 

tagged proteins are expressed in a natural host cell or an organism, extract or protein 

isolation is prepared and target protein is co-purified with its interactors.  Then, this 

purified sample mixture is separated on a gel and identification of candidate interactors 

can be achieved by mass spectrometry or Edman degradation (Seraphin et al., 2002). 

TPI method allows us to recover and purify the protein complexes with high purity 

from extract containing low amount of target protein and its interacting companions. 
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Unlike classic biochemical purification and co-immunoprecipitation, in TPI, 

experimental design or fragment does not need to be altered in every new target. 

Furthermore, TPI is fast, specific and effectual method since it applies same principle 

from co-immunoprecipitation.  In addition, this strategy has less background 

contamination, resulting from cellular extracts or material from affinity column, than 

co-immunoprecipitation (Seraphin et al., 2002). 

 

1.7  PstHa2a5 gene 

PstHa2a5 gene was identified and reported as a Puccinia striiformis f. sp. tritici gene.  

The gene expression level analysis showed that PstHa2a5 expressed about 120 times 

greater in infected leaves than that in urediniospores.  Moreover, there was no 

homologous sequence found in the studied plant genome (Yin et al., 2009).  According 

to its increased gene expression level in infected plants, the PstHa2a5 gene possibly 

have important role in plant disease formation by pathogen. 

There has a strong indication that PstHa2a5 might be an effector gene due to its signal 

peptide sequence and cleavage site.  Effector candidates can have YXC, FXC or WXC 

(X can be any amino acid) motif occurring inside the first 27 amino acids from the site 

of the signal peptide cleavage (Godfrey et al., 2010).  The investigation of amino acid 

sequence of PstHa2a5 was showed presence of FKC at the cleavage site, whose length is 

24 amino acids (FKC motif starts from 25
th

 amino acid) from the start.  

According to the literature research and gene databases to date, PstHa2a5 gene is newly 

found and, its function and interaction with other proteins are unknown. 
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1.8  Aim of the study 

Cultivated cereals such as maize, rice, wheat, and barley are the majority food source of 

human beings.  However, biotic and abiotic stresses result huge yield loss of these 

cereals in the world including Turkey.  Over the last century, the usage of chemical 

control of the plant diseases was deployed in agriculture, which has been the one 

solution to the biotic stress. But, generally these chemicals are not friendly to the 

environment.  Moreover, its price of production and storage are expensive.  

On the other hand, genetically resistant plants against the pathogen can be an effective 

solution of the yield losses.  Understanding the pathogen infection in level of genomics 

and proteomics is the starting point. 

The objective of this study is to find the interactor protein(s) of candidate effector that is 

encoded by PstHa2a5 gene toward understanding its function in planta.  To achieve this, 

PstHa2a5 gene was engineered such that its protein product fused with FLAG-tag at N-

terminus.  Then, the gene construct was cloned in pJL48-TRBO vector for expression in 

N. benthamiana.  The tagged-protein immunoprecipitation was conducted to capture host 

factor later to be identified using mass spectroscopic analysis. Additionally, the 

subcellular localization of the candidate effector, PstHa2a5, was investigated. 
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CHAPTER II 

MATERIALS and METHODS 

 2.1 Plant materials and growth conditions 

2.1.1  Nicotiana benthamiana  

Nicotiana benthamiana plants were grown at 16-hour light and 8-hour dark cycle at 

average temperature of 24 °C.  In agro-infiltration, 4- to 6-week old plants were used. 

 

2.1.2  Wheat growth and yellow rust inoculation 

Avocet-S, susceptible wheat plant, seeds were planted and placed in growth chamber: 

16-hour light at 18 C and 8-hour dark at 15 C.  After 2 weeks incubation, plants were 

ready for inoculation with second leaves emerged.  Leaves of the plant were inoculated 

with yellow rust spores (TR-09/97).  Then, pathogen infected plants were grown at 10 C 

with saturated humidity in complete darkness for 18-24 hours.  The following day 

growth chamber was set to the normal growth condition; 16-hour light at 18 C and 8-

hour dark at 15 C.  Finally, 8 days old infected wheat leaves were collected, frozen 

immediately in liquid nitrogen and stored at -80 C for total protein isolation. 
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2.2  PstHa2a5 gene construct 

PstHa2a5 gene (GH737102.1) sequence (Figure 2.1) was obtained from Expressed 

Sequence Tag (EST) records of National Center of Biotechnology Information (NCBI).  

The signal peptide of protein encoded by the gene was predicted by using ‘SignalP 4.0 

Server’ tool (http://www.cbs.dtu.dk/services/SignalP/). 

The gene sequence was fused with FLAG-tag at the 5’ end for ‘Tagged-protein 

immunoprecipitation’.  Restriction sites PacI at 5’ and NotI at 3’ end were added for 

directional cloning into pJL48-TRBO vector.  This construct was sent for gene synthesis.  

The gene construct was arrived as synthesized and cloned in pBlueScript II SK. 

 

     PacI           Flag-Tag                   Linker            EK        SP 

GGATTAATTAAATGGACTACAAGGACGACGATGACAAAGTCAAGCTTCTCGAGAATTCCGACGACGACGACAAGcaaag

cttcaacttcttcatcgtattcgcagtgttgttgatcaacactcaattcatttctgtgaagtcgttcaagtgtcccggt

ttgcatggaacgccaagccaaacacatggttattgcaccagatcaatcaccgatgaagaacgaaaggcaaaaaagattg

gcaaggagttcaccatgtggaaggaagaaatcaagacagtcgacgggaaattctcgtgtgataaagtggacttgaatgg

gtcggttgccacagatagcttctgttgtgacgttgcaggtagaattggtgaagttgagaaaagtaaacaagctatgtgg

acaaacaactgctccaaagcatcttagGCGGCCGCAAT 

       NotI 

Figure 2.1: PstHa2a5 gene construct for expression and tagged-protein 

immunoprecipitation.  The gene has own signal peptide (SP) shown in yellow.  The 

FLAG-tag (purple) was fused at the 5’ end of the gene and linker (red) sequence was 

added for expressed protein independence and keeping its biological activity.  

Enterokinase (EK) site (green) is required for cleavage of the protein from FLAG-tag.  

PacI and NotI sites are restriction endonuclease sites for directional cloning.   

 

2.2.1  PstHa2a5 primers  

For removal of the signal peptide from PstHa2a5 gene and gene construction for 

gateway cloning, the following primers were designed (Table 2.1).  Pst2a5-FLAG-FP2 is 
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the primer prepared for removal of the signal peptide and Pst2a5-FLAG-SpFP2 is for the 

amplification of the gene with the signal peptide.  CACC-FLAG primer was used for 

adding CACC sequence at the 5’ end so that these were used in Gateway cloning 

construct.  Pst2a5-FLAG-RP and PstHa2a5-Rev are both reverse primers for PstHa2a5 

gene but former one has NotI restriction site extension and latter starts (reverse primer) 

its amplification from the stop codon of the gene. 

Table 2.1 PstHa2a5 modification primers. 

Primer names Sequences (5’ to 3’) 

Pst2a5-FLAG-FP1 GGATTAATTAAATGGACTACAAGGACGACGATGACAAAGGTCAAGCTTCTC 

Pst2a5-FLAG-FP2 TGCAAACCGGGACACTTGAAGGAATTCTCGAGAAGCTTGACTTTGTCATC 

Pst2a5-FLAG-SpFP2 CGATGAAGAAGTTGAAGCTTTGGGAATTCTCGAGAAGCTTGACTTTGTCATC 

Pst2a5-FLAG-RP ATTGCGGCCGCCTAAGATGCTTTGGAGCAGTT 

CACC-FLAG CACCATGGACTACAAGGACGACGATGACA 

PstHa2a5-Rev CTAAGATGCTTTGGAGCAGTTGTTTGT 

 

2.3  Polymerase chain reaction (PCR) 

The PCR contents and their amounts in one reaction are shown in the Table 2.2.  PCR 

was applied using Simpler Red
TM

 DNA Polymerase (Thermo Scientific AB-1605/A).   A 

master mix was prepared for multiple reactions in order to save time, reduce 

contamination and provide accurate pipetting. 

Table 2.2 Components and their amounts used in PCR. 

In 200 µL PCR tube  Amount  

Template DNA  50 pg-150ng 

10X PCR buffer 5 µL  

dNTPs (20mM) 1 µL 

MgCl2 (25mM) 

Forward primer (10 pmol/µL) 

Reverse primer (10 pmol/µL) 

Taq DNA polymerase (5 unit/µL)      

ddH2O                          

3 µL 

10 pmol 

10 pmol 

0.2 µL (1 unit) 

variable 

Total volume 50 µL 
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After each tube was mixed and span, PCR reaction was started.  PCR conditions were 95 

°C for 2-5 minutes as initial denaturation, 30 cycles: denaturation at 95 °C for 1 minute, 

annealing at 50-58 °C (variable dependent on Tm of the primers) for 45 seconds and 

extension at 72 °C for 1 minute, and lastly 5 minutes final extension at 72 °C.  After 

PCR, the products were electrophorezed on the gel for visualization and the PCR 

purification was performed for further use. 

 

2.4  PCR purification 

In this protocol, the QIAquick PCR purification kit was used.  PB buffer was added to 

the PCR sample with volume ratio of 5 to 1 and mixed by vortex.  The tube was span 

and sample was transferred to a QIAquick spin column placed on 2 mL collection tube 

provided. The column was centrifuged at 13,000 rpm for 1 minute to fix DNA on 

membrane.  Collection tube was emptied and reused.  After that, the column was washed 

by adding 0.75 mL Buffer PE and it was waited at room temperature (RT) for 5-7 

minutes for dissolution of salts in Buffer PE.  Then, it was centrifuged for 1 minute at 

13,000 rpm.  The flow-through was discarded, and centrifuged for another 1 minute at 

13,000 rpm to remove residual wash buffer.  The QIAprep column was placed in a clean 

1.5 mL microcentrifuge tube.  To elute DNA, 30-50 μL Buffer EB (10 mM Tris·Cl, pH 

8.5) was added to the center of each QIAprep spin column, waited for 2-5 minutes, and 

centrifuged for 2 minutes at 13,000 rpm. 

 

2.5  Isolation of plasmid DNA  

For plasmid DNA isolation, Qiagen Plasmid Miniprep kit (Cat. No: 27106, Lot. No: 

124104532) and its protocol were used.  Over-night culture was collected by 

centrifuging at 8000 rpm for 2 minutes in a clean 2.0 mL microcentrifuge tube.  Pelleted 

bacterial cells containing plasmids were re-suspended in 250 μL Buffer P1 (RNase A 
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added).  Then, 250 μL Buffer P2 was added and mixed thoroughly by inverting the tube 

gently several times until the solution becomes completely blue, viscous and slightly 

clear.  No vortex was done because this would result in shearing of genomic DNA.  

After that, 350 μL Buffer N3 was added and mixed immediately by inverting gently 

several times until blue color was disappeared and intense white precipitate was formed.  

The tubes were centrifuged for 10-13 minutes at 13,000 rpm in a tabletop 

microcentrifuge.  A compact white pellet was formed.  The supernatant was applied to 

QIAprep spin column by pipetting. The QIAprep spin column was centrifuged for 1 

minute at 13,000 rpm.  The flow-through was discarded.  After that the column was 

washed by adding 0.75 mL Buffer PE and it was waited at room temperature (RT) for 5-

7 minutes for dissolution of salts in Buffer PE.  Then, it was centrifuged for 1 minute at 

13,000 rpm.  The flow-through was discarded, and centrifuged for another 1 minute at 

13,000 rpm to remove residual wash buffer.  The QIAprep column was placed in a clean 

1.5 mL microcentrifuge tube.  To elute DNA, 30-50 μl Buffer EB (10 mM Tris·Cl, pH 

8.5) was added to the center of each QIAprep spin column, waited for 2-5 minutes, and 

centrifuged for 2 minutes at 13,000 rpm. 

 

2.6  Medium-scale preparation of plasmid DNA  

The bacterial pellet from 100 mL plasmid was re-suspended in 4 mL of Buffer P1 in 

which RNase A was previously added.  The bacteria were re-suspended completely by 

pipetting up and down until no cell clumps remain.  Then, 4 mL of Buffer P2 was added 

and mixed gently by inverting several times, and incubated at room temperature for 5 

minutes.  The lysate appeared viscous.  After that 4 mL of Buffer P3 which was pre-

chilled at 4 ºC was added and mixed immediately but gently by inverting 4-6 times, and 

incubated on ice for 15 minutes.  Lysate became less viscous.  After centrifugation at 

20,000X g for 30 minute at 4 ºC, the supernatant containing plasmid DNA is removed 

promptly.  
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Applying 4 mL of Buffer QBT equilibrated a QIAGEN-tip 100, and the column was 

allowed to pass by gravity flow.  The supernatant containing plasmid DNA was applied 

to the QIAGEN-tip and it was allowed to bind to the membrane by gravity flow.  Then, 

the QIAGEN-tip was washed with 2 x 10 mL of Buffer QC.  After that DNA was eluted 

with 5 mL of Buffer QF in 15 mL high-centrifuge tube. 

DNA was precipitated by adding 3.5 mL (0.7 volume) room-temperature isopropanol to 

the eluted DNA.  Then it was mixed and centrifuged immediately at 15,000X g for 30 

minutes at 4 ºC.  The supernatant was decanted carefully.  At this point, no visible white 

pellet (DNA) was detected. 

Invisible DNA pellet was washed with 2 mL of room temperature 70 % ethanol, and 

centrifuged at 15,000X g for 10 minutes.  At this point, the pellet was invisible, too.  The 

ethanol was decanted very carefully.  Finally, the pellet was air dried for at least 30 

minutes, and re-dissolved the DNA in a 50 µL of 1X TE buffer 3 times in fresh tubes.   

