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 Commonly, when it is desirable to replace an essential gene with an allelic series of 

mutated genes, or genes with altered expression patterns, the complementing constructs are 

introduced into heterozygous plants, followed by the selection of homozygous null segregants.  

To overcome this laborious and time-consuming step, the newly developed two-component 

system utilizes a site-specific recombinase to excise a wild-type copy of the gene of interest from 

transformed tissues.  In the first component (the first vector), a wild-type version of the gene is 

placed between target sequences recognized by FLP recombinase from the yeast 2 μm plasmid.  

This construct is transformed into a plant heterozygous for a null mutation at the endogenous 

locus, and progeny plants carrying the excisable complementing gene and segregating 

homozygous knockout at the endogenous locus are selected.  The second component (the second 

vector) carries the experimental gene along with the FLP gene.  When this construct is 

introduced, FLP recombinase excises the complementing gene, leaving the experimental gene as 

the only functional copy. The FLP gene is driven by an egg apparatus specific enhancer (EASE) 

to ensure excision of the complementing cDNA in the egg cell and zygote following floral-dip 

transformation. The utility of this system is being tested using various experimental derivatives 

of the essential sucrose-proton symporter, AtSUC2, which is required for photoassimilate 

transport.  
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 The Role of Phloem and Phloem Anatomy in Transport 

 The phloem is a plant vascular tissue that plays an important role in the transport of 

various organic and inorganic nutrients, signal molecules and hormones. The products of 

photosynthesis (photosynthate) from mature leaves, which are the areas of photosynthate supply 

called sources, are translocated to areas of growth and storage in the plant, called sinks, via the 

phloem. The photosynthate (sugars) from mesophyll cells moves to sieve elements, which are 

phloem cells that translocate sugars and other organic materials throughout the plant. Sieve 

elements are associated with densely cytoplasmic parenchyma cells called companion cells, 

which provide the necessary proteins and metabolites for sieve element function and 

maintenance (van
 
Bel and Knoblauch, 2000). The sieve elements and companion cells together 

form the sieve element-companion cell complex (SE-CCC). The sieve elements and companion 

cells are connected by numerous plasmodesmata (plasma membrane-bound tubules). Fig. 1 gives 

an illustration of a sieve element and companion cell in the SE-CCC. 

 There are three different types of companion cells: (1) ordinary companion cells, (2) 

transfer cells, and (3) intermediary cells, based on the type of plant species. All three types of 

companion cells have abundant mitochondria and dense cytoplasm. The ordinary companion 

cells have abundant connections with their sieve elements but very few plasmodesmata between 

other surrounding cells and are involved in solute uptake from the cell wall space. They have 

well-developed thylakoids in chloroplasts, and smooth inner cell wall surface. The transfer cells 

have fingerlike cell wall ingrowths, which increase the plasma membrane surface area and are 
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Figure 1: Diagram showing the sieve element-companion cell complex (SE-CCC) (Taiz and 
Zeiger, 2002). 

[Reproduced with permission from Sinauer Associates, Inc.] 
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 also thought to facilitate solute uptake from the cell wall space (Wimmers and Turgeon, 1991). 

The intermediary cells have abundant plasmodesmata connections with surrounding cells and are 

suitable for solute uptake via cytoplasmic connections (Turgeon et al., 1993). Fig. 2 shows the 

anatomy of each type of companion cell. 

 

1.2 Phloem Transport Mechanism  

  Transport of photosynthate from the source tissues to sink tissues via phloem is driven by 

osmotically generated pressure flow (OGPF). The pressure-flow model was proposed by Ernst 

Munch in 1930 (Munch, 1930). According to the pressure-flow model, a hydraulic pressure 

gradient is generated between the source and sink tissues due to a difference in their solute 

potentials. This results in the mass flow of water and dissolved photosynthate in the phloem. The 

processes of phloem loading and unloading seem to control the rate of phloem transport. 

 

1.3 Phloem Loading 

 The process of phloem loading refers to the movement of photosynthate from the 

mesophyll cell to the sieve elements to establish a high solute concentration in the phloem. 

Phloem loading can be either through the symplastic route or through the apoplastic route. The 

symplast lies within the plasma membrane and is connected from cell to cell via plasmodesmata. 

The apoplast lies outside the plasma membrane and is comprised of the cell walls and xylem 

conducting cells.  

 

1.3.1 Symplastic Phloem Loading 

  Symplastic phloem loading operates in species that translocate sugars belonging to the  
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         (a)                                               

 

                                                                         

 

Figure 2: Electron micrographs showing anatomy of different types of companion cells: (a) 
ordinary companion cell and intermediary cell (Turgeon et al., 1993) (b) transfer cell (Brentwood 

and Cronshaw, 1978) (source: Taiz and Zeiger, 2002). 
[Reproduced with permission from Springer Science and Business Media.] 

Sieve elements

(b) 
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raffinose family of oligosaccharides (RFOs), such as raffinose and stachyose, in addition to 

sucrose. Plants that load via the symplast have intermediary companion cells. Symplastic phloem 

loading can be explained by the “polymer trap” model proposed by Robert Turgeon (Turgeon 

and Gowan, 1990; Turgeon, 1991). According to the polymer trap model (Fig. 3) sucrose 

diffuses from mesophyll cells into the intermediary cells (specialized companion cells) via 

specialized plasmodesmata, gets converted into larger oligosaccharides (raffinose and 

stachyose), thus keeping the sucrose concentration low in the intermediary cells and allowing for 

continued diffusion of sucrose. The size exclusion limit of the plasmodesmata between the 

bundle sheath cells and intermediary cells allows for diffusion of sucrose into the intermediary 

cells but does not allow raffinose and stachyose to diffuse in the opposite direction due to their 

larger size. The RFOs then enter the sieve elements via large plasmodesmata connecting these 

cells. 