 

2.7  Cloning of the PstHa2a5noSP in pJL48-TRBO vector 

2.7.1  Digestion of vector and insert DNA 

In order to isolate gene of interest, linearization of the vector to produce sticky ends with 

NotI HF (New England Biolabs (NEB)) and PacI (NEB) restriction endonucleases (REs) 

was carried out.  The digestion mixture was prepared as shown in Table 2.3. 
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Table 2.3 Digestion reaction contents and their amounts. 

In 200 µL PCR tube Amount 

Vector or insert DNA 500ng-3µg 

PacI (10,000unit/mL) 0.5µL (5 unit) 

NotI HF (20,000unit/mL) 0.25µL (5unit) 

NEB buffer#4 (10x) 

BSA (100X) 

ddH2O                                       

2µL (1X final conc.) 

0.2µL (1X final conc.) 

variable 

Total 20 L 

This mixture was let incubated for 3-5 hours at 37 
o
C.  Digested product was 

electrophorezed on 1% agarose gel. 

 

2.7.2  DNA purification from agarose gel 

Insert and linearized vector DNA bands were cut from agarose gel, and QIAquick Gel 

Extraction Kit (Qiagen) was used and manufacturer’s procedure was applied.  Buffer QG 

was applied to the gel with volume ratio of 3 to 1 (1 mg= ~1 μL).  Mixture was 

incubated at 50-55 °C for 10 minutes; tube was mixed every 2-3 minutes to enhance 

dissolution.  After the gel fragments were dissolved completely in Buffer QG, 1 volume 

of isopropanol was applied to the tube and mixed.  The mixture was poured into 

QIAquick spin column placed in a provided 2 mL collection tube and centrifuged for 1 

minute at 13,000 rpm to bind DNA.  The flow-through was discarded, and 0.5 mL of 

Buffer QG was added to QIAquick column and centrifuged for 1 minute at 13,000 rpm.  

After that the column was washed by adding 0.75 mL Buffer PE and it was let sit at RT 

for 5-7 minutes for removal of salts.  Then, it was centrifuged for 1 minute at 13,000 

rpm.  The flow-through was discarded, and centrifuged for another 1 minute to remove 

residual wash buffer.  The QIAprep column was placed in a clean 1.5 mL 

microcentrifuge tube.  To elute DNA, 20-50 μL Buffer EB (10 mM Tris·Cl, pH 8.5) was 

added to the center of each QIAprep spin column, waited for 2-5 minutes, and 

centrifuged for 2 minutes at 13,000 rpm. 
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2.7.3  Ligation reaction 

After purification of DNA from the gel pieces, ligation reaction was performed by 

combination of the components in Table 2.4. 

Table 2.4 Ligation mixtures and amounts. 

In 200 µL PCR tube Amount 

10X T4 ligase buffer 2 L (1X final conc.) 

Vector ‘x’ mol 

Insert DNA ‘5x’ mol 

T4 ligase (5 unit/µL) 

ddH2O                                       

0.2 L 

variable 

Total 20 L 

Tube was incubated at 22 ᴼC for 1 hour in a Thermocycler. 

 

2.7.4  Preparation of Dh5-α competent cells 

E. coli DH5-α single colony was inoculated in 2 mL of LB (10 g tryptone, 5 g yeast 

extract, 10 g NaCl, 3.2 mL NaOH (0.5 M), up to 1 L ddH2O) with no antibiotic.  Culture 

was incubated overnight at 37 ºC while shaking at 250 rpm.  The following morning, 100 

mL of LB was inoculated with 1 mL of saturated overnight culture.  The culture was 

incubated until OD600 reached 0.375 nm at 37 ºC while shaking at 250 rpm.  Culture was 

transferred into 2 pre-chilled sterile 50 mL falcon tubes and rested on ice for 10 minutes.   

Bacterial cells were pelleted by centrifuging at 5000 rpm for 10 minutes, 4 ºC.   

Supernatant was discarded.   Pellets were placed on ice and re-suspended in 10 mL cold 

100 mM CaCl2 solution by up and down.  The cells were centrifuged with a 5000 rpm 

for 5 minutes at 4 ºC.  Supernatant was discarded and re-suspended in 10 mL cold CaCl2 

solution.  Tubes were set on ice 30 minutes.  The cells were centrifuged with 5000 rpm 

for 5 minutes at 4 ºC.  Supernatant was removed and cells were re-suspended in 2 mL 

cold CaCl2 solution.  The suspension was kept on ice at least 5 minutes.  Finally; the 
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bacterial solution was aliquoted in 1.5 mL microcentrifuge tubes, each containing 50 µL 

Dh5-α competent cell.  Then, tubes were stored at -80 ºC for up to 1 year. 

 

2.7.5  Transformation of ligation product into E. coli Dh5-α competent cell 

10 µL ligation product was mixed with 50 µL of E. coli Dh5-α competent cells in 1.5 

mL microcentrifuge tube.  The mixture was rested on ice for 10 minutes.  Heat-shock 

was applied by placing the tube in water bath at 42 °C for exactly 45 seconds.  Then, the 

tube was transferred onto the ice immediately and was kept on ice for 5 minutes.  After 

that 600 µL LB (10 g tryptone, 5 g yeast extract, 10 g NaCl, 3.2 mL NaOH (0.5 M)), up 

to 1 L ddH2O)  was added and the tube was incubated 37 °C for 1-2 hours with shaking 

at 150 rpm.  LB agar (10 g tryptone, 5 g yeast extract, 10 g NaCl, 15 g agar,  3.2 mL 

NaOH (0,5 M)), up to 1 L ddH2O) plates containing appropriate antibiotics were spread 

with 200, 100, and 50 µL cells.  Transformants were let grown at 37 °C, overnight.   

From the plates, several colonies were selected and insert DNA was confirmed with PCR 

amplification. 

 

2.8  Agrobacterium-mediated gene transformation 

2.8.1  GV3101 (pMP90) electro-competent cell preparation 

GV3101 (pMP90) cell was requested from Dr. Csaba Koncz, Max-Planck Institute Plant 

Breeding Research Department, Cologne, Germany. 

GV3101 (pMP90) stock cells were streaked on LB-tetracycline (Tet) (2.5 µg/mL) plate 

and grown 2 days at 28 ºC.  Then, single colony was inoculated in 5 mL LB-Tet (5 

µg/mL) and incubated overnight (~16 hours) at 28 ºC with 250 rpm shaking.  From this 
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overnight culture, 1 mL was taken and inoculated in 100 mL LB-Tet (5 µg/mL) media, 

which was grown overnight at 28 ºC with shaking.  Following morning, optical density 

(OD) of medium was measured and the target range was 0.5-0.7.  Culture was divided 

into two 50 mL falcon tubes and chilled on ice for 30 minutes.  Tubes were centrifuged 

for 15 minutes at 3500 rpm, 4 ºC and then supernatant was discarded.  Pellet was washed 

with 50 mL ice cold 10 % glycerol. Tubes were centrifuged another 15 minutes at 3500 

rpm, 4 ºC.  Pellet was washed one more time and centrifuged again.  Supernatant was 

poured off and each pellet was re-suspended in 200 µL GYT (10 % glycerol, 0.125 % 

yeast extract, 0.25 % tryptone) medium.  Finally, the medium was aliquoted in 1.5 mL 

microcentrifuge tubes, each containing 50 µL competent cell medium.  Then, tubes were 

stored at -80 ºC. 

 

2.8.2  Electroporation 

50 µL GV3101 (pMP90) competent electroporation cells were mixed with 2 µL ligation 

reaction/plasmid.  The mixture was cooled on ice ~10 minutes.  Then, the mixture was 

transferred into a pre-cooled pulser cuvette (with 1 mm gap).  This cuvette was zapped at 

2.2 kV (Cellject duo, Therma corporation).  Next, 1 mL of SOC medium was added to 

the mixture.  After that medium was transferred to 1.5 mL tube and grown at 28 
o
C for 

1.5 hour.  LB agar (10 g tryptone, 5 g yeast extract, 10 g NaCl, 15 g agar,  3.2 mL NaOH 

(0,5 M)), up to 1 L ddH2O) plate containing appropriate antibiotics was spread with 100 

µL of cells and incubated at 28 
o
C for 2-3 days.  Putative colonies were selected for 

further analysis. 
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2.8.3  Agro-infiltration 

In agro-infiltration protocol, the solutions and mediums were pre-prepared (Table 2.5). 

Table 2.5 Materials used in agro-infiltration. 

Materials Concentration and content 

LB media  10 g tryptone, 5 g yeast extract, 5 g NaCl per L 

MES pH 5.7 0.5 M 

Acetosyringone  0.1 M in DMSO 

MgCl2 1 M 

L-MESA 10 mM MES pH 5.7, 20 μM Acetosyringone in LB media 

Agroinduction media 10 mM MES pH 5.7, 10 mM MgCl2 150 μM Acetosyringone in ddH2O 

Kanamycin (Kan) 50 µg/mL 

Rifampicin (Rif) 10 µg/mL 

Gentamicin (Gen) 25 µg/mL 

 

In L-MESA and Agro-induction media, acetosyringone was added just before use. 

Antibiotic concentrations are final concentration in L-MES and L-MESA. 

From the plates, Agrobacterium colonies were taken and inoculated into 3 mL L-MES 

(with Kan, Rif, and Gen) broth in 15 mL falcon tubes.  The tubes were incubated at 28 

°C for 24 to 30 hours, with shaking (250 rpm), until culture should be very dense in late 

log or stationary phase.  From this culture, 500 μL of Agrobacterium culture was taken 

and inoculated in 5 mL L-MESA (with Kan, Rif and Gen) and grown in shaker at 28 °C, 

250 rpm, about 6-8 hours.  OD600 was recorded after 6-8 hours of culturing. OD 

measurement was targeted more preferably between 0.8 and 1.0.  Then, Agrobacterium 

cells were harvested by centrifuging at 3500X g for 10 minutes in microcentrifuge.  

Supernatant was poured off without disturbing the cell pellet.  The remaining cell pellet 

was added with appropriate volume of agro-induction media such that an OD600 resulted 

1.0.  
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Agrobacterium cells in induction media were let stand for overnight at room temperature 

on bench top.  Leaves, about to infiltrate, were labeled properly.  Undersides of the 

leaves were infiltrated by using 0.5 mL syringe without needle at the center of the one 

half of the leaf, when opposite side of the leaf was blocked with a gloved finger. 

 

  

Figure 2.2: Agro-infiltration of Nicotiana benthamiana leaf (Chadres 2009, 

http://en.wikipedia.org/wiki/File:Agroinfiltration.jpg). 

http://en.wikipedia.org/wiki/File:Agroinfiltration.jpg
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2.9  Protein extraction and immunoprecipitation 

2.9.1  Total protein extraction 

Depending on their sizes, 3-4 leaves were frozen in liquid nitrogen and ground into 

powder using a mortar and a pestle.  During the grinding, it was made sure that samples 

were constantly frozen with liquid nitrogen.  After grinding, over 1 gram of leaf powder 

was weighed on a pre-chilled aluminum foil and 2 mL of ice-cold extraction buffer 

(GTEN (10 % glycerol, 25 mM Tris pH 7.5, 1 mM EDTA and 150 mM NaCl), 2 % w/v 

PVPP, 10 mM -mercaptoethanol, 1X protease inhibitor and 0.1 % Tween 20) was 

added to the powder in a 15 mL centrifuge tube.  The contents were mixed by vortex to 

increase contact of powder with the extraction buffer.  The tube was kept on ice until the 

powder was thawed completely in the extraction buffer and it was mixed thoroughly by 

vortex for 20-30 seconds.  Then, the tube was centrifuged at 3000X g for 10 minutes at 4 

ºC and supernatant was transferred into a new 2 mL microcentrifuge tube.  This tube was 

centrifuged at full speed (21400X g) in a microcentrifuge for 10 minutes at 4 ºC and 

supernatant was again transferred to a new tube.  From this solution, 250 L was taken 

and added to a new 2 mL microcentrifuge tube and, then tube was filled up to 1.5 mL 

with immunoprecipitation (IP) buffer (GTEN and 0.1% Tween 20) and kept on ice for 

further use.  Remaining extract was frozen in nitrogen and stored at -80 C. 

 

2.9.2  Tagged-protein immunoprecipitation 

Anti-FLAG M2 affinity gel vial was tapped several times. The resin was mixed gently 

by pipetting with a cut tip. Then, 100 L resin was transferred into a 2 mL 

microcentrifuge tube and centrifuged at 800X g for 1 minute.  Supernatant was carefully 

discarded by appropriate pipet (10 L) or 1 mL syringe with needle.  Resin (pellet) was 
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re-suspended with 5x IP buffer and centrifuged at 800X g for 1 minute; then supernatant 

was removed as mentioned earlier.  This re-suspension followed by centrifugation step 

was repeated twice again.  After that, resin was re-suspended with IP buffer to its 

starting volume (100 L).  50 L resin was added to each extract sample which was 

previously prepared in section 2.9.1.  Then, the tube was placed horizontally on ice (at 4 

C) and shaken for over 1 hour.  The mixture was centrifuged at 800X g for 30 seconds 

and supernatant was removed; then pellet was re-suspended in 1 mL IP buffer.  This 

washing step was done four more times.  After final wash by using 10 L pipet or 1 mL 

syringe with needle, the remnant liquid was removed very carefully so that the beads 

were not disturbed.  To elute the bound proteins from the beads, 100 L IP buffer with 

150 ng/L FLAG tag peptide (Thermo Scientific, Cat. No: PEP-087) was added and the 

mixture was gently shaken for 30 minutes at 4 C.  Eluted proteins (supernatants) were 

transferred to new tubes.  