 

1.3.2 Apoplastic Phloem Loading 

 In apoplastic phloem loading, photosynthate from the mesophyll cells is first released 

into the apoplastic space, and is then loaded into the sieve elements. Loading of sugars from the 

apoplast into the sieve elements and companion cells is an active process carried out by 

transporters located in the plasma membrane of these cells. Sucrose is the predominant transport 

sugar in the apoplast, which enters the apoplast at the boundary between the phloem parenchyma 

and SE-CCCs. Sucrose-H
+
 symporters mediate its transport from the apoplast into companion 

cells and the sieve elements of the leaves (Fig. 4). The H
+
 concentration gradient (i.e., the proton 

force) generated across the plasma membrane between the apoplast and symplast energizes 

transport of sucrose by the sucrose-H
+
 symporter (Taiz and Zeiger, 2002). Sovonick et al. in 
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Figure 3: The ‘polymer trap’ model for symplastic phloem loading. 
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Figure 4: Apoplastic phloem loading mediated by the sucrose-proton symporter. 
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1974 showed for the first time that sucrose could enter the phloem via an energy-dependent 

plasma membrane localized sucrose- H
+ 

symporter in sugar beet. The first sucrose carrier was 

cloned from spinach by heterologous expression in yeast (Riesmeier et al., 1992). Inhibition of 

sucrose transporters by application of p-chloromercuribenzene-sulfonic acid (PCMBS) further 

demonstrated their importance in apoplastic phloem loading (Giaquinta, 1983). 

 

1.4 AtSUC2: Arabidopsis thaliana Sucrose Symporter 

 The AtSUC2 gene in Arabidopsis thaliana encodes an essential sucrose- H
+
 symporter, 

which is found (in the companion cells) throughout the phloem (Stadler and Sauer, 1996). It 

functions in loading sucrose (Truernit and Sauer, 1995) from the apoplast into the SE-CCC 

(DeWitt and Sussman, 1995).  AtSUC2 is essential for phloem transport in Arabidopsis and 

mutations in the AtSUC2 gene result in inability to transport sugars. Plants homozygous for a 

knockout mutation in the AtSUC2 gene show severely stunted growth and develop more slowly. 

These plants do not set flowers and do not produce any viable seeds (Gottwald et al., 2000). 

Their mature leaves show anthocyanin and starch accumulation, which are indicative of an 

inability to transport the products of photosynthesis from source to sink tissues.  

 

1.5 The FLP Site-specific Recombinase 

 The AtSUC2 gene is essential and it is difficult to work with plants homozygous for a 

mutation in the endogenous AtSUC2. It would be desirable to create mutants with conditional 

expression in specific tissues or at specific stages of development by use of a site- specific  

recombinase.  

 Site-specific recombinases are enzymes that recognize specific DNA sequences and  
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catalyze recombination between them. FLP from the 2µm Saccharomyces cerevisiae plasmid 

(Broach and Hicks, 1980), Cre from the bacteriophage P1 (Austin et al., 1981) and R from the 

pSR1 plasmid of Zygosaccharomyces rouxii (Araki et al., 1985) are all site-specific 

recombinases that catalyze recombination between two 34 bp long target sites (McLeod et al., 

1986). The sites recognized by FLP are referred to as FLP recognition target sites (FRTs) and the 

Cre recognition sites are referred to as loxP (locus of crossing over, x, P1) sites. DNA between 

the recombinase target sites is inverted if the target sites are in opposite orientation (Broach and 

Hicks, 1980) and excised if the target sites are arranged in the same orientation (Vetter et al., 

1983). Fig. 5 shows the possible recombination events using FLP-mediated recombination as an 

example. Site-specific recombinases have been used to excise DNA sequence between two 

recombinase target sites, to bring about marker gene expression from a promoter. The marker 

gene is expressed only after excision upon site-specific recombination but not before 

recombination. 
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Figure 5: FLP-mediated recombination between two FRT sites. (a) Inversion of interlying DNA 

with FRT sites are in opposite orientation. (b) Excision of interlying DNA with FRT sites in 

same orientation. 
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CHAPTER 2 

 

 

TWO-COMPONENT VECTOR SYSTEM 

 

 A two-component vector system was established to generate “on-demand” knockout 

plants of specific genes. The two-component vector system comprises two vectors: the first 

vector is pART-P450-ecSUC2-BAR harboring the excisable complementing AtSUC2 (ecSUC2) 

and the second vector is pCAM-Gent-TSpSUC2-EASE-FLP carrying the tissue-specific AtSUC2 

gene along with the FLP gene. The following sections discuss each in turn. 

 

2.1 Establishment of Parent Lines Harboring the Excisable and Complementing AtSUC2 cDNA 

 In order to establish a parent line carrying the excisable and complementing AtSUC2 

cDNA that could be removed when desired, the FLP-mediated recombination system was 

employed. The plasmid pFLP-SWITCH was obtained from James A.H.Murray, University of 

Cambridge (Davies et al., 1999) and used as parent vector with modifications for constructing 

the first vector pART-P450-ecSUC2-BAR of the two-component system. In pFLP-SWITCH 

(Fig. 6) the GUS reporter gene is flanked by the FLP recognition target sites (FRTs) and 

separates the gene of interest from the constitutive cauliflower mosaic virus 35S promoter thus 

blocking expression of the gene of interest. The GUS gene is expressed from the 35S promoter 

prior to FLP-mediated recombination but after FLP-mediated recombination the GUS gene 

between the FRT sites is excised and the gene of interest becomes adjacent to, and is expressed 

from, the 35S promoter.  The T-DNA region of the first vector pART-P450-ecSUC2-BAR is 

designed to completely complement the endogenous AtSUC2 T-DNA mutation prior to excision 

by the FLPrecombinase, and also designed with markers to ensure excision after recombinase 
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Figure 6: Strategy of using pFLP-SWITCH, with the ‘gene of interest’ inserted downstream of 

the GUS gene, using HindIII/KpnI sites. (35Sp: Cauliflower mosaic virus 35S promoter, HSp: 

Heat shock promoter, FRTs: FLP recognition target sites). 
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 induction (Fig. 7). The vector T-DNA components include (1) Bar gene, conferring glufosinate 

ammonium herbicide resistance, (2) P450 gene, a counter selection marker, (3) cDNA of the 

AtSUC2 gene, (4) nptII gene, encoding kanamycin resistance, and (5) Left and right borders for 

Agrobacterium tumefaciens mediated plant transformation. The P450 and Bar components are 

the safeguards confirming the excision event upon FLP induction. The vector pART-P450-

ecSUC2-BAR was created using the plasmid pFLP-SWITCH obtained from J.H.Murray and 

binary vector pART27 (Gleave, 1992).  

 

2.1.1 Bar Gene 

 The Bar gene from the bacterium Streptomyces hygroscopicus encodes the enzyme 

phosphinothricin acetyltransferase (PAT), which confers resistance to phosphinothricin (PPT; 

also glufosinate ammonium). Phosphinothricin (PPT) is a potent inhibitor of glutamine 

synthetase, which plays a central role in ammonia assimilation and regulation of nitrogen 

metabolism in plants (Skokut et al., 1978). Glutamine synthetase is the only enzyme in plants 

functioning in ammonia detoxification and its inhibition leads to plant cell death due to ammonia 

accumulation and toxicity (Tachibana et al., 1986). Expression of the Bar gene in tobacco, potato 

and tomato plants confers resistance to high doses of commercial sources of PPT, such as Basta 

or Finale (Block et al., 1987) and is commonly used as a selectable marker in Arabidopsis.  In 

the plasmid pART-P450-ecSUC2-BAR, the Bar gene is separated from the 35S promoter (Fig. 

7) before FLP-mediated recombination and its expression is minimized. Upon FLP-mediated 

recombination, the Bar gene will be adjacent to, and become expressed from, the 35S promoter. 

Resistance of transgenic plants to glufosinate ammonium treatment (100 mg/L) will indicate  

 successful excision and thus, provide an effective selectable marker. 
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2.1.2 P450SU1 Gene 

 The P450SU1 gene from Streptomyces griseolus encodes a cytochrome P450 

monooxygenase capable of metabolizing sulfonylurea herbicides (O’Keefe et al., 1988). The 

expression of P450SU1 results in the metabolism of the proherbicide R7402 to a highly phytotoxic 

metabolite. Thus, plants expressing the P450SU1 are killed by R7402 treatment that is harmless to 

plants without P450SU1 expression. The P450 cassette between the two FRT sites (Fig. 7) is 

expressed before FLP-mediated recombination but will not be expressed after FLP-mediated 

recombination due to excision. The P450SU1 is therefore a highly effective counter-selectable 

marker as plants resistant to R7402 treatment (100 µg/L, Tissier et al., 1999) will indicate 

successful excision of the gene cassettes (P450 and ecSUC2) between the FRT sites. 

 

2.1.3 AtSUC2 Gene 

 The cDNA of the AtSUC2 gene is driven by the 2kb AtSUC2 promoter, and will 

complement the homozygous (Atsuc2/Atsuc2) T-DNA insertion mutation in Arabidopsis. The 

excisable complementing AtSUC2 (ecSUC2) cDNA between the FRT sites of plasmid pART-

P450-ecSUC2-BAR (Fig. 7) will be excised upon FLP-mediated recombination. Thus, ecSUC2 

will complement the homozygous mutation only before FLP recombination and 

complementation of homozygous Arabidopsis plants after FLP recombination will be from the 

AtSUC2 gene under control of a tissue-specific promoter, delivered by the second vector (See 

Fig. 8).  

 

2.1.4 nptII Gene 

 The nptII gene in the first vector’s T-DNA (Fig. 7) is a plant selection marker, encoding   
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Figure 7: First vector pART-P450-ecSUC2-BAR T-DNA carrying the gene of interest and 

selection markers, with their unique restriction sites.nosp- nptII-nos3’: Gene encoding 

kanamycin resistance in transgenic plants expressed from the nopaline synthase promoter (nosp) 

and terminator (nos3’), 35Sp: Cauliflower mosaic virus constitutive 35S promoter; FRTs: FLP 

recognition target sites; P450: Gene encoding counter selectable marker that makes plants 

sensitive to the proherbicide R7402, inserted upstream of the AtSUC2; SUC2pSUC2: cDNA of 

AtSUC2 under control of its native promoter, replacing the GUS gene; Bar: Herbicide 

(glufosinate ammonium) resistance marker inserted downstream of AtSUC2 cassette; LB: T-

DNA left border; RB: T-DNA right border. 
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resistance to the antibiotic kanamycin. The nptII gene will aid in selection of transgenic plants, 

by conferring resistance to kanamycin in plants harboring the T-DNA of the first vector. 

 

2.2 Second Vector: pCAM-Gent-TSpSUC2-EASE-FLP 

 The plasmid pCAM-Gent-TSpSUC2-EASE-FLP is designed to carry the tissue-specific 

AtSUC2 cassette and also to deliver the FLP gene. The expression of FLP is required to remove 

the complementing and excisable cDNA copy of AtSUC2 introduced by the first vector. Removal 

of ecSUC2 renders the tissue-specific AtSUC2 cDNA, introduced by the second vector, as the 

only functional copy The vector pCAM-Gent-TSpSUC2-EASE-FLP (Fig. 8) is created using 

pCAMBIA0390 plasmid as backbone (CAMBIA, www.cambia.org). The components of the 

second vector include, (1) FLP gene encoding the FLP recombinase, (2) Egg Apparatus-Specific 

Enhancer (EASE) driving expression of the FLP, (3) aacC1 gene encoding gentamycin 

resistance, and (4) the AtSUC2 gene under the expression of a tissue-specific promoter 

(TSpSUC2). 

2.2.1 FLP Gene 

 The FLP gene encodes the site-specific FLP recombinase that recognizes the FRT sites 

and catalyses recombination between them (Fig 8). The FLP/FRT recombination system has 

been used in plants to excise genes lying between directly orientated FRT sites (Kilby et al., 

1995). The FLP-mediated recombination system has been used to conditionally activate 

antibiotic resistance in transgenic tobacco plants (Davies et al., 1999). The production of hybrid 

seeds and plants from male-sterile plants has been demonstrated by use of FLP site-specific 

recombinase and restoration of fertility (Luo et al., 2000).   
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 2.2.2 Egg Apparatus-Specific Enhancer (EASE) 

 The Egg Apparatus-Specific Enhancer (EASE) element with the CaMV 35S -45 minimal 

promoter will drive expression of the FLP gene (Fig. 8). The EASE element has egg-apparatus 

specific expression and also drives expression after fertilization in the zygote and early embryo 

(Yang et al., 2005) to ensure FLP expression in the very first cells of the embryo. Expression of 

the FLP gene from EASE is designed to prevent sectoring of expression from genetic mosaics. 

 

2.2.3 aacC1 Gene  

 The engineered aacC1 gene (Fig. 8) encoding gentamycin acetyltransferase confers 

resistance to the antibiotic gentamycin. This enzyme in bacteria inactivates aminoglycoside 

antibiotics by acetylation. The use of aacC1 gene as a plant selectable marker for transformation 

was first demonstrated by Hayford et al. in 1988 in a variety of plant species including 

Arabidopsis, tobacco (Carrer et al., 1991), tomato and petunia.  