 

2.10  SDS-PAGE 

2.10.1  Materials and preparation of the SDS-PAGE gel 

For SDS-Polyacrylamide Gel Electrophoresis experiment, resolving buffer (1.5 M Tris 

HCl, pH 8.8), stacking buffer (0.5 M Tris HCl, pH 6.8), 10 % SDS, 30 % 

acrylamide/bisacrylamide (29.2 % acrylamide and 0.8 % bisacrylamide), 10 % 

ammonium persulfate (APS) prepared just before use, NNNN-

Tetramethylehylenediamine (TEMED), running buffer 10X (30.3 g Tris base, 10 g SDS 

and 144 g glycine dissolved; then volume brought up to 1 L ddH2O), sample loading dye 

4X (0.2 M Tris HCl pH 6.8, 8 % SDS, 40 % glycerol, 4 % -mercaptoethanol, 50mM 

EDTA, and 0.08 % bromophenol blue) and pre-stained broad range SDS-PAGE protein 

marker (Bio-Rad, Cat. No: 161-0318) 
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Glass plates for mini protein electrophoresis were assembled and agarose gel was poured 

to seal the bottom.  After solidification, leakage was controlled by ddH2O.  Then, 15 % 

resolving gel was made by combining 2.5 mL separating buffer, 100 L 10 % SDS, 5 

mL 30 % acrylamide/bisacrylamide, 2.35 mL ddH2O, 50 L 10 % APS, and 6 L 

TEMED (just before pouring the gel).  Before adding APS and TEMED, mixture was 

passed through glass wool for cleaning dust particles.  After addition of APS and 

TEMED, the gel was poured immediately between the glass plates.  The gel was waited 

for over 30 minutes to solidify and then, stacking gel was prepared. Stacking gel 

ingredients includes 1.25 mL stacking gel buffer, 40 L 10 % SDS, 0.6 mL 30 % 

acrylamide/bisacrylamide, 3.10 mL ddH2O, 20 L 10 % APS, and 8 L TEMED (just 

before pouring the gel).  Dust particles were removed same as above using glass wool. 

This mixture immediately poured on top of the resolving gel and comb was placed.  It 

was waited for at least another 1 hour to completely polymerize the gel.  

 

2.10.2  Running the SDS-PAGE gel 

Glass plates with gel were assembled on gel electrophoresis tank.  Inner and outer 

chambers of the tank were filled with 1X running buffer, and the comb was removed 

very carefully.  Then, 2.5 L of pre-stained protein marker and 32 L (24 L sample and 

8 L of 4X protein loading dye) of samples from immunoprecipitation (section 2.9.2) 

loaded such that leaving 1 well empty between every two samples. The gel was run at 

constant voltage 100V.  

 

2.10.3  Protein gel staining 

SYPRO
R
 Ruby protein gel stain (Bio-Rad, Cat. No: 170-3125) and its instruction manual 

were used for the gel staining protocol.  
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The gel was separated from the glass plates and rinsed with ddH2O briefly.  Since the gel 

was 1D, the fixation was not required and gel was placed in 50 mL of SYPRO Ruby 

protein gel stain with plastic container.  Over-night staining was performed with gentle 

shaking.  The gel was transferred into 10 % methanol, 7 % acetic acid solution for at 

least 30 minutes for removal of the background fluorescence.  Then, bands were 

visualized under UV illumination.  

 

2.11  Gateway cloning 

To do gateway cloning, GOI (PstHa2a5) was inserted in entry vector (pENTR
TM

/D-

TOPO) by topoisomerase-mediated cloning.  Then, entry vector was transferred the gene 

into desired destination vector (pK7WGF2) by LR clonase reaction.  

 

2.11.1  pENTR/D-TOPO cloning 

First of all, PstHa2a5 gene was amplified by PCR.  Reaction condition and components 

were the same as mentioned in section 2.3, except annealing temperature (58 C), 

template DNA (PstHa2a5), and forward & reverse primers (CACC FLAG and PstHa2a5, 

respectively in Table 2.1). 

Invitrogen pENTR
TM

 Directional TOPO
R
 cloning kit and its protocol were used in this 

cloning reaction.  Addition of 0.5-4 L fresh PCR product, 1 L salt solution, 1 L 

pENTR/D-TOPO vector and sterile H2O up to 6 L were in 200 L PCR tube and mixed 

gently.  The tube was incubated for 30 minutes at 22-23 C.  Afterwards, tube was 

transferred on ice and reaction products were transformed in to competent Dh5 E. coli 

cells.  Transformation protocol was followed section 2.7.5 with the exception of 

transformed reaction product was 2 L and transformed colonies were selected on agar 
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plates with 50 g/mL kanamycin.  From successful transformed single colony, plasmids 

were isolated according to the section 2.5. 

2.11.2  LR clonase reaction 

LR clonase reaction is used in transferring GOI from entry vector to destination vector.  

In this reaction, Invitrogen Gateway
R
 LR Clonase

TM
 II Enzyme Mix kit was used.  The 

kit has pENTR-gus for the positive control.  In table 2.6, the components and their 

amounts used in LR reaction were given. 

Table 2.6 LR clonase reaction components and their used amounts. 

Component Negative control Positive control GOI (PstHa2a5) 

pENTR-gus (50ng/L) - 2 L - 

pENTR-PstHa2a5 (70ng/L) - - 2 L 

pK7WGF2 (200ng/L) 1 L 1 L 1 L 

TE buffer 7 L 5 L 5 L 

LR Clonase Enzyme mix 2 L 2 L 2 L 

Total 10 L 10 L 10 L 

 

Reaction components were mixed in 200 L PCR tubes at room temperature.  LR 

Clonase
TM

 II Enzyme mix was kept on ice for about 2 minutes to thaw and mixed briefly 

by vortex.  Then, 2 L of this mix was added to each tube and mixed shortly by vortex. 

LR Clonase
TM

 II Enzyme mix was turned back to storage at -20 C.  Reaction occurred 

for one hour at 25 C, and addition of 1 L Proteinase K solution was required for each 

tube to end the reaction.  Tubes were mixed briefly by vortex and incubated for 10 

minutes at 37 C. 

For transformation, the protocol in section 2.7.5 was followed: 2 L of reaction products 

were transformed and desired colonies were grown on 100 g/mL spectinomycin agar 

plates. 



 

36 
 

CHAPTER III 

RESULTS and DISCUSSION 

3.1  Transformation of pBSK-PstHa2a5 plasmid 

The pBSK-PstHa2a5 plasmid was transformed into E. coli Dh5 competent cell.  LacZ 

gene in pBSK encodes the enzyme -galactosidase that cleaves the X-gal molecule.  As 

a result of this, colony changes color from white to blue.  Due to insertion of PstHa2a5 

in multiple cloning sites part of the LacZ gene, insert containing color of the colonies 

should be white.  However, in our case, all the colonies were blue instead of white.   

Therefore, plasmid was needed to be checked by double digestion for presence of the 

PstHa2a5 gene.  There was a band that has a size of the PstHa2a5 gene after digestion 

(Figure 3.3).  Moreover, more confirmed results came from sequencing of the gene after 

cloning it into pJL48-TRBO vector.  The gene sequence was correct as well as its size.  

The reason of the colonies being blue in color might be because our gene size was not 

big enough to inactivate the LacZ gene, and at the same time, insertion of the PstHa2a5 

did not result in frameshift in LacZ sequence.  However, PstHa2a5 gene frame itself 

must be disturbed causing read through the stop codon and a functional LacZ gene 

product.   

 

3.2  Isolation of pBSK-PstHa2a5 plasmid 

pBSK-PstHa2a5 plasmid was isolated from Dh5 cells and isolated plasmid was 

visualized on 1% agarose gel.  There were more than one band because of different 



 

37 
 

forms of plasmid DNA topology such as open circular, supercoiled circular, and 

concatamers. 

 

 

Figure 3.1: Plasmid isolation of pBSK-PstHa2a5 result on Nanodrop. 
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Figure 3.2: Plasmid isolation of pBSK-PstHa2a5/Dh5α.  M: 1 L of 1 kb DNA ladder 

(Fermentas, SM0311), and 2
nd

, 3
rd

 and 4
th

 wells were pBSK-PstHa2a5 samples each 

containing 5 L after plasmid isolation. 
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3.3  Double digestion of pBSK-PstHa2a5  

Isolated pBSK-PstHa2a5 plasmid was double digested with NotI and PacI restriction 

endonucleases (Figure 3.3) to confirm the correct size and to purify it.  According to the 

bands on the agarose gel (Figure 3.3), double digestion of pBSK-PstHa2a5 showed that 

plasmid isolated in section 3.2 has no contamination of chromosomal DNA since there 

were 2 bands, which were in size of pBSK plasmid and PstHa2a5 gene. 

 

 

 

 

 

 

 

 

 

Figure 3.3: Double digestion of the pBSK-PstHa2a5 plasmid.  M1: 1 L of 1 kb DNA 

ladder (Fermentas, SM0311), M2: 1 L of 100 bp DNA ladder (Fermentas, SM0241), 

uncut pBSK-PstHa2a5 plasmid in 2
nd

 well, and double digested (with NotI and PacI) 

pBSK-PstHa2a5 plasmid in 3
rd

 well were visualized.  PstHa2a5 gene (422 bp) was 

observed at expected position. 
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3.4  Removal of signal peptide from the PstHa2a5 gene by using PCR method 

To exclude the signal peptide from PstHa2a5 gene, Psta2a5-FLAG-FP2 and Psta2a5-

FLAG-FP1 were used as forward primers and Psta2a5-FLAG-RP was used as reverse 

primer in PCR amplification.  There were two PCR reactions.  First reaction used 

Psta2a5-FLAG-FP2 and Psta2a5-FLAG-RP primers in which signal peptide was 

removed from the gene.  Then, this PCR product was purified and used in second PCR 

by applying Psta2a5-FLAG-FP1 and Psta2a5-FLAG-RP primers, which completes the 

PstHa2a5.no.SP gene construct (Figure 3.4) by adding FLAG-tag sequence and PacI site 

at the 5’ end.  Finally, final PCR product was electrophorezed on 1% agarose gel for size 

confirmation (Figure 3.5) and its expected size was 349 bp.  

 

   

Figure 3.4: PstHa2a5.no.SP gene construct.  The FLAG-tag (purple) was fused at the 5’ 

end of the gene, and linker (red) sequence was added for expressed protein independence 

and keeping its biological activity.  PacI and NotI are the restriction endonuclease sites 

for directional cloning.   
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Figure 3.5: Agarose gel of the PstHa2a5 construct without signal peptide. M: 1 L 

DNA marker (100-5000 bp lyophilized A3660, AppliChem).  In the 2
nd

 well, PstHa2a5 

without signal peptide (expected size: 349bp) was visualized after PCR amplification.  

 

 

 

M
 

 P
st

H
a2

a5
 

(n
o

S
P

) 
 



 

42 
 

3.5  Double digestion of PstHa2a5.no.SP gene and pJL48-TRBO vector 

Before digesting PstHa2a5.no.SP gene (insert DNA) which was prepared in section 3.4, 

PCR Purification protocol was performed as in section 2.4.  After that, DNA 

concentration was determined to be 104 ng/L using Nanodrop. 

Since pJL48-TRBO is a low copy number plasmid, it was preferred to be isolated using 

‘medium scale isolation kit’ (Section 2.6 and Figure 3.6).  Its concentration was 146 

ng/L. 

Over 1000 ng of PstHa2a5.no.SP and 2000 ng vector were double digested with NotI and 

PacI restriction endonuleases as mentioned in section 2.7.1.  The digestion was carried 

out by overnight incubation to get fully digested vector.  However, PacI restriction 

endonuclease cleaved non-specific site (TTAATTAC), which is the same recognition 

site of PacI (TTAATTAA) except the last nucleotide, in pJL48-TRBO vector at 875th 

nucleotide from the start.  This cleavage separated the vector in two parts 

(5720bp/4886bp) which was confirmed by running digested vector in agarose gel and by 

sequencing.  As a result, the vector could not be used in molecular cloning since it was 

cut in half. 

To obtain full-length double digested pJL48-TRBO vector, restriction digestion protocol 

was optimized.  The incubation time was reduced to 3 hours from overnight incubation 

to avoid non-specific cleavage, and less amount of vector (800 ng) was cut to get full 

digestion of the vector in shorter incubation time.  In addition to this, digestion with PacI 

and NotI was performed separately because these restriction sites are close to each other, 

in which two enzymes can compete with each other resulting less efficient digestion.  

Restriction products were separated from their fragments by electrophoresis on 1 % 

agarose gel (Figure 3.7).  The vector DNA was purified from agarose gel as in Section 

2.7.2. 
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A)                                                                                   B) 

 

Figure 3.6: Isolation of pJL48-TRBO plasmid.  A) Concentration determination of 

pJL48-TRBO on Nanodrop. B) Visualization on 1% agarose gel. M: 1 L of 1 kb DNA 

ladder (Fermentas, SM0311), and 2
nd

 well was pJL48-TRBO plasmid sample 

containing 5 L after plasmid isolation. 
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Figure 3.7: Double digested (with NotI and PacI) PstHa2a5.no.SP gene of PCR product 

after purification and pJL48-TRBO vector.  Lanes contain restriction reaction products 

that were gel extracted.  M: 1 L of 1 kb DNA ladder (Fermentas, SM0311). 

 

3.6  Ligation reaction 

In molecular cloning, molar ratio of insert DNA and vector is very important.  In order to 

obtain high efficiency in ligation reaction, the insert DNA should have higher (2-6 times) 
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molar concentration than that of vector.  Moreover, fully double digested vector is 

crucially important to avoid false positive results after transformation.  In gel extraction, 

it was observed that exposure to UV light for long time reduced the ligation efficiency 

significantly.  So, UV exposure time was kept as short as possible.  Another important 

factor was salt concentration in both insert DNA and vector samples.  To reduce salt 

concentration, membrane bound DNA kept for elongated period in wash buffer during 

gel extraction protocol to allow time to dissolve salt in buffer.  This extended washing 

step was also followed in plasmid isolation and PCR purification kit protocols. 