 

2.2.4 TSpSUC2 

 The AtSUC2 gene under control of a tissue-specific promoter (e.g. rolC, CoYMV, 

CmGAS1) will replace, in function, the AtSUC2 (ecSUC2) introduced by the first vector T-DNA 

after ecSUC2 excision by the FLP recombinase (Fig. 8). The rolC promoter from Agrobacterium 

tumefaciens (Kuhn et al., 1996), the CoYMV promoter (Matsuda et al., 2002) from the 

Commelina Yellow Mottle Virus and the CmGAS1 promoter (Ayre et al., 2003) from galactinol 

synthase gene of melon, all have phloem-specific expression. A near to wild-type growth 

restoration of homozygous Arabidopsis plants after excision of the ecSUC2 cassette will indicate 
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effective expression of AtSUC2 from the tissue-specific promoters. The expression of AtSUC2 

gene from the 2kb AtSUC2 promoter (Wright et al., 2003) will serve as a positive control. 
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Figure 8: Second vector pCAM-Gent-TSpSUC2-EASE-FLP T-DNAdelivering the FLP 

recombinase. aacC1: Gene encoding gentamycin resistance under control of the 35S promoter 

and nos terminator, for selection of transgenic plants; 35Sp: Cauliflower mosaic virus 

constitutive 35S promoter; lox: Cre recombinase recognition site; Ori: pBR322 bacterial origin 

of replication; aadA: Gene encoding kanamycin resistance for selection of transformed bacteria; 

TSpSUC2: Functional AtSUC2 cDNA under the control of tissue specific promoter and nos 

terminator; SbfI, KpnI, EcoRI: Cloning sites for cloning the TSpSUC2 cassette; EASE: Egg 

Apparatus-Specific Enhancer driving the expression of FLP recombinase; 35Sp-45: Cauliflower 

mosaic virus 35S promoter -45 region; FLP: Gene encoding the site-specific FLP recombinase; 

aatB1: Gateway recombination site; LB: T-DNA left border; RB: T-DNA right border. 
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CHAPTER 3 

 

 

MATERIALS AND METHODS 

 

3.1 General Molecular Techniques 

All restriction digestions, ligation reactions and dialysis were carried out according to 

standard protocol (Sambrook et al., 2001). Restriction endonuclease enzymes were obtained 

from New England Biolabs (NEB, Beverly, MA).  All DNA sequencing for sequence analysis 

was done at SeqWright DNA Technology Services (Houston, TX).  

 

3.2 Media Preparation 

Luria-Bertani (LB) medium was used for the cultivation of Escherichia coli and 

Agrobacterium tumefaciens strains (Sambrook et al., 2001). LB medium has the following 

ingredients per 1000 ml of distilled H2O: 10 g tryptone, 5 g yeast extract and 5 g NaCl. The 

above ingredients were first dissolved in 850 ml of dH2O. The pH was adjusted to 7.0 using 5 N 

NaOH and the volume was then adjusted to 1000 ml with dH2O. 15 g of agar was added when 

making LB solid medium. The medium was sterilized by autoclaving for 20 minutes at 15 psi on 

liquid cycle.  

1% Murashige-Skoog (MS) medium (Murashige and Skoog, 1962) with the appropriate 

antibiotic was used for screening transformed Arabidopsis seeds. MS medium has the following 

ingredients per 1000 ml of distilled H2O: 10 g sucrose and 4.44 g MS Modified Basal Medium 

w/ Gamborg Vitamins (PhytoTechnology Laboratories, Shawnee Mission, KS). The above 

ingredients were dissolved in 850 ml dH2O. The pH was adjusted to 5.6 using 1 M KOH and the 
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volume was then adjusted to 1000 ml with dH2O. 2.5 g of Gelrite gellan gum (Sigma, St.Louis 

MO) was added and the medium was sterilized by autoclaving for 20 minutes at 15 psi on liquid  

cycle. After autoclaving, the medium was allowed to cool to ~ 60
°
 C. 200 mg/L Timentin 

(Ticarcillin, disodium salt / Potassium clavulanate mixture 15:1) (Research products 

International Corp., Mt. Prospect, IL) was then added to the medium to suppress Agrobacterium 

tumefaciens growth, along with the appropriate antibiotic, for selection of transformants.  

 

3.3 Bacterial Transformation 

The XL-1 BLUE strain of E .coli (Stratagene, La Jolla, CA) was used for all 

transformation procedures and was carried out by electroporation (Sambrook et al., 2001), using 

a Bio-Rad® gene pulser (Bio-Rad Laboratories, Inc. Hercules, CA). The competent cells were 

first thawed on ice. 4 µl DNA was added to 40 µl cells, mixed gently and incubated on ice for 1 

minute. The cells were then transferred to a 2 mm electroporation cuvette and pulsed at 2.5 KV. 

1 ml of sterile LB broth was added to them and the cells were cultured for 1.5 hrs at 37° C. Cells 

were plated on LB media with the appropriate antibiotic for plasmid selection. Transformation of 

Agrobacterium tumefaciens strain GV3101mp90 (Koncz and Schell, 1986) was also done as 

mentioned above.  

 

3.4 Rapid Plasmid Isolation 

Plasmid isolation was by an alkaline lysis miniprep procedure (Sambrook et al., 2001). 

Plasmid was extracted from a 2 ml overnight culture obtained from a single colony. The culture 

was vortexed briefly and transferred to a 2.0 ml microcentrifuge tube. The culture was 

centrifuged to harvest cells and the supernatant was aspirated off. The harvested cells were 
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resuspended in 200 µl of Solution I (50 mM Tris pH 8.0, 10 mM EDTA and 0.1 mg/ml RNAse) 

by vortexing. 200 µl of Solution II (200 mM NaOH and 1% SDS) was added and mixed gently 

by inversion. 200 µl of Solution III (60.0 ml of 5 M Potassium acetate, 11.5 ml glacial acetic 

acid and 28.5 ml sterile dH2O) was then added and mixed thoroughly by inversion. The sample 

was placed on ice for 5 minutes and then centrifuged for 10 minutes. The supernatant was 

transferred to a 1.5 ml microfuge tube containing 0.7 volumes of isopropanol and mixed well by 

inversion to precipitate the plasmid DNA and centrifuged at full speed for 10 minutes. The  

supernatant was aspirated off and the pellet was washed with 1 ml 70% ethanol. After washing, 

the supernatant was discarded; the DNA pellet was air-dried and resuspended in 50 µl sterile 

dH2O.  

 

3.5 Plant Genomic DNA Isolation 

Genomic DNA from Arabidopsis thaliana plants was isolated either by CTAB method 

(Doyle and Doyle, 1987) with slight modifications or using the ‘Extract-N-Amp’ Plant PCR kit 

(Sigma, St. Louis, MO) with slight modifications to the manufacture’s protocol.  

 For the CTAB method, 1-2 mg of plant leaf tissue was cut out, placed in a 1.5 ml 

microcentrifuge tube and ground. 300 µl of 2X CTAB buffer solution (2% (w/v) cetyl-trimethyl-

ammonium bromide (CTAB), 1.4 M NaCl, 100 mM Tris HCl pH 8.0, 20 mM EDTA) was added 

and incubated at 65° C for 1 hour. The reaction contents were allowed to cool and 300 µl 

chloroform was added. The contents were vortexed thoroughly and then centrifuged for 1 min to 

separate the phases. The upper aqueous phase was transferred to a new microcentrifuge tube, 300 

µl of isopropanol was added and mixed well.  The samples were then spun in a microcentrifuge 

for 5 minutes to pellet DNA. The supernatant was aspirated and the pellet was washed with 500 
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µl 70% ethanol. The samples were spun in a microcentrifuge for 1 min, the supernatant was 

aspirated and the pellet was air-dried. 100 µl of Tris-EDTA buffer was added to the air-dried 

pellet and vortexed briefly to dissolve the pellet.   

For the Extract-N-Amp protocol, 1-2 mg of plant leaf tissue was cut out and placed in a 

2.0 ml collection tube. 70 µl extract solution was added, immersing the leaf tissue. The tube was 

then incubated at 85° C for 10 minutes. After incubation, the reaction components were allowed 

to cool for 2-3 minutes. 70 µl dilution solution was then added and vortexed briefly to 

completely dissolve leaf tissue. 

 

3.6 Plant Genotyping 

Plants were genotyped by touchdown PCR (Sambrook et al., 2001) using Taq DNA 

polymerase enzyme (NEB).  The two gene specific primers PR1F (AACCGCAACCGCAGCCT-

CTAAG) and PR1R (CCTAGGGAAAGTCCTGTGGAAGAA) were designed to amplify 800 

bp of the AtSUC2 gene. The T-DNA specific primer LB-SALK (GCGTGGACCGCTTGCTGC-

AACT) and PR1R were designed to amplify a 450 bp mutant band. The touchdown PCR 

conditions optimized for the genotyping are listed in Table 1. A typical genotyping reaction 

contained 200 µM dNTPs, 200 nM each primer, 0.2 units Taq polymerase, 1 µL isolated 

genomic DNA and 2 µL of supplied buffer in a 20 µL reaction.  

 

3.7 Arabidopsis Seeds 

Seeds of three Arabidopsis lines SALK_087046, SALK_01331 and SALK_038124 

(Alonso et al., 2003) with a T-DNA insertion in the AtSUC2 gene were obtained from the 

Arabidopsis Biological Research Center (ABRC) as segregating T3 lines. Insertion mutant  
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Table 1: Cycling conditions for touchdown PCR used for plant genotyping. 
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information was obtained from the SIGnAL website at http://signal.salk.edu. The SALK lines 

are T-DNA insertions from the binary vector pBIN-pROK2 (Baulcombe et al., 1986) in the 

Columbia-0 ecotype, generated at the The Salk Institute in California, USA.  

 

3.8 Confirmation of T-DNA Location 

 Genomic DNA was amplified using the T-DNA specific primer set (PR1R and LB- 

SALK). The amplified PCR product was resolved on a 1.2% gel, and the 450 bp product 

corresponding to the T-DNA insertion site was cut out and purified using the Wizard SV Gel and 

PCR clean-up Kit (Promega, Madison, WI). The gel purified product was then ligated into the  

pGEM T-easy vector (Promega), the ligation product dialyzed and transformed. Plasmid DNA 

was isolated and analyzed by restriction digestion. Sequencing of the plasmid DNA further 

confirmed the presence and location of T-DNA in the second
 
intron of AtSUC2 gene.  

 

3.9 Construction of pART-P450-ecSUC2-BAR  

The construction of pART-P450-ecSUC2-BAR was carried out in four steps: 

(1) Construction of pFLP-SWITCH-BAR by introduction of the Bar gene (encoding resistance to 

glufosinate ammonium herbicide). 

(2) Construction of pGEM-ecSUC2-BAR by transferring the pFLP-SWITCH-BAR NotI cassette 

into pGEM T-easy (Promega), followed by introduction of the AtSUC2 cassette in between FRT 

sites, rendering the AtSUC2 gene excisable (ecSUC2) upon action of FLP recombinase. 

 (3) Construction of pGEM-P450-ecSUC2-BAR by introduction of the P450 gene cassette 

(encoding R7402 herbicide metabolism). 
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(4) Transfer of the pGEM-P450-ecSUC2-BAR cassette as a NotI fragment into pART27 

(Gleave, 1992), generating pART-P450-ecSUC2-BAR.  

Detailed procedures follow. 

 

3.9.1 Construction of pFLP-SWITCH-BAR 

The plasmids pFLP-SWITCH (obtained from James A.H.Murray, University of 

Cambridge; Davies et al., 1999) and pGPTV-BAR (source of the Bar gene; Becker et al, 1992) 

were transformed individually into XL-1 BLUE E.coli cells using a heat shock method of 

transformation (Sambrook et al., 2001). The transformed cells were plated out on LB media 

containing 30 µg/ml of kanamycin antobiotic and 200 µg/ml of ampicillin antibiotic, for pGPTV-

BAR and pFLP-SWITCH, respectively. Plasmid DNA was isolated and plasmid identity was 

confirmed by obtaining the expected fragment sizes after digestion with restriction 

endonucleases EcoRI/HindIII for pGPTV-BAR plasmid and XbaI/NotI for pFLP-SWITCH 

plasmid.  