After ligation reaction, ligation product was transformed to E. coli Dh5 competent cells 

and transformants were selected on kanamycin agar plates.  After overnight growth, 

there were over 30 candidate colonies containing pJL4-TRBO-PstHa2a5.no.SP, and 40-

50 candidate colonies that might have pJL4-TRBO-PstHa2a5 in 4 agar plates from both 

of which 6 random candidate colonies were chosen for restriction digestion to control the 

presence of insert DNAs.  Plasmids, isolated from the colonies, were double digested 

with NotI and PacI, and five of pJL48-TRBO-PstHa2a5.no.SP plasmids and two of 

pJL48-TRBO-PstHa2a5 plasmids had insert DNA (Figure 3.8 and 3.9, respectively).  

Empty plasmids could be resulted because of single digested or undigested pJL48-TRBO 

vector.  

Plasmid of 6
th

 colony in Figure 3.8 was chosen for transformation to Agrobacterium by 

electroporation.  All the rest of the plasmids containing insert DNA were stored properly 

for possible further use. 

After transformation of plasmid pJL48-TRBO-PstHa2a5.no.SP to electro-competent 

Agrobacterium pMP90/GV3101 strain, plasmid isolation and double digestion with NotI 

and PacI were repeated for confirmation.  Then, the clone was sequenced by RefGen 

Biotechnology (Ankara/Turkey). 
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Figure 3.8:  Verification of the cloning of PstHa2a5.no.SP gene into pJL48-TRBO 

vector. Plasmids of 6 randomly chosen colonies, were double digested with NotI and 

PacI, were indicated as 1, 2, 3, 4, 5 and 6.  Except the 3
rd

 colony, all includes insert 

DNA and plasmid of 6
th

 colony was chosen for further study. M: 1 L of 1 kb DNA 

ladder (Fermentas, SM0311). 
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Figure 3.9:  Verification of the cloning of PstHa2a5 gene into pJL48-TRBO vector.  

Plasmids of 6 randomly chosen colonies, were double digested with NotI and PacI, were 

indicated as 1, 2, 3, 4, 5 and 6.  Two plasmids (1
st
 and 2

nd
 colonies) out six confirmed 

that they contain insert DNA and colonies having these plasmids were stored properly 

until use. M: 1 L of 1 kb DNA ladder (Fermentas, SM0311). 

 

3.7  Agro-infiltration of Nicotiana benthamiana 

To express our construct pJL48-TRBO-PstHa2a5.no.SP in plant, Agrobacterium, strain 

pMP90 GV3101, containing the construct was inoculated in N. benthamiana leaves.  

Agrobacterium with pJL48-TRBO-GFP and pJL48-TRBO-FLAG-RFP constructs were 

used as controls. To determine agro-infiltration efficiency, GFP and FLAG-RFP 

expressions were examined under microscope (Figure 3.10), 3-day after agro-infiltration.  
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In addition to this, pJL48-TRBO-FLAG-RFP was control in immunoprecipitation 

experiment to figure out FLAG interactor proteins.  

 

 

 

Figure 3.10: GFP and FLAG-RFP expression in Nicotiana benthamiana, 3-day post 

infiltration.  In picture A and B, leaves infiltrated with Agrobacterium containing pJL48-

TRBO-GFP were shot under GFP fluorescence filter at 40X and 10X magnifications, 

respectively.  Pictures D and E were taken using RFP fluorescence filter, and leaf 

infiltrated with Agrobacterium with pJL48-TRBO-FLAG-RFP was shot under 40X and 

10X magnifications, respectively.  In controls, non-infiltrated (normal) leaf was shot in 

picture C and F under GFP and RFP fluorescence filter, respectively, at 40 X 

magnifications.  
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The fact that the GFP expression level was more than that of RFPs might be because of 

FLAG fusion at the N-terminus of the RFP; thereby resulting decreased level of activity 

of the protein.  

 

3.8  Total protein isolation and immunoprecipitation 

In order to isolate and purify the expressed PstHa2a5.no.SP gene product, total protein 

isolation from infiltrated N. benthamiana, and immunoprecipitation experiments were 

performed.  In addition to N. bethamiana, total protein isolation of infected Avocet S, 

wheat susceptible strain, with yellow rust pathogen was performed.  When the leaf 

samples were stored for protein isolation, the yellow rust urediniospores were yet to be 

observable on the wheat plants after 8-dpi period.  Therefore, two seedlings of the 

infected leaves were left uncut and allowed to grow to confirm successful yellow rust 

infection, which was appeared after 15-dpi.  

There were two immunoprecipitation experiments performed in our study.  In the first 

assay, crude protein of N. benthamiana infiltrated with Agrobacterium/pJL48-TRBO-

PstHa2a5.no.Sp, and for control of FLAG interactors, total protein isolated from N. 

benthamiana infiltrated with Agrobacterium/pJL48-TRBO-FLAG-RFP were used for 

immunoprecipitation with anti-FLAG M2 antibody.  The aim of the first 

immunoprecipitation experiment was to control whether FLAG-PstHa2a5.no.SP was 

expressed in N. benthamiana.  Moreover, interaction(s) of the PstHa2a5.no.SP effector 

in N. benthamiana was examined.  After immunoprecipitation, the eluted proteins were 

separated on SDS-PAGE gel (Figure 3.11), which was stained with SYPRO
R
 Ruby 

protein gel stain. 
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Figure 3.11: First immunoprecipitation experiment samples visualized on SDS-PAGE.  

1: PstHa2a5.no.Sp effector purification by anti-Flag M2 antibody from total protein of 

N. benthamiana infiltrated with Agrobacterium containing pJL48-TRBO-

PstHa2a5.no.Sp, 2: FLAG-RFP purification by anti-Flag M2 antibody from total protein 

isolated from N. benthamiana infiltrated with Agrobacterium containing pJL48-TRBO-

FLAG-RFP, M1: 2.5 L of Pre-stained SDS-PAGE standards, Broad range (Cat. No: 

161-0318, BioRad) and M2: representative bands of protein marker (Cat. No: 161-0318, 

BioRad). 

The second immunoprecipitation experiment was similar to the first one.  The difference 

was that anti-Flag M2 antibody beads were incubated and washed two separate protein 

crude samples instead of one; first with total protein of infiltrated leaves of N. 

benthamiana and then, total proteins from infected Avoset-S with yellow rust pathogen. 

           1                                2                             M1               M2              
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Then, the associated proteins were released by addition of FLAG peptide.  To visualize, 

the samples were electrophorezed on SDS-PAGE (Figure 3.12). This 

immunoprecipitation experiment was performed to discover host interactor proteins from 

wheat plant. 

 

 

 

 

 

 

 

 

 

Figure 3.12: Second immunoprecipitation experiment samples visualized on SDS-

PAGE.  1: PstHa2a5.no.Sp effector purification by anti-Flag M2 antibody from total 

proteins of N. benthamiana infiltrated with Agrobacterium/pJL48-TRBO-

PstHa2a5.no.Sp and TPI followed by total proteins of Avocet-S, 2: FLAG-RFP 

purification by anti-Flag M2 antibody from total protein isolated from N. benthamiana 

infiltrated with Agrobacterium/pJL48-TRBO-FLAG-RFP and TPI followed by total 

proteins of Avocet-S, and M1: 2.5 L of Pre-stained SDS-PAGE standards, Broad range 

(Cat. No: 161-0318, BioRad). M2: representative bands of protein marker (Cat. No: 161-

0318, BioRad). 

               1                                  2                            M1             M2 
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According to the Figure 3.11, bands A and E are the expressed proteins of the 

PstHa2a5.no.SP (12 kda) and FLAG-RFP (30 kDa), respectively.  Bands C and D can 

be the candidate interactors of the PstHa2a5.no.SP and FLAG-RFP, respectively.  In 

Figure 3.12 bands A’, C’, D’ and E’ can be the replicates of A, E, C and D bands from 

Figure 3.11.  F and G bands must be from the Avocet-S infected crude proteins and they 

are also present in control sample (FLAG-RFP).  So, they can be the interactors of 

FLAG or non-specific protein contaminations.  B and H bands are the contamination of 

immunoglobin G (IgG) from the agarose beads used during immunoprecipitation (Figure 

3.13).  

Band C’ from Figure 3.12 can be the same protein visualized in band C from Figure 3.11 

based on their size comparisons.  If it is the same interactor, its interaction with the 

effector might inhibit the other weaker interactions to occur.  On the other hand, they 

might be homologous interactors to each other (C from N. benthamiana and C’ from 

Avoset-S) and having similar molecular sizes.  These bands were cut from the gel for 

Mass Spectrometry analysis. 
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Figure 3.13: Second immunoprecipitation experiment samples and immunoglobin G 

(IgG) were visualized on SDS-PAGE for IgG contamination control.  1: PstHa2a5.no.Sp 

effector purification by anti-Flag M2 antibody from total proteins of N. benthamiana 

infiltrated with Agrobacterium/pJL48-TRBO-PstHa2a5.no.Sp and TPI followed by total 

proteins of Avocet-S, 2: FLAG-RFP purification by anti-Flag M2 antibody from total 

protein isolated from N. benthamiana infiltrated with Agrobacterium/pJL48-TRBO-

FLAG-RFP and TPI followed by total proteins of Avocet-S, 3: 5 µL of agarose beads 

containing anti-FLAG M2 antibody was added β-Mercaptoethanol and heated at 95 ˚C 

for 5 minutes and electrophorezed. M1: 2.5 L of Pre-stained SDS-PAGE standards, 

Broad range (Cat. No: 161-0318, BioRad). M2: representative bands of protein marker 

(Cat. No: 161-0318, BioRad). 

 

3.9  Subcellular localization of PstHa2a5.no.SP gene product 

In this part, PstHa2a5.no.SP was amplified with CACC-FLAG forward and Psta2a5-Rev 

reverse primers to add CACC sequence at the 5’ end of the gene.  This PCR product was 

used freshly to be cloned into pENTR/D-TOPO vector.  Then, by Gateway LR 

         1                         2                      3                   M1             M2              
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recombinant reaction, the gene was transferred into pK7WFG2.  After LR reaction 

product was transferred to E. coli TOP10 competent cells, the plasmid was isolated, and 

insert DNA was controlled by PCR amplification (Figure 3.14).   

Negative control plate was empty as expected since there was no entry vector added in 

the reaction, and no recombination has to be occurred.  This result showed ccdB gene 

between attR sites expressed, and negative selection was worked.  On the other hand, 

positive control plates gave several colonies.  This result was expected because we used 

pENTR-Gus vector as entry vector, provided in the Gateway cloning kit (Sigma-

Aldrich). 

 

 

 

 

 

 

 

Figure 3.14: PCR amplification of pK7WGF2-PstHa2a5.no.SP with CACC-FLAG and 

PstHa2a5-Rev primers.  In the 1
st
 well, 5 L of PCR product was loaded, and NT: no 

template added PCR as negative control. M: 1 L of 1 kb DNA ladder (Fermentas, 

SM0311). 

The cloned plasmid pK7WGF2-PstHa2a5.no.Sp was transformed into Agrobacterium 

pMP90-GV3101 competent cells.  Then, this was sent to Sainsbury laboratory in 
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Norwich, UK for subcellular localization.  This part of the experiment was completed by 

Dr. Tolga Osman Bozkurt (former PhD student of the Akkaya Lab), Sainsbury 

Laboratory, Norwich, UK. 

 

Figure 3.15: Subcellular localization of protein encoded by PstHa2a5.no.SP gene in N. 

benthamiana. Agrobacterium tumefaciens- mediated transient expression of GFP-

PstHa2a5.no.SP fusion protein revealed diffused nucleo-cytoplasmic localization. 

Images were taken two-day post infiltration. Confocal microscopy analysis was 

performed on Leica DM6000B/TCS SP5 confocal microscope (Leica Microsystems 

CMS GmbH, Germany). 

This result showed typical localization pattern for a host translocated effector, is 

appearing to be an apoplectic (losing of activity in short period) effector; however, 

further experiments should be conducted in order to fully dismiss the specific association 

of this candidate effector to the membrane via interacting with a host receptor.  In case 

we support our observations with different constructs, too; such as removal of the 
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FLAG-tag, and/or cloning the N-terminus of the GFP, since GFP-PstHa2a5.no.SP fusion 

protein, there is an FLAG-tag present between GFP and amino acid sequence of 

PstHa2a5.no.SP which can affect its biological activity.  Another possible conclusion 

can be that the effector target is cytosolic.  Once the interactor protein, detected between 

125-210 kDa in size, fully identified, the effector is cytosolic or not will be clarified.  

The reason that the effector is not appearing to be localized on the membrane may solely 

be due to improper localization in a dicot plant (in our case Nicotiana benthamiana), 

since this pathogen gene is indeed functioning in a monocot plant. 
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CHAPTER IV 

CONCLUSION 

In this thesis, a candidate Puccinia striiformis f. sp. tritici effector gene, PstHa2a5, was 

studied.  This gene was chosen because of its high expression level with pathogen 

infection and a possible effector motif presence in its amino acid sequence. 

In the first part of the experiment, PstHa2a5 gene sequence was modified for isolation of 

pure and functional putative protein following the gene expression.  The signal peptide 

of the gene was removed, and a FLAG-tag sequence was attached to the N-terminus.  

The gene construct was cloned into pJL48-TRBO vector, and the expression was 

accomplished in N. benthamiana.  After that, a candidate host interactor of PstHa2a5 

was immunoprecipitated from N. benthamiana and using total protein extract of yellow 

rust infected wheat (Avoset-S).  In both cases, the captured host factor showed the same 

size putative interactor; whether wheat homolog is replacing the N. bentamiana 

interactor or not should be further clarified.   