 To facilitate sub-cloning of the Bar gene into the HindIII/KpnI sites of the pFLP-

SWITCH backbone, an internal KpnI recognition site was mutagenized in the Bar gene by a 

mutagenic PCR approach (Fig. 9). The Bar gene from pGPTV-BAR was first amplified using the 

phosphorylated primers BARKpn3 (AGTAAGGTACCTCATCAGATTTCGGTGACG) and 

BARHind5 (TTACTAAGCTTAACAATGAGCCCAGAACGACG). Table 2 shows the PCR 

conditions for the first amplification. The amplified product was purified and ligated to itself for 

use as template for a mutagenic PCR round. The mutagenesis was done using the primers BAR-

Kpnmut3 (ACGGGGCGGAACCGGCAGGCTGAAG) and BAR-Kpnmut5 (CCGGTCCTGCC-

CGTCACCGAAATC). The mutagenized PCR product from this round of PCR was purified and 
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ligated to itself for use as template in a final round of PCR. The amplification of the mutagenized 

Bar gene was carried out using the primers BAR-Kpn3 and BAR-Hind5. Cycling conditions for 

the second and final amplification are listed in Table 3 and Table 4, respectively. The final 

amplified mutagenized Bar gene product was digested with restriction enzymes HindIII and 

KpnI and ligated into the pFLP-SWITCH backbone also digested with HindIII and KpnI. The 

ligated mixture was transformed into E. coli cells. Plasmid DNA was isolated and recombinant 

clones were tested for the presence of the insert by a HindIII/KpnI restriction digest. The 

mutagenesis of the undesirable KpnI restriction site in the BAR gene was also confirmed by 

sequencing. This plasmid is referred to as pFLP-SWITCH-BAR. 

 

3.9.2 Construction of pGEM-ecSUC2-BAR 

The pFLP-SWITCH backbone contained an inconvenient SacI restriction site. Therefore, 

the NotI fragment from pFLP-SWITCH-BAR that excluded the inconvenient SacI site was sub 

cloned into the NotI site of pGEM-T-easy cloning vector (Promega, Wisconsin, USA) creating 

the plasmid pGEM-BAR (Fig. 10). The ligation product was transformed into E. coli cells and 

positive clones identified by digestion with HindIII restriction endonuclease. (A SacI site in the 

pGEM-T-easy backbone was mutated prior to sub cloning by digesting with SacI, treating with 

T4 DNA polymerase to make the SacI digested ends blunt and religating).  The AtSUC2 cDNA 

under the control of its 2 kb native promoter was obtained as a BamHI/SacI fragment from the 

pGEM-SUC2p/SUC2 plasmid (Ayre et al., unpublished) and cloned into BamHI/SacI digested 

pGEM-BAR backbone, creating pGEM-ecSUC2-BAR. The insertion of the SUC2pSUC2 

cassette into the pGEM-BAR backbone was analyzed by restriction digestion with the restriction 

endonuclease KpnI. The desired fragment sizes of 6.5 kb and 2.5 kb were ontained, confirming  
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Figure 9: Schematic representation of Bar gene amplification and the mutation of an internal 

KpnI site. The internal, undesirable KpnI site is indicated in red and the Bar gene represented in 

blue. The primer binding sites are indicated in green arrows. 
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Table 2: Cycling conditions for the first PCR amplification of Bar gene from pGPTV-BAR. 
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Table 3: Cycling conditions for the second mutagenic PCR amplification of Bar gene. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4: Cycling conditions for the final round of PCR amplification of Bar gene. 
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Figure 10: Schematic representation of steps involved in the construction of pGEM-BAR 

plasmid.
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the positive clones.  

 

3.9.3 Construction of pGEM-P450-ecSUC2-BAR 

 The P450 gene cassette consisting of a promoter from the small subunit of rubisco, a 

chloroplast target sequence fused to the P450 ORF, and a polyadenylation signal from rubisco 

was obtained as a BamHI  fragment in a pUC118 backbone from Daniel O’Keefe (Dupont, 

Wilmington; O’Keefe et al., 1994). The oligonucleotide PspOMImut R2496 (AATAACGGGG-

CCCCCCGCGATGTC) was designed to amplify the 3’ portion of the cassette and to mutate an 

undesirable NotI restriction site and introduce a desirable PspOMI restriction site in its place. 

The PspOMI and NotI restriction sites have compatible overhangs, but both restriction sites are 

destroyed when ligated together. A BglII restriction site was incorporated at the 5’- end of the 

P450 gene cassette by PCR approach using the oligonucleotide BglIImut F7518 (CATGATTAC-

GAATTCTAGATCTTCTCTGC) for convenience in cloning. Table 5 shows the cycling 

conditions for the above PCR reactions. The mutagenized P450 fragment PCR product digested 

with EcoRI/PspOMI was cloned into the EcoRI/NotI digested pUC118-P450 backbone and 

transformed into E.coli cells, creating the plasmid pUC118-P450mut (Fig. 11). Positive clones 

with mutation of the undesirable NotI restriction site, and the introduction of the desired BglII 

restriction site were confirmed using restriction analysis and sequencing.  

The P450 gene cassette from pUC118-P450mut was then digested with BamHI/BglII and 

ligated into BamHI digested pGEM-ecSUC2-BAR backbone, and transformed into E.coli cells 

by electroporation; generating pGEM-P450-ecSUC2-BAR. The desired orientation of the P450 

gene cassette (one that would recreate the BamHI restriction site between the P450 gene and 

ecSUC2) in pGEM-ecSUC2-BAR backbone was confirmed by a BamHI/SacI restriction  
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Table 5: PCR conditions for P450 gene cassette amplification with desired mutations. 
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Figure 11: Schematic representation of steps involved in creating the pUC118-P450mut plasmid. 

The undesirable NotI and introduced restriction sites PspOMI and BglII are represented in red. 

The primer binding sites are indicated as green arrows. 
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analysis.  

 

 3.9.4 Construction of pART-P450-ecSUC2-BAR 

 The plasmid pGEM-P450-FRT-ecSUC2-BAR was digested with NotI to introduce the 

P450-ecSUC2-BAR fragment into the NotI digested pART27 binary vector (Gleave, 1992), 

generating the final vector pART-P450-ecSUC2-BAR. The ligation product was transformed 

into E. coli cells by electroporation. Restriction analysis confirmed two possible orientations of 

the insert in pART27 and one representative clone for each orientation was transformed into 

Agrobacterium tumefaciens strain GV3101mp90 by electroporation. Fig. 12 shows a schematic 

representation of pART-P450-ecSUC2-BAR construction. 