In the second part, for the subcellular localization determination, PstHa2a5 with the 

removed signal peptide region was inserted into pK7WGF2 destination vector by 

Gateway cloning, in which the gene is expressed as GFP fusion protein. The GFP 

localization was examined after the expression of fusion protein in N. benthamiana 

leaves suggesting PstHa2a5 is an apoplectic effector.  The rearrangement of the fusion of 

GFP and removal of FLAG fusion might be required for further localization experiment 

to fully understand and verify the subcellular localization of the effector and its role. 

All experiments were performed on N. benthamiana plants instead of wheat due to the 

fact that agrobacterium-mediated gene transfer is technically not possible in all the wheat 
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varieties.  Therefore, we may not be observing the true nature of the pathogen activity in 

N. bentamiana because wheat differs significantly its physiological and molecular 

nature.  

In future prospects: PstHa2a5 gene will be tested if it is an Avr gene or not.  To achieve 

this, PstHa2a5 with and without ‘Signal Peptide’ constructs will be expressed directly in 

various different wheat lines possessing different resistance (R) genes.  According to the 

‘gene-for-gene’ model, presence of corresponding (interacting) Avr gene product will 

result in hypersensitive response (HR) in a plant expressing a particular R gene (Flor, 

1971).  Therefore, it will be a strong illustration that PstHa2a5 is an Avr gene if the 

wheat transformant cells show the HR.  

Since agrobacterium-mediated gene transformation is not possible in monocot plants, 

DNA bombardment and protoplast transformation will be applied as gene delivery 

methods.  These techniques were successfully used for examining the gene expression 

and protein-protein interaction in monocot plants (Chen et al., 2006; Uehara et al, 2005).  

Leaves of wheat lines will be bombarded with PstHa2a5 candidate effector gene 

construct fused with GFP.  The cell death occurred by HR will be investigated with DAB 

staining at the site of GFP expression.  Protoplast cells will be prepared and transformed 

according to Chen et al., (2006) and Yoshida et al., (2009).  The PstHa2a5 constructs, 

and constructs expressing luciferase will be co-transformed by electroporation.  Then, 

luminescence level will be measured to determine the level of HR in transformed wheat 

protoplast cells.  For control of both experiments, empty vector (pJL48-TRBO) will be 

transformed in all wheat lines used in the study.  The outcome of these experiments may 

reveal the first Avr gene of yellow rust pathogen, to date. 
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APPENDIX-A 

pBSK-PSTHA2A5 PLASMID INFORMATION AND SEQUENCE 

LOCUS       GS50144_pBSK-PTSha2a5        3292 bp    DNA     circular 

SYN 18-OCT-2010 

DEFINITION  Ligation of inverted PTSha2a5 into modified pBluescript 

ACCESSION   GS50144_pBSK-PTSha2a5 

KEYWORDS    . 

SOURCE      Unknown. 

  ORGANISM  Unknown 

            Unclassified. 

REFERENCE   1  (bases 1 to 3292) 

  AUTHORS   Self 

  JOURNAL   Unpublished. 

COMMENT     SECID/File created by SciEd Central, Scientific & 

Educational Software 

COMMENT     SECNOTES|Vector molecule:  modified pBluescript 

               Fragment ends: EcoRV 

               Fragment size: 2857 

            Insert molecule:  PTSha2a5 

               Fragment ends: blunt 

               Fragment size: 435 

FEATURES             Location/Qualifiers 

     CDS             21..327 

                     /gene="f1 origin" 

                     /SECDrawAs="Gene" 

     misc_feature    600..643 

                     /gene="T7/M13F" 

                     /SECDrawAs="Region" 

     CDS             complement (460..615) 

                     /gene="LacZ" 

                     /SECDrawAs="Gene" 

     CDS             complement (656..1088) 

                     /gene="PTSha2a5" 

                     /SECDrawAs="Gene" 

     misc_feature    complement (1103..1159) 

                     /gene="T3/M13R" 

                     /product="T3 primer" 

                     /SECDrawAs="Region" 

     misc_feature    1489..2156 

                     /gene="pUC origin" 

                     /SECDrawAs="Region" 

     CDS             complement (2307..3164) 

                     /gene="Ampcillin" 
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                     /SECDrawAs="Gene" 

ORIGIN       

CTGACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGC

TACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTC

GCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTAC

GGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATA

GACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACT

GGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGG

CCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATATTAAC

GCTTACAATTTGCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCC

TCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGC

CAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGAATTGTAATACGACTCACTATA

GGGCGACCCGGGGATATTGCGGCCGCCTAAGATGCTTTGGAGCAGTTGTTTGTCCACATAGCTT

GTTTACTTTTCTCAACTTCACCAATTCTACCTGCAACGTCACAACAGAAGCTATCTGTGGCAAC

CGACCCATTCAAGTCCACTTTATCACACGAGAATTTCCCGTCGACTGTCTTGATTTCTTCCTTC

CACATGGTGAACTCCTTGCCAATCTTTTTTGCCTTTCGTTCTTCATCGGTGATTGATCTGGTGC

AATAACCATGTGTTTGGCTTGGCGTTCCATGCAAACCGGGACACTTGAACGACTTCACAGAAAT

GAATTGAGTGTTGATCAACAACACTGCGAATACGATGAAGAAGTTGAAGCTTTGCTTGTCGTCG

TCGTCGGAATTCTCGAGAAGCTTGACTTTGTCATCGTCGTCCTTGTAGTCCATTTAATTAATCC

TAATCCTCGAGGTTCCCTTTAGTGAGGGTTAATTGCGAGCTTGGCGTAATCATGGTCATAGCTG

TTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGT

GTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGC

TTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGC

GGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGC

TGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAA

CGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTG

CTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGA

GGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCG

CTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTG

GCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGG

GCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGA

GTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGA

GCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAA

GAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTC

TTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACG

CGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGA

ACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCT

TTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGT

TACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTG

CCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGC

AATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGA

AGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCC

GGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGG

CATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGG

CGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTG

TCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTAC

TGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAA
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TAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATA

GCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTT

ACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTT

ACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAA

GGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCA

GGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTT

CCGCGCACATTTCCCCGAAAAGTGCCAC 

// 
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APPENDIX-B 

pBSK-PSTHA2A5 PLASMID MAP 

 

Figure B1: pBSK-PstHa2a5 plasmid map. PstHa2a5 synthetic gene was cloned into 

EcoRV restriction digested pBluescript II SK derivative lacking its multiple cloning 

sites.  
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APPENDIX-C 

pJL48-TRBO VECTOR SEQUENCE 

(Lindbo, 2007) 

>pJL48 vector sequence (10606 bp):  (nucleotide 1 = first nucleotide of TMV) 

GTATTTTTACAACAATTACCAACAACAACAAACAACAGACAACATTACAATTACTATTTACAAT

TACAATGGCATACACACAGACAGCTACCACATCAGCTTTGCTGGACACTGTCCGAGGAAACAAC

TCCTTGGTCAATGATCTAGCAAAGCGTCGTCTTTACGACACAGCGGTTGAAGAGTTTAACGCTC

GTGACCGCAGGCCCAAGGTGAACTTTTCAAAAGTAATAAGCGAGGAGCAGACGCTTATTGCTAC

CCGGGCGTATCCAGAATTCCAAATTACATTTTATAACACGCAAAATGCCGTGCATTCGCTTGCA

GGTGGATTGCGATCTTTAGAACTGGAATATCTGATGATGCAAATTCCCTACGGATCATTGACTT

ATGACATAGGCGGGAATTTTGCATCGCATCTGTTCAAGGGACGAGCATATGTACACTGCTGCAT

GCCCAACCTGGACGTTCGAGACATCATGCGGCACGAAGGCCAGAAAGACAGTATTGAACTATAC

CTTTCTAGGCTAGAGAGAGGGGGGAAAACAGTCCCCAACTTCCAAAAGGAAGCATTTGACAGAT

ACGCAGAAATTCCTGAAGACGCTGTCTGTCACAATACTTTCCAGACATGCGAACATCAGCCGAT

GCAGCAATCAGGCAGAGTGTATGCCATTGCGCTACACAGCATATATGACATACCAGCCGATGAG

TTCGGGGCGGCACTCTTGAGGAAAAATGTCCATACGTGCTATGCCGCTTTCCACTTCTCCGAGA

ACCTGCTTCTTGAAGATTCATGCGTCAATTTGGACGAAATCAACGCGTGTTTTTCGCGCGATGG

AGACAAGTTGACCTTTTCTTTTGCATCAGAGAGTACTCTTAATTACTGTCATAGTTATTCTAAT

ATTCTTAAGTATGTGTGCAAAACTTACTTCCCGGCCTCTAATAGAGAGGTTTACATGAAGGAGT

TTTTAGTCACCAGAGTTAATACCTGGTTTTGTAAGTTTTCTAGAATAGATACTTTTCTTTTGTA

CAAAGGTGTGGCCCATAAAAGTGTAGATAGTGAGCAGTTTTATACTGCAATGGAAGACGCATGG

CATTACAAAAAGACTCTTGCAATGTGCAACAGCGAGAGAATCCTCCTTGAGGATTCATCATCAG

TCAATTACTGGTTTCCCAAAATGAGGGATATGGTCATCGTACCATTATTCGACATTTCTTTGGA

GACTAGTAAGAGGACGCGCAAGGAAGTCTTAGTGTCCAAGGATTTCGTGTTTACAGTGCTTAAC

CACATTCGAACATACCAGGCGAAAGCTCTTACATACGCAAATGTTTTGTCCTTCGTCGAATCGA

TTCGATCGAGGGTAATCATTAACGGTGTGACAGCGAGGTCCGAATGGGATGTGGACAAATCTTT

GTTACAATCCTTGTCCATGACGTTTTACCTGCATACTAAGCTTGCCGTTCTAAAGGATGACTTA

CTGATTAGCAAGTTTAGTCTCGGTTCGAAAACGGTGTGCCAGCATGTGTGGGATGAGATTTCGC

TGGCGTTTGGGAACGCATTTCCCTCCGTGAAAGAGAGGCTCTTGAACAGGAAACTTATCAGAGT

GGCAGGCGACGCATTAGAGATCAGGGTGCCTGATCTATATGTGACCTTCCACGACAGATTAGTG

ACTGAGTACAAGGCCTCTGTGGACATGCCTGCGCTTGACATTAGGAAGAAGATGGAAGAAACGG

AAGTGATGTACAATGCACTTTCAGAATTATCGGTGTTAAGGGAGTCTGACAAATTCGATGTTGA

TGTTTTTTCCCAGATGTGCCAATCTTTGGAAGTTGACCCAATGACGGCAGCGAAGGTTATAGTC

GCGGTCATGAGCAATGAGAGCGGTCTGACTCTCACATTTGAACGACCTACTGAGGCGAATGTTG

CGCTAGCTTTACAGGATCAAGAGAAGGCTTCAGAAGGTGCATTGGTAGTTACCTCAAGAGAAGT

TGAAGAACCGTCCATGAAGGGTTCGATGGCCAGAGGAGAGTTACAATTAGCTGGTCTTGCTGGA

GATCATCCGGAATCGTCCTATTCTAAGAACGAGGAGATAGAGTCTTTAGAGCAGTTTCATATGG

CGACGGCAGATTCGTTAATTCGTAAGCAGATGAGCTCGATTGTGTACACGGGTCCGATTAAAGT

TCAGCAAATGAAAAACTTTATCGATAGCCTGGTAGCATCACTATCTGCTGCGGTGTCGAATCTC
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GTCAAGATCCTCAAAGATACAGCTGCTATTGACCTTGAAACCCGTCAAAAGTTTGGAGTCTTGG