 

3.10 Construction of pCAM-Gent-TSpSUC2-EASE-FLP 

The construction of pCAM-Gent-TSpSUC2-EASE-FLP harboring the tissue specific AtSUC2 

copy (TSpSUC2) and rendering the FLP gene was carried out in four steps as follows: 

(1) Construction of the synthetic fragment containing attB1 site, multiple cloning site (MCS), 

EASE (Egg Apparatus Specific Enhancer), and the CaMV 35S -45 region, and cloning 

into pCAMBIA 0390 backbone creating pCAM-EASE. 

(2)  Amplification of FLP gene encoding the FLP recombinase and cloning into pCAM-

EASE creating pCAM-EASE-FLP. 

(3) Amplification of the aacC1 gene cassette encoding gentamycin resistance and cloning 

into pCAM-EASE-FLP creating pCAM-Gent-EASE-FLP. 

(4) Introduction of the TSp-SUC2 cassette into the SbfI and EcoRI restriction sites of the 
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Figure 12: Schematic representation of construction of the first vector pART-P450-ecSUC2-

BAR.
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multiple cloning site of pCAM-Gent-EASE-FLP creating pCAM-Gent-TSpSUC2-EASE-FLP.  

 

3.10.1 Construction of pCAM-EASE 

 A synthetic fragment consisting of the attB1 gateway recombination site, a short multiple 

cloning site (SbfI, KpnI and EcoRI) and the EASE element fused to a CaMV 35S minimal 

promoter (-45 region) to provide a TATA box for transcription initiation, was constructed using 

a standard protocol (Ausubel et al., 2002) with slight modifications and using the Klenow 

fragment of E. coli (NEB). For construction of the synthetic fragment, two primer sets were 

designed: (1) attB1BglF1 (TGAATAAGATCTACAAGTTTGTACAAAAAAGCAGGCTCCT-

GCAGGTCGGT) and EASER1 (GGTTACTTTTTTTAATAACGTTATCGATATATTTGCAT-

CGTGGGAATTCGGTACCGACCTGCAGGAGC), and (2) EASEF2 (CGATAACGTTATTA-

AAAAAAGTAACCGCATGATATATTCTCTTTCGTATGATATTAAGGCCGCAAGAC) and 

35S-45NcoIR2 (GATCGCCCATGGCTCTCCAAATGAAATGAACTTCCTTATATAGAGGA-

GGGTCTTGCGGCCTTAATATC). The primers attB1BglF1 and 35S-45NcoIR2 were designed 

to create BglII and NcoI sites, respectively, at the 5’ and 3’ end of the synthetic fragment for 

cloning into the BclI/NcoI sites of pCAMBIA 0390 (CAMBIA, www.cambia.org). Fig. 13 is a 

schematic representation of the steps involved in the construction of the synthetic fragment. The 

first half of the synthetic fragment was constructed using 1 µg each of primers attB1BglF1 and 

EASER1. The second half of the synthetic fragment was constructed using 1 µg each of primers 

EASEF2 and 35S-45NcoIR2. The primer annealing reaction conditions used are listed in Table 

6.  

The annealing reaction product from each primer set was extended using Klenow 

fragment of E .coli, column purified using Wizard SV Gel and PCR clean-up kit, and 1 µl of 
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each product was used as template in a single PCR amplification with primers attB1BglF1 and 

35S-45NcoIR2, and Phusion polymerase (NEB). The PCR reaction conditions for the synthetic 

fragment amplification are listed in Table 7.  

The synthetic fragment PCR product was digested with NcoI/BglII and ligated into the 

NcoI/BclI digested pCAMBIA0390 as the vector backbone, creating the plasmid pCAM-EASE. 

The BclI and BglII sites were destroyed after ligation. The ligation product was dialysed and 

transformed into E. coli cells by electroporation. Positive clones were identified by restriction 

analysis. Sequence analysis was done to confirm the sequence of the synthetic fragment. This 

cloning step deleted the left border of pCAMBIA0390.  

 

3.10.2 Construction of pCAM-EASE-FLP  

The FLP gene cassette (~ 1.2 Kb) was amplified from HSP-FLP plasmid (Kilby et al., 

1995) using an overlap PCR approach to amplify the cDNA and remove an internal EcoRI site 

(Sambrook et al., 2001). Fig. 14 shows the primer binding sites for amplification of the FLP gene 

from HSP-FLP. Fig. 15 is a schematic representation of the overlap PCR approach. The first 

PCR amplification was done using the primer set FLPNcoIF1 and FLPmutR766, and the second 

PCR amplification was done with the primer set FLPmutF736 and FLPBamR1272, in two 

separate PCR reactions using Phusion polymerase (NEB). Table 8 shows the cycling conditions 

for the first and second PCR amplification rounds. The primers FLPNcoIF1 (AGTCTCCCATG-

GCTATGCCACAATTTGGTATATTATGTAAAACACC) and FLPBamR1272 (AGACTTGG-

ATCCTTATATGCGTCTATTTATGTAGGATGAAAGG) were designed to create 5’- NcoI and 

3’- BamHI sites in the amplified product, respectively, for cloning into the NcoI/BglII sites of 

pCAM-EASE as backbone. The primers FLPmutR766 (GGACTGGTTCAGAGTTCCTCAAA-  
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Figure 13: Schematic representation of steps involved in the synthetic fragment construction. 

attB1: Gateway recombination site; MCS: multiple cloning site comprised of restriction sites 

SbfI, PstI, KpnI, and EcoRI; EASE: Egg Apparatus-Specific Enhancer; CaMV 35Sp -45: 

Cauliflower mosaic virus constitutive 35S promoter -45 region. 
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                                        70° C for 5 minutes - Heating 

                                        70° C for 1 minute  - Annealing 

                                       -1.0° C per cycle 

                                        End 

 

Table 6: Annealing conditions used for synthetic fragment construction. 

 

 

 

 

 

 

 

 

 

 

 

   

Table 7: PCR conditions for amplification of synthetic fragment. 