ATGTTGCATCTAGGAAGTGGTTAATCAAACCAACGGCCAAGAGTCATGCATGGGGTGTTGTTGA

AACCCACGCGAGGAAGTATCATGTGGCGCTTTTGGAATATGATGAGCAGGGTGTGGTGACATGC

GATGATTGGAGAAGAGTAGCTGTTAGCTCTGAGTCTGTTGTTTATTCCGACATGGCGAAACTCA

GAACTCTGCGCAGACTGCTTCGAAACGGAGAACCGCATGTCAGTAGCGCAAAGGTTGTTCTTGT

GGACGGAGTTCCGGGCTGTGGAAAAACCAAAGAAATTCTTTCCAGGGTTAATTTTGATGAAGAT

CTAATTTTAGTACCTGGGAAGCAAGCCGCGGAAATGATCAGAAGACGTGCGAATTCCTCAGGGA

TTATTGTGGCCACGAAGGACAACGTTAAAACCGTTGATTCTTTCATGATGAATTTTGGGAAAAG

CACACGCTGTCAGTTCAAGAGGTTATTCATTGATGAAGGGTTGATGTTGCATACTGGTTGTGTT

AATTTTCTTGTGGCGATGTCATTGTGCGAAATTGCATATGTTTACGGAGACACACAGCAGATTC

CATACATCAATAGAGTTTCAGGATTCCCGTACCCCGCCCATTTTGCCAAATTGGAAGTTGACGA

GGTGGAGACACGCAGAACTACTCTCCGTTGTCCAGCCGATGTCACACATTATCTGAACAGGAGA

TATGAGGGCTTTGTCATGAGCACTTCTTCGGTTAAAAAGTCTGTTTCGCAGGAGATGGTCGGCG

GAGCCGCCGTGATCAATCCGATCTCAAAACCCTTGCATGGCAAGATCTTGACTTTTACCCAATC

GGATAAAGAAGCTCTGCTTTCAAGAGGGTATTCAGATGTTCACACTGTGCATGAAGTGCAAGGC

GAGACATACTCTGATGTTTCACTAGTTAGGTTAACCCCTACACCGGTCTCCATCATTGCAGGAG

ACAGCCCACATGTTTTGGTCGCATTGTCAAGGCACACCTGTTCGCTCAAGTACTACACTGTTGT

TATGGATCCTTTAGTTAGTATCATTAGAGATCTAGAGAAACTTAGCTCGTACTTGTTAGATATG

TATAAGGTCGATGCAGGAACACAATAGCAATTACAGATTGACTCGGTGTTCAAAGGTTCCAATC

TTTTTGTTGCAGCGCCAAAGACTGGTGATATTTCTGATATGCAGTTTTACTATGATAAGTGTCT

CCCAGGCAACAGCACCATGATGAATAATTTTGATGCTGTTACCATGAGGTTGACTGACATTTCA

TTGAATGTCAAAGATTGCATATTGGATATGTCTAAGTCTGTTGCTGCGCCTAAGGATCAAATCA

AACCACTAATACCTATGGTACGAACGGCGGCAGAAATGCCACGCCAGACTGGACTATTGGAAAA

TTTAGTGGCGATGATTAAAAGAAACTTTAACGCACCCGAGTTGTCTGGCATCATTGATATTGAA

AATACTGCATCTTTGGTTGTAGATAAGTTTTTTGATAGTTATTTGCTTAAAGAAAAAAGAAAAC

CAAATAAAAATGTTTCTTTGTTCAGTAGAGAGTCTCTCAATAGATGGTTAGAAAAGCAGGAACA

GGTAACAATAGGCCAGCTCGCAGATTTTGATTTTGTGGATTTGCCAGCAGTTGATCAGTACAGA

CACATGATTAAAGCACAACCCAAACAAAAGTTGGACACTTCAATCCAAACGGAGTACCCGGCTT

TGCAGACGATTGTGTACCATTCAAAAAAGATCAATGCAATATTCGGCCCGTTGTTTAGTGAGCT

TACTAGGCAATTACTGGACAGTGTTGATTCGAGCAGATTTTTGTTTTTCACAAGAAAGACACCA

GCGCAGATTGAGGATTTCTTCGGAGATCTCGACAGTCATGTGCCGATGGATGTCTTGGAGCTGG

ATATATCAAAATACGACAAATCTCAGAATGAATTCCACTGTGCAGTAGAATACGAGATCTGGCG

AAGATTGGGTTTCGAAGACTTCTTGGGAGAAGTTTGGAAACAAGGGCATAGAAAGACCACCCTC

AAGGATTATACCGCAGGTATAAAAACTTGCATCTGGTATCAAAGAAAGAGCGGGGACGTCACGA

CGTTCATTGGAAACACTGTGATCATTGCTGCATGTTTGGCCTCGATGCTTCCGATGGAGAAAAT

AATCAAAGGAGCCTTTTGCGGTGACGATAGTCTGCTGTACTTTCCAAAGGGTTGTGAGTTTCCG

GATGTGCAACACTCCGCGAATCTTATGTGGAATTTTGAAGCAAAACTGTTTAAAAAACAGTATG

GATACTTTTGCGGAAGATATGTAATACATCACGACAGAGGATGCATTGTGTATTACGATCCCCT

AAAGTTGATCTCGAAACTTGGTGCTAAACACATCAAGGATTGGGAACACTTGGAGGAGTTCAGA

AGGTCTCTTTGTGATGTTGCTGTTTCGTTGAACAATTGTGCGTATTACACACAGTTGGACGACG

CTGTATGGGAGGTTCATAAGACCGCCCCTCCAGGTTCGTTTGTTTATAAAAGTCTGGTGAAGTA

TTTGTCTGATAAAGTTCTTTTTAGAAGTTTGTTTATAGATGGCTCTAGTTGTTAAAGGAAAAGT

GAATATCAATGAGTTTATCGACCTGACAAAAATGGAGAAGATCTTACCGTCGATGTTTACCCCT

GTAAAGAGTGTTATGTGTTCCAAAGTTGATAAAATAATGGTTCATGAGAATGAGTCATTGTCAG

GGGTGAACCTTCTTAAAGGAGTTAAGCTTATTGATAGTGGATACGTCTGTTTAGCCGGTTTGGT

CGTCACGGGCGAGTGGAACTTGCCTGACAATTGCAGAGGAGGTGTGAGCGTGTGTCTGGTGGAC

AAAAGGATGGAAAGAGCCGACGAGGCCACTCTCGGATCTTACTACACAGCAGCTGCAAAGAAAA
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GATTTCAGTTCAAGGTCGTTCCCAATTATGCTATAACCACCCAGGACGCGATGAAAAACGTCTG

GCAAGTTTTAGTTAATATTAGAAATGTGAAGATGTCAGCGGGTTTCTGTCCGCTTTCTCTGGAG

TTTGTGTCGGTGTGTATTGTTTATAGAAATAATATAAAATTAGGTTTGAGAGAGAAGATTACAA

ACGTGAGAGACGGAGGGCCCATGGAACTTACAGAAGAAGTCGTTGATGAGTTCATGGAAGATGT

CCCTATGTCGATCAGGCTTGCAAAGTTTCGATCTCGAACCGGAAAAAAGAGTGATGTCCGCAAA

GGGAAAAATAGTAGTAGTGATCGGTCAGTGCCGAACAAGAACTATAGAAATGTTAAGGATTTTG

GAGGAATGAGTTTTAAAAAGAATAATTTAATCGATGATGATTCGGAGGCTACTGTCGCCGAATC

GGATTCGTTTTAAATAGATCTTACAGTATCACTACTCCATCTCAGTTCGTGTTCTTGTCATTAA

TTAACGGCCTAGGGCGGCCGCGGTCCTGCAACTTGAGGTAGTCAAGATGCATAATAAATAACGG

ATTGTGTCCGTAATCACACGTGGTGCGTACGATAACGCATAGTGTTTTTCCCTCCACTTAAATC

GAAGGGTTGTGTCTTGGATCGCGCGGGTCAAATGTATATGGTTCATATACATCCGCAGGCACGT

AATAAAGCGAGGGGTTCGAATCCCCCCGTTACCCCCGGTAGGGGCCCAGGTACCCGGATGTGTT

TTCCGGGCTGATGAGTCCGTGAGGACGAAACCCTGCAGGCATGCAAGCTTGGCGTAATCATGGT

CATAGCCTAGCTAGAGTCCGCAAATCACCAGTCTCTCTCTACAAATCTATCTCTCTCTATTTTC

TCCAGAATAATGTGTGAGTAGTTCCCAGATAAGGGAATTAGGGTTCTTATAGGGTTTCGCTCAT

GTGTTGAGCATATAAGAAACCCTTAGTATGTATTTGTATTTGTAAAATACTTCTATCAATAAAA

TTTCTAATTCCTAAAACCAAAATCCAGTGACCTGCAGCCCGGCCGGGGGATCCACTAGCAGATT

GTCGTTTCCCGCCTTCAGTTTAAACTATCAGTGTTTGACAGGATATATTGGCGGGTAAACCTAA

GAGAAAAGAGCGTTTATTAGAATAATCGGATATTTAAAAGGGCGTGAAAAGGTTTATCCGTTCG

TCCATTTGTATGTGCATGCCAACCACAGGAGATCTCAGTAAAGCGCTGGCTGAACCCCCAGCCG

GAACTGACCCCACAAGGCCCTAGCGTTTGCAATGCACCAGGTCATCATTGACCCAGGCGTGTTC

CACCAGGCCGCTGCCTCGCAACTCTTCGCAGGCTTCGCCGACCTGCTCGCGCCACTTCTTCACG

CGGGTGGAATCCGATCCGCACATGAGGCGGAAGGTTTCCAGCTTGAGCGGGTACGGCTCCCGGT

GCGAGCTGAAATAGTCGAACATCCGTCGGGCCGTCGGCGACAGCTTGCGGTACTTCTCCCATAT

GAATTTCGTGTAGTGGTCGCCAGCAAACAGCACGACGATTTCCTCGTCGATCAGGACCTGGCAA

CGGGACGTTTTCTTGCCACGGTCCAGGACGCGGAAGCGGTGCAGCAGCGACACCGATTCCAGGT

GCCCAACGCGGTCGGACGTGAAGCCCATCGCCGTCGCCTGTAGGCGCGACAGGCATTCCTCGGC

CTTCGTGTAATACCGGCCATTGATCGACCAGCCCAGGTCCTGGCAAAGCTCGTAGAACGTGAAG

GTGATCGGCTCGCCGATAGGGGTGCGCTTCGCGTACTCCAACACCTGCTGCCACACCAGTTCGT

CATCGTCGGCCCGCAGCTCGACGCCGGTGTAGGTGATCTTCACGTCCTTGTTGACGTGGAAAAT

GACCTTGTTTTGCAGCGCCTCGCGCGGGATTTTCTTGTTGCGCGTGGTGAACAGGGCAGAGCGG

GCCGTGTCGTTTGGCATCGCTCGCATCGTGTCCGGCCACGGCGCAATATCGAACAAGGAAAGCT

GCATTTCCTTGATCTGCTGCTTCGTGTGTTTCAGCAACGCGGCCTGCTTGGCCTCGCTGACCTG

TTTTGCCAGGTCCTCGCCGGCGGTTTTTCGCTTCTTGGTCGTCATAGTTCCTCGCGTGTCGATG

GTCATCGACTTCGCCAAACCTGCCGCCTCCTGTTCGAGACGACGCGAACGCTCCACGGCGGCCG

ATGGCGCGGGCAGGGCAGGGGGAGCCAGTTGCACGCTGTCGCGCTCGATCTTGGCCGTAGCTTG

CTGGACCATCGAGCCGACGGACTGGAAGGTTTCGCGGGGCGCACGCATGACGGTGCGGCTTGCG

ATGGTTTCGGCATCCTCGGCGGAAAACCCCGCGTCGATCAGTTCTTGCCTGTATGCCTTCCGGT

CAAACGTCCGATTCATTCACCCTCCTTGCGGGATTGCCCCGACTCACGCCGGGGCAATGTGCCC

TTATTCCTGATTTGACCCGCCTGGTGCCTTGGTGTCCAGATAATCCACCTTATCGGCAATGAAG

TCGGTCCCGTAGACCGTCTGGCCGTCCTTCTCGTACTTGGTATTCCGAATCTTGCCCTGCACGA

ATACCAGCGACCCCTTGCCCAAATACTTGCCGTGGGCCTCGGCCTGAGAGCCAAAACACTTGAT

GCGGAAGAAGTCGGTGCGCTCCTGCTTGTCGCCGGCATCGTTGCGCCACATCTAGGTACTAAAA

CAATTCATCCAGTAAAATATAATATTTTATTTTCTCCCAATCAGGCTTGATCCCCAGTAAGTCA

AAAAATAGCTCGACATACTGTTCTTCCCCGATATCCTCCCTGATCGACCGGACGCAGAAGGCAA

TGTCATACCACTTGTCCGCCCTGCCGCTTCTCCCAAGATCAATAAAGCCACTTACTTTGCCATC

TTTCACAAAGATGTTGCTGTCTCCCAGGTCGCCGTGGGAAAAGACAAGTTCCTCTTCGGGCTTT



 

72 
 

TCCGTCTTTAAAAAATCATACAGCTCGCGCGGATCTTTAAATGGAGTGTCTTCTTCCCAGTTTT

CGCAATCCACATCGGCCAGATCGTTATTCAGTAAGTAATCCAATTCGGCTAAGCGGCTGTCTAA

GCTATTCGTATAGGGACAATCCGATATGTCGATGGAGTGAAAGAGCCTGATGCACTCCGCATAC

AGCTCGATAATCTTTTCAGGGCTTTGTTCATCTTCATACTCTTCCGAGCAAAGGACGCCATCGG

CCTCACTCATGAGCAGATTGCTCCAGCCATCATGCCGTTCAAAGTGCAGGACCTTTGGAACAGG

CAGCTTTCCTTCCAGCCATAGCATCATGTCCTTTTCCCGTTCCACATCATAGGTGGTCCCTTTA

TACCGGCTGTCCGTCATTTTTAAATATAGGTTTTCATTTTCTCCCACCAGCTTATATACCTTAG

CAGGAGACATTCCTTCCGTATCTTTTACGCAGCGGTATTTTTCGATCAGTTTTTTCAATTCCGG

TGATATTCTCATTTTAGCCATTTATTATTTCCTTCCTCTTTTCTACAGTATTTAAAGATACCCC

AAGAAGCTAATTATAACAAGACGAACTCCAATTCACTGTTCCTTGCATTCTAAAACCTTAAATA

CCAGAAAACAGCTTTTTCAAAGTTGTTTTCAAAGTTGGCGTATAACATAGTATCGACGGAGCCG

ATTTTGAAACCACAATTATGGGTGATGCTGCCAACTCGAGAGCGGGCCGGGAGGGTTCGAGAAG

GGGGGGCACCCCCCTTCGGCGTGCGCGGTCACGCGCACAGGGCGCAGCCCTGGTTAAAAACAAG

GTTTATAAATATTGGTTTAAAAGCAGGTTAAAAGACAGGTTAGCGGTGGCCGAAAAACGGGCGG

AAACCCTTGCAAATGCTGGATTTTCTGCCTGTGGACAGCCCCTCAAATGTCAATAGGTGCGCCC

CTCATCTGTCAGCACTCTGCCCCTCAAGTGTCAAGGATCGCGCCCCTCATCTGTCAGTAGTCGC

GCCCCTCAAGTGTCAATACCGCAGGGCACTTATCCCCAGGCTTGTCCACATCATCTGTGGGAAA

CTCGCGTAAAATCAGGCGTTTTCGCCGATTTGCGAGGCTGGCCAGCTCCACGTCGCCGGCCGAA

ATCGAGCCTGCCCCTCATCTGTCAACGCCGCGCCGGGTGAGTCGGCCCCTCAAGTGTCAACGTC

CGCCCCTCATCTGTCAGTGAGGGCCAAGTTTTCCGCGAGGTATCCACAACGCCGGCGGCCGGCC

GCGGTGTCTCGCACACGGCTTCGACGGCGTTTCTGGCGCGTTTGCAGGGCCATAGACGGCCGCC

AGCCCAGCGGCGAGGGCAACCAGCCCGGTGAGCTCTAGTGGACTGATGGGCTGCCTGTATCGAG

TGGTGATTTTGTGCCGAGCTGCCGGTCGGGGAGCTGTTGGCTGGCTGGTGGCAGGATATATTGT

GGTGTAAACAAATTGACGCTTAGACAACTTAATAACACATTGCGGACGTTTTTAATGTACTGGG

GTGGTTTTGGTACCGGGCCCCCCCTCGAGGTCGACGGTATCGATAAGCTTGATATCGAATTCCT

GCAGGTCAACATGGTGGAGCACGACACTCTCGTCTACTCCAAGAATATCAAAGATACAGTCTCA

GAAGACCAAAGGGCTATTGAGACTTTTCAACAAAGGGTAATATCGGGAAACCTCCTCGGATTCC

ATTGCCCAGCTATCTGTCACTTCATCAAAAGGACAGTAGAAAAGGAAGGTGGCACCTACAAATG

CCATCATTGCGATAAAGGAAAGGCTATCGTTCAAGATGCCTCTGCCGACAGTGGTCCCAAAGAT

GGACCCCCACCCACGAGGAGCATCGTGGAAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAAG

TGGATTGATGTGATAACATGGTGGAGCACGACACTCTCGTCTACTCCAAGAATATCAAAGATAC

AGTCTCAGAAGACCAAAGGGCTATTGAGACTTTTCAACAAAGGGTAATATCGGGAAACCTCCTC

GGATTCCATTGCCCAGCTATCTGTCACTTCATCAAAAGGACAGTAGAAAAGGAAGGTGGCACCT

ACAAATGCCATCATTGCGATAAAGGAAAGGCTATCGTTCAAGATGCCTCTGCCGACAGTGGTCC

CAAAGATGGACCCCCACCCACGAGGAGCATCGTGGAAAAAGAAGACGTTCCAACCACGTCTTCA

AAGCAAGTGGATTGATGTGATATCTCCACTGACGTAAGGGATGACGCACAATCCCACTATCCTT

CGCAAGACCTTCCTCTATATAAGGAAGTTCATTTCATTTGGAGAGG 

// 
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APPENDIX-D 

pK7WGF2 GATEWAY DESTINATION VECTOR SEQUENCE 

(Karimi et al., 2002) 

>pK7WGF2,0 standard; circular DNA; 11876 BP. 

CGACGTCGCATGCCTGCAGGTCACTGGATTTTGGTTTTAGGAATTAGAAATTTTATTGATAGAA

GTATTTTACAAATACAAATACATACTAAGGGTTTCTTATATGCTCAACACATGAGCGAAACCCT

ATAAGAACCCTAATTCCCTTATCTGGGAACTACTCACACATTATTCTGGAGAAAAATAGAGAGA

GATAGATTTGTAGAGAGAGACTGGTGATTTTTGCGGACTCTAGCATGGCCGCGGGATATCACCA

CTTTGTACAAGAAAGCTGAACGAGAAACGTAAAATGATATAAATATCAATATATTAAATTAGAT

TTTGCATAAAAAACAGACTACATAATACTGTAAAACACAACATATCCAGTCACTATGGTCGACC

TGCAGACTGGCTGTGTATAAGGGAGCCTGACATTTATATTCCCCAGAACATCAGGTTAATGGCG

TTTTTGATGTCATTTTCGCGGTGGCTGAGATCAGCCACTTCTTCCCCGATAACGGAGACCGGCA

CACTGGCCATATCGGTGGTCATCATGCGCCAGCTTTCATCCCCGATATGCACCACCGGGTAAAG

TTCACGGGAGACTTTATCTGACAGCAGACGTGCACTGGCCAGGGGGATCACCATCCGTCGCCCG

GGCGTGTCAATAATATCACTCTGTACATCCACAAACAGACGATAACGGCTCTCTCTTTTATAGG

TGTAAACCTTAAACTGCATTTCACCAGTCCCTGTTCTCGTCAGCAAAAGAGCCGTTCATTTCAA

TAAACCGGGCGACCTCAGCCATCCCTTCCTGATTTTCCGCTTTCCAGCGTTCGGCACGCAGACG

ACGGGCTTCATTCTGCATGGTTGTGCTTACCAGACCGGAGATATTGACATCATATATGCCTTGA

GCAACTGATAGCTGTCGCTGTCAACTGTCACTGTAATACGCTGCTTCATAGCACACCTCTTTTT

GACATACTTCGGGTATACATATCAGTATATATTCTTATACCGCAAAAATCAGCGCGCAAATACG

CATACTGTTATCTGGCTTTTAGTAAGCCGGATCCACGCGTTTACGCCCCGCCCTGCCACTCATC

GCAGTACTGTTGTAATTCATTAAGCATTCTGCCGACATGGAAGCCATCACAGACGGCATGATGA

ACCTGAATCGCCAGCGGCATCAGCACCTTGTCGCCTTGCGTATAATATTTGCCCATGGTGAAAA

CGGGGGCGAAGAAGTTGTCCATATTGGCCACGTTTAAATCAAAACTGGTGAAACTCACCCAGGG

ATTGGCTGAGACGAAAAACATATTCTCAATAAACCCTTTAGGGAAATAGGCCAGGTTTTCACCG

TAACACGCCACATCTTGCGAATATATGTGTAGAAACTGCCGGAAATCGTCGTGGTATTCACTCC

AGAGCGATGAAAACGTTTCAGTTTGCTCATGGAAAACGGTGTAACAAGGGTGAACACTATCCCA

TATCACCAGCTCACCGTCTTTCATTGCCATACGGAATTCCGGATGAGCATTCATCAGGCGGGCA

AGAATGTGAATAAAGGCCGGATAAAACTTGTGCTTATTTTTCTTTACGGTCTTTAAAAAGGCCG

TAATATCCAGCTGAACGGTCTGGTTATAGGTACATTGAGCAACTGACTGAAATGCCTCAAAATG

TTCTTTACGATGCCATTGGGATATATCAACGGTGGTATATCCAGTGATTTTTTTCTCCATTTTA

GCTTCCTTAGCTCCTGAAAATCTCGCCGGATCCTAACTCAAAATCCACACATTATACGAGCCGG

AAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGCGGCCGCCATAGTGACTGGATATGTTGTGTT

TTACAGTATTATGTAGTCTGTTTTTTATGCAAAATCTAATTTAATATATTGATATTTATATCAT

TTTACGTTTCTCGTTCAGCTTTTTTGTACAAACTTGTGATATCCTTGTACAGCTCGTCCATGCC

GAGAGTGATCCCGGCGGCGGTCACGAACTCCAGCAGGACCATGTGATCGCGCTTCTCGTTGGGG

TCTTTGCTCAGGGCGGACTGGGTGCTCAGGTAGTGGTTGTCGGGCAGCAGCACGGGGCCGTCGC

CGATGGGGGTGTTCTGCTGGTAGTGGTCGGCGAGCTGCACGCTGCCGTCCTCGATGTTGTGGCG

GATCTTGAAGTTCACCTTGATGCCGTTCTTCTGCTTGTCGGCCATGATATAGACGTTGTGGCTG
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TTGTAGTTGTACTCCAGCTTGTGCCCCAGGATGTTGCCGTCCTCCTTGAAGTCGATGCCCTTCA

GCTCGATGCGGTTCACCAGGGTGTCGCCCTCGAACTTCACCTCGGCGCGGGTCTTGTAGTTGCC

GTCGTCCTTGAAGAAGATGGTGCGCTCCTGGACGTAGCCTTCGGGCATGGCGGACTTGAAGAAG

TCGTGCTGCTTCATGTGGTCGGGGTAGCGGCTGAAGCACTGCACGCCGTAGGTCAGGGTGGTCA

CGAGGGTGGGCCAGGGCACGGGCAGCTTGCCGGTGGTGCAGATGAACTTCAGGGTCAGCTTGCC

GTAGGTGGCATCGCCCTCGCCCTCGCCGGACACGCTGAACTTGTGGCCGTTTACGTCGCCGTCC

AGCTCGACCAGGATGGGCACCACCCCGGTGAACAGCTCCTCGCCCTTGCTCACCATACTAGTGC

GGCCGCCTGCAGGTCGACTAGAATAGTAAATTGTAATGTTGTTTGTTGTTTGTTTTGTTGTGGT

ATTGTTGTAAAAATACCGGAGTCCTCTCCAAATGAAATGAACTTCCTTATATAGAGGAAGGGTC

TTGCGAAGGATAGTGGGATTGTGCGTCATCCCTTACGTCAGTGGAGATATCACATCAATCCACT

TGCTTTGAAGACGTGGTTGGAACGTCTTCTTTTTCCACGATGCTCCTCGTGGGTGGGGGTCCAT

CTTTGGGACCACTGTCGGCAGAGGCATCTTGAACGATAGCCTTTCCTTTATCGCAATGATGGCA

TTTGTAGGTGCCACCTTCCTTTTCTACTGTCCTTTTGATGAAGTGACAGATAGCTGGGCAATGG

AATCCGAGGAGGTTTCCCGATATTACCCTTTGTTGAAAAGTCTCAATAGCCCTTTGGTCTTCTG

AGACTGTATCTTTGATATTCTTGGAGTAGACGAGAGTGTCGTGCTCCACCATGTTGACGAAGAT

TTTCTTCTTGTCATTGAGTCGTAAAAGACTCTGTATGAACTGTTCGCCAGTCTTCACGGCGAGT

TCTGTTAGATCCTCGATCTGAATTTTTGACTCCATGGCCTTTGATTCAGTAGGAACTACTTTCT

TAGAGACTCCAATCTCTATTACTTGCCTTGGTTTATGAAGCAAGCCTTGAATCGTCCATACTGG

AATAGTACTTCTGATCTTGAGAAATATATCTTTCTCTGTGTTCTTGATGCAGTTAGTCCTGAAT

CTTTTGACTGCATCTTTAACCTTCTTGGGAAGGTATTTGATCTCCTGGAGATTATTACTCGGGT

AGATCGTCTTGATGAGACCTGCCGCGTAGGCCTCTCTAACCATCTGTGGGTCAGCATTCTTTCT

GAAATTGAAGAGGCTAATCTTCTCATTATCGGTGGTGAACATGGTATCGTCACCTTCTCCGTCG

AACTTTCTTCCTAGATCGTAGAGATAGAGAAAGTCGTCCATGGTGATCTCCGGGGCAAAGGAGA

TCAGCTTGGCTCTAGTCGACCATATGGGAGAGCTCAAGCTTAGCTTGAGCTTGGATCAGATTGT

CGTTTCCCGCCTTCAGTTTAAACTATCAGTGTTTGACAGGATATATTGGCGGGTAAACCTAAGA

GAAAAGAGCGTTTATTAGAATAACGGATATTTAAAAGGGCGTGAAAAGGTTTATCCGTTCGTCC

ATTTGTATGTGCATGCCAACCACAGGGTTCCCCTCGGGATCAAAGTACTTTGATCCAACCCCTC

CGCTGCTATAGTGCAGTCGGCTTCTGACGTTCAGTGCAGCCGTCTTCTGAAAACGACATGTCGC

ACAAGTCCTAAGTTACGCGACAGGCTGCCGCCCTGCCCTTTTCCTGGCGTTTTCTTGTCGCGTG

TTTTAGTCGCATAAAGTAGAATACTTGCGACTAGAACCGGAGACATTACGCCATGAACAAGAGC

GCCGCCGCTGGCCTGCTGGGCTATGCCCGCGTCAGCACCGACGACCAGGACTTGACCAACCAAC

GGGCCGAACTGCACGCGGCCGGCTGCACCAAGCTGTTTTCCGAGAAGATCACCGGCACCAGGCG

CGACCGCCCGGAGCTGGCCAGGATGCTTGACCACCTACGCCCTGGCGACGTTGTGACAGTGACC

AGGCTAGACCGCCTGGCCCGCAGCACCCGCGACCTACTGGACATTGCCGAGCGCATCCAGGAGG

CCGGCGCGGGCCTGCGTAGCCTGGCAGAGCCGTGGGCCGACACCACCACGCCGGCCGGCCGCAT

GGTGTTGACCGTGTTCGCCGGCATTGCCGAGTTCGAGCGTTCCCTAATCATCGACCGCACCCGG

AGCGGGCGCGAGGCCGCCAAGGCCCGAGGCGTGAAGTTTGGCCCCCGCCCTACCCTCACCCCGG

CACAGATCGCGCACGCCCGCGAGCTGATCGACCAGGAAGGCCGCACCGTGAAAGAGGCGGCTGC

ACTGCTTGGCGTGCATCGCTCGACCCTGTACCGCGCACTTGAGCGCAGCGAGGAAGTGACGCCC

ACCGAGGCCAGGCGGCGCGGTGCCTTCCGTGAGGACGCATTGACCGAGGCCGACGCCCTGGCGG

CCGCCGAGAATGAACGCCAAGAGGAACAAGCATGAAACCGCACCAGGACGGCCAGGACGAACCG

TTTTTCATTACCGAAGAGATCGAGGCGGAGATGATCGCGGCCGGGTACGTGTTCGAGCCGCCCG

CGCACGTCTCAACCGTGCGGCTGCATGAAATCCTGGCCGGTTTGTCTGATGCCAAGCTGGCGGC

CTGGCCGGCCAGCTTGGCCGCTGAAGAAACCGAGCGCCGCCGTCTAAAAAGGTGATGTGTATTT

GAGTAAAACAGCTTGCGTCATGCGGTCGCTGCGTATATGATGCGATGAGTAAATAAACAAATAC

GCAAGGGGAACGCATGAAGGTTATCGCTGTACTTAACCAGAAAGGCGGGTCAGGCAAGACGACC

ATCGCAACCCATCTAGCCCGCGCCCTGCAACTCGCCGGGGCCGATGTTCTGTTAGTCGATTCCG
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ATCCCCAGGGCAGTGCCCGCGATTGGGCGGCCGTGCGGGAAGATCAACCGCTAACCGTTGTCGG

CATCGACCGCCCGACGATTGACCGCGACGTGAAGGCCATCGGCCGGCGCGACTTCGTAGTGATC

GACGGAGCGCCCCAGGCGGCGGACTTGGCTGTGTCCGCGATCAAGGCAGCCGACTTCGTGCTGA

TTCCGGTGCAGCCAAGCCCTTACGACATATGGGCCACCGCCGACCTGGTGGAGCTGGTTAAGCA

GCGCATTGAGGTCACGGATGGAAGGCTACAAGCGGCCTTTGTCGTGTCGCGGGCGATCAAAGGC

ACGCGCATCGGCGGTGAGGTTGCCGAGGCGCTGGCCGGGTACGAGCTGCCCATTCTTGAGTCCC

GTATCACGCAGCGCGTGAGCTACCCAGGCACTGCCGCCGCCGGCACAACCGTTCTTGAATCAGA

ACCCGAGGGCGACGCTGCCCGCGAGGTCCAGGCGCTGGCCGCTGAAATTAAATCAAAACTCATT

TGAGTTAATGAGGTAAAGAGAAAATGAGCAAAAGCACAAACACGCTAAGTGCCGGCCGTCCGAG

CGCACGCAGCAGCAAGGCTGCAACGTTGGCCAGCCTGGCAGACACGCCAGCCATGAAGCGGGTC

AACTTTCAGTTGCCGGCGGAGGATCACACCAAGCTGAAGATGTACGCGGTACGCCAAGGCAAGA

CCATTACCGAGCTGCTATCTGAATACATCGCGCAGCTACCAGAGTAAATGAGCAAATGAATAAA

TGAGTAGATGAATTTTAGCGGCTAAAGGAGGCGGCATGGAAAATCAAGAACAACCAGGCACCGA

CGCCGTGGAATGCCCCATGTGTGGAGGAACGGGCGGTTGGCCAGGCGTAAGCGGCTGGGTTGTC

TGCCGGCCCTGCAATGGCACTGGAACCCCCAAGCCCGAGGAATCGGCGTGACGGTCGCAAACCA

TCCGGCCCGGTACAAATCGGCGCGGCGCTGGGTGATGACCTGGTGGAGAAGTTGAAGGCCGCGC

AGGCCGCCCAGCGGCAACGCATCGAGGCAGAAGCACGCCCCGGTGAATCGTGGCAAGCGGCCGC

TGATCGAATCCGCAAAGAATCCCGGCAACCGCCGGCAGCCGGTGCGCCGTCGATTAGGAAGCCG

CCCAAGGGCGACGAGCAACCAGATTTTTTCGTTCCGATGCTCTATGACGTGGGCACCCGCGATA

GTCGCAGCATCATGGACGTGGCCGTTTTCCGTCTGTCGAAGCGTGACCGACGAGCTGGCGAGGT

GATCCGCTACGAGCTTCCAGACGGGCACGTAGAGGTTTCCGCAGGGCCGGCCGGCATGGCCAGT

GTGTGGGATTACGACCTGGTACTGATGGCGGTTTCCCATCTAACCGAATCCATGAACCGATACC

GGGAAGGGAAGGGAGACAAGCCCGGCCGCGTGTTCCGTCCACACGTTGCGGACGTACTCAAGTT

CTGCCGGCGAGCCGATGGCGGAAAGCAGAAAGACGACCTGGTAGAAACCTGCATTCGGTTAAAC

ACCACGCACGTTGCCATGCAGCGTACGAAGAAGGCCAAGAACGGCCGCCTGGTGACGGTATCCG

AGGGTGAAGCCTTGATTAGCCGCTACAAGATCGTAAAGAGCGAAACCGGGCGGCCGGAGTACAT

CGAGATCGAGCTAGCTGATTGGATGTACCGCGAGATCACAGAAGGCAAGAACCCGGACGTGCTG

ACGGTTCACCCCGATTACTTTTTGATCGATCCCGGCATCGGCCGTTTTCTCTACCGCCTGGCAC

GCCGCGCCGCAGGCAAGGCAGAAGCCAGATGGTTGTTCAAGACGATCTACGAACGCAGTGGCAG

CGCCGGAGAGTTCAAGAAGTTCTGTTTCACCGTGCGCAAGCTGATCGGGTCAAATGACCTGCCG

GAGTACGATTTGAAGGAGGAGGCGGGGCAGGCTGGCCCGATCCTAGTCATGCGCTACCGCAACC

TGATCGAGGGCGAAGCATCCGCCGGTTCCTAATGTACGGAGCAGATGCTAGGGCAAATTGCCCT

AGCAGGGGAAAAAGGTCGAAAAGGTCTCTTTCCTGTGGATAGCACGTACATTGGGAACCCAAAG

CCGTACATTGGGAACCGGAACCCGTACATTGGGAACCCAAAGCCGTACATTGGGAACCGGTCAC

ACATGTAAGTGACTGATATAAAAGAGAAAAAAGGCGATTTTTCCGCCTAAAACTCTTTAAAACT

TATTAAAACTCTTAAAACCCGCCTGGCCTGTGCATAACTGTCTGGCCAGCGCACAGCCGAAGAG

CTGCAAAAAGCGCCTACCCTTCGGTCGCTGCGCTCCCTACGCCCCGCCGCTTCGCGTCGGCCTA

TCGCGGCCGCTGGCCGCTCAAAAATGGCTGGCCTACGGCCAGGCAATCTACCAGGGCGCGGACA

AGCCGCGCCGTCGCCACTCGACCGCCGGCGCCCACATCAAGGCACCCTGCCTCGCGCGTTTCGG

TGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCG

GATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCGCAG

CCATGACCCAGTCACGTAGCGATAGCGGAGTGTATACTGGCTTAACTATGCGGCATCAGAGCAG

ATTGTACTGAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACC

GCATCAGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCG

AGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGA

AAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGT

TTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCG
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AAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCT

GTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTT

CTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGT

GCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAAC

CCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGT

ATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGT

ATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCC

GGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAA

AAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAA

CTCACGTTAAGGGATTTTGGTCATGCATGATATATCTCCCAATTTGTGTAGGGCTTATTATGCA

CGCTTAAAAATAATAAAAGCAGACTTGACCTGATAGTTTGGCTGTGAGCAATTATGTGCTTAGT

GCATCTAATCGCTTGAGTTAACGCCGGCGAAGCGGCGTCGGCTTGAACGAATTTCTAGCTAGAC

ATTATTTGCCGACTACCTTGGTGATCTCGCCTTTCACGTAGTGGACAAATTCTTCCAACTGATC

TGCGCGCGAGGCCAAGCGATCTTCTTCTTGTCCAAGATAAGCCTGTCTAGCTTCAAGTATGACG

GGCTGATACTGGGCCGGCAGGCGCTCCATTGCCCAGTCGGCAGCGACATCCTTCGGCGCGATTT

TGCCGGTTACTGCGCTGTACCAAATGCGGGACAACGTAAGCACTACATTTCGCTCATCGCCAGC

CCAGTCGGGCGGCGAGTTCCATAGCGTTAAGGTTTCATTTAGCGCCTCAAATAGATCCTGTTCA

GGAACCGGATCAAAGAGTTCCTCCGCCGCTGGACCTACCAAGGCAACGCTATGTTCTCTTGCTT

TTGTCAGCAAGATAGCCAGATCAATGTCGATCGTGGCTGGCTCGAAGATACCTGCAAGAATGTC

ATTGCGCTGCCATTCTCCAAATTGCAGTTCGCGCTTAGCTGGATAACGCCACGGAATGATGTCG

TCGTGCACAACAATGGTGACTTCTACAGCGCGGAGAATCTCGCTCTCTCCAGGGGAAGCCGAAG

TTTCCAAAAGGTCGTTGATCAAAGCTCGCCGCGTTGTTTCATCAAGCCTTACGGTCACCGTAAC

CAGCAAATCAATATCACTGTGTGGCTTCAGGCCGCCATCCACTGCGGAGCCGTACAAATGTACG

GCCAGCAACGTCGGTTCGAGATGGCGCTCGATGACGCCAACTACCTCTGATAGTTGAGTCGATA

CTTCGGCGATCACCGCTTCCCCCATGATGTTTAACTTTGTTTTAGGGCGACTGCCCTGCTGCGT

AACATCGTTGCTGCTCCATAACATCAAACATCGACCCACGGCGTAACGCGCTTGCTGCTTGGAT

GCCCGAGGCATAGACTGTACCCCAAAAAAACATGTCATAACAAGAAGCCATGAAAACCGCCACT

GCGCCGTTACCACCGCTGCGTTCGGTCAAGGTTCTGGACCAGTTGCGTGACGGCAGTTACGCTA

CTTGCATTACAGCTTACGAACCGAACGAGGCTTATGTCCACTGGGTTCGTGCCCGAATTGATCA

CAGGCAGCAACGCTCTGTCATCGTTACAATCAACATGCTACCCTCCGCGAGATCATCCGTGTTT

CAAACCCGGCAGCTTAGTTGCCGTTCTTCCGAATAGCATCGGTAACATGAGCAAAGTCTGCCGC

CTTACAACGGCTCTCCCGCTGACGCCGTCCCGGACTGATGGGCTGCCTGTATCGAGTGGTGATT

TTGTGCCGAGCTGCCGGTCGGGGAGCTGTTGGCTGGCTGGTGGCAGGATATATTGTGGTGTAAA

CAAATTGACGCTTAGACAACTTAATAACACATTGCGGACGTTTTTAATGTACTGAATTAACGCC

GAATTGAATTATCAGCTTGCATGCCGGTCGATCTAGTAACATAGATGACACCGCGCGCGATAAT

TTATCCTAGTTTGCGCGCTATATTTTGTTTTCTATCGCGTATTAAATGTATAATTGCGGGACTC

TAATCATAAAAACCCATCTCATAAATAACGTCATGCATTACATGTTAATTATTACATGCTTAAC

GTAATTCAACAGAAATTATATGATAATCATCGCAAGACCGGCAACAGGATTCAATCTTAAGAAA

CTTTATTGCCAAATGTTTGAACGATCTGCTTGACTCTAGCTAGAGTCCGAACCCCAGAGTCCCG

CTCAGAAGAACTCGTCAAGAAGGCGATAGAAGGCGATGCGCTGCGAATCGGGAGCGGCGATACC

GTAAAGCACGAGGAAGCGGTCAGCCCATTCGCCGCCAAGCTCTTCAGCAATATCACGGGTAGCC

AACGCTATGTCCTGATAGCGGTCCGCCACACCCAGCCGGCCACAGTCGATGAATCCAGAAAAGC

GGCCATTTTCCACCATGATATTCGGCAAGCAGGCATCGCCGTGGGTCACGACGAGATCCTCGCC

GTCGGGCATCCGCGCCTTGAGCCTGGCGAACAGTTCGGCTGGCGCGAGCCCCTGATGCTCTTCG

TCCAGATCATCCTGATCGACAAGACCGGCTTCCATCCGAGTACGTGCTCGCTCGATGCGATGTT

TCGCTTGGTGGTCGAATGGGCAGGTAGCCGGATCAAGCGTATGCAGCCGCCGCATTGCATCAGC

CATGATGGATACTTTCTCGGCAGGAGCAAGGTGAGATGACAGGAGATCCTGCCCCGGCACTTCG
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CCCAATAGCAGCCAGTCCCTTCCCGCTTCAGTGACAACGTCGAGCACAGCTGCGCAAGGAACGC

CCGTCGTGGCCAGCCACGATAGCCGCGCTGCCTCGTCTTGGAGTTCATTCAGGGCACCGGACAG

GTCGGTCTTGACAAAAAGAACCGGGCGCCCCTGCGCTGACAGCCGGAACACGGCGGCATCAGAG

CAGCCGATTGTCTGTTGTGCCCAGTCATAGCCGAATAGCCTCTCCACCCAAGCGGCCGGAGAAC

CTGCGTGCAATCCATCTTGTTCAATCATGCCTCGATCGAGTTGAGAGTGAATATGAGACTCTAA

TTGGATACCGAGGGGAATTTATGGAACGTCAGTGGAGCATTTTTGACAAGAAATATTTGCTAGC

TGATAGTGACCTTAGGCGACTTTTGAACGCGCAATAATGGTTTCTGACGTATGTGCTTAGCTCA

TTAAACTCCAGAAACCCGCGGCTGAGTGGCTCCTTCAACGTTGCGGTTCTGTCAGTTCCAAACG

TAAAACGGCTTGTCCCGCGTCATCGGCGGGGGTCATAACGTGACTCCCTTAATTCTCATGTATG

ATAATTCGAGGGTACCCGGGGATCCTCTAGAGGGCC 
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APPENDIX-E 

AMINO ACID SEQUENCE OF PSTHA2A5 GENE  

(GH737102.1) 

MQSFNFFIVFAVLLINTQFISVKSFKCPGLHGTPSQTHGYCTRSITDEERKAKKIGKEFTMWKE

EIKTVDGKFSCDKVDLNGSVATDSFCCDVAGRIGEVEKSKQAMWTNNCSKAS 

// 