                  

                                     98
o
C for 3 minutes -  Denaturation 

                                     98
o
C for 10 seconds - Denaturation 

                                     80
o
C for 30 seconds – Annealing 

                                     72
o
C for 45 seconds – Extension 

                           72
o
C for 10 minutes – Final Extension 

                                     4
o
C – Hold  

                               

35 cycles 

20 cycles 
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AATTCATC) and FLPmutF736 (GATGAATTTTTGAGGAACTCTGAACCAGTC) containing 

a 30 bp overlap region were designed to mutate an EcoRI site in the FLP gene cassette, for 

convenience in cloning. The amplification products from the first and second PCR reactions 

were column purified using the Wizard SV Gel and PCR clean-up system and used as templates 

in a final PCR amplification step. The final round of PCR amplified the entire FLP cassette with 

the modifications incorporated in the first and second PCRs, using phosphorylated primers 

FLPNcoIF1 and FLPBamR1272. The cycling conditions for the final PCR amplification are 

shown in Table 9.  5 µl of the final amplification product was resolved on a 1% agarose gel 

confirming a ~ 1.2 Kb FLP PCR product. In order to sequence analyze the FLP cassette for 

incorporation of desired modifications, the column purified FLP PCR product was digested with 

BamHI/NcoI and ligated into the BamHI/NcoI digested pADH-MCS #6 vector (B.G.Ayre; 

unpublished), generating the plasmid pADH-FLP. The ligation reaction was transformed into E    

.coli by heat shock and transformed cells were selected on LB media with 50 µg/mL ampicillin. 

Plasmid DNA was isolated and a restriction analysis with BamHI/NcoI identified positive clones 

with the BamHI and NcoI restriction sites incorporated. Sequence analysis of the FLP cassette in 

pADH-MCS #6 backbone confirmed the mutation of EcoRI restriction site and the correct 

sequence of the entire cassette, including introduction of NcoI and BamHI restriction sites for 

cloning purpose.  

The modified FLP cassette was obtained as an NcoI/BamHI fragment from the pADH-

FLP plasmid and ligated into the NcoI/BglII digested pCAM-EASE backbone, generating the 

plasmid pCAM-EASE-FLP. The ligation product was dialyzed and transformed into E. coli cells 

by electroporation. Positive clones were identified by restriction analysis.  
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Figure 14: Diagram showing the primer binding sites for FLP gene amplification and the 

resulting product after a final PCR amplification. 
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Figure 15: Schematic representation of overlap PCR approach for FLP gene amplification from 

HSP-FLP plasmid. The mutation of the undesirable EcoRI site is indicated by the filled circle. 
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Table 8: Cycling conditions for the first and second PCR amplification of FLP gene. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 9: PCR conditions for the final amplification of FLP gene. 

 

                  

                                     98
o
C for 3 minutes -  Denaturation 

                                     98
o
C for 10 seconds - Denaturation 

                                     66
o
C for 30 seconds – Annealing 

                                     72
o
C for 1 minute – Extension 

                           72
o
C for 10 minutes – Final Extension 

                                     4
o
C – Hold  

                               

                  

                                     98
o
C for 3 minutes -  Denaturation 

                                     98
o
C for 10 seconds - Denaturation 

                                     75
o
C for 30 seconds – Annealing 

                                     72
o
C for 1 minute – Extension 

                           72
o
C for 10 minutes – Final Extension 

                                     4
o
C – Hold  

                               

35 cycles 

35 cycles 
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3.10.3 Construction of pCAM-Gent-EASE-FLP 

The aacC1 gene cassette with Cauliflower mosaic virus 35S promoter (~ 1.4 Kb) was 

PCR amplified from pPZP121 (Hajdukiewicz et al., 1994) by using the primers GentLBNar (A-

GTTCTGGCGCCTGATGGGCTGCCTGTATCGAGTG) and Gent35Slox (ACTAGAGGCGC-

CATAACTTCGTATAATGTATGCTATACGAAGTTATGAAGACCAAAGGGCTATTGAGA

C), and Phusion polymerase. The GentLBNar primer was designed to create a KasI  restriction 

site followed by a T-DNA left border at the 5’ end of the cassette and the primer Gent35Slox was 

designed to create a lox site (Cre recombinase recognition site)  followed by a KasI restriction 

site at the 3’ end of the cassette. The first round of PCR amplified the desired 1.4 Kb fragment 

along with a non-specific 1.6 Kb fragment. The first round PCR product was resolved on a 1% 

gel and the 1.4 Kb band was cut out and gel purified using the Wizard SV Gel and PCR clean-up 

system (Promega). The gel purified first PCR product was then used as template in a second 

round of PCR amplification with the same primers and polymerase. The cycling conditions for 

the PCR amplifications are listed in Table 10. The second round PCR product was digested with 

KasI restriction enzyme and ligated into the KasI digested pCAM-EASE-FLP backbone. A 

positive clone with the desired orientation of the aacC1 insert was determined by restriction 

analysis and PCR with primers GentLBNar and GentR1. Sequence analysis further confirmed 

the desired orientation. Fig. 16 shows a schematic representation of the construction of pCAM-

Gent-EASE-FLP. This cloning step reintroduces the left border sequence, and in doing so, places 

all sequences necessary for plasmid replication in E. coli inside the left and right borders.  

 

3.10.4 Construction of pCAM-Gent-TSpSUC2-EASE-FLP 

 The AtSUC2 gene under control of various tissue-specific promoters (rolC, CoYMV, 
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Table 10: Cycling conditions for the first and second round of PCR amplification of the aacC1 

gene cassette.  

 

 

 

 

 

 

                  

                                     98
o
C for 3 minutes -  Denaturation 

                                     98
o
C for 10 seconds - Denaturation 

                                     72
o
C for 30 seconds – Annealing 

                                     72
o
C for 30 seconds – Extension 

                           72
o
C for 10 minutes – Final Extension 

                                     4
o
C – Hold  

                               

35 cycles 
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Figure 16: Schematic representation of construction of pCAM-Gent-EASE-FLP. The diagram 

shows amplification of aacC1gene cassette from pPZP121 plasmid and cloning into pCAM-

EASE-FLP backbone, generating pCAM-Gent-EASE-FLP.
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CmGAS1, AtSUC2) was cloned into the SbfI and EcoRI sites of plasmid pCAM-Gent-EASE  

FLP, generating the series of plasmids pCAM-Gent-TSpSUC2-EASE-FLP. The plasmids 

pGPTV-RolCpSUC2, pGPTV-CoYMVpSUC2 and pGPTV-GASpSUC2 (Srivastava, Ganesan, 

Ismail, Ayre, manuscript in preparation) were digested with restriction enzymes SbfI and EcoRI 

generating the TSpSUC2 cassettes (promoter-SUC2 cDNA-polyadenylation signal) (1) 

RolCpSUC2, (2) CoYMVpSUC2, and (3) GASpSUC2, respectively. Each of the above cassettes 

was then cloned into the SbfI/EcoRI digested pCAM-Gent-EASE-FLP as backbone, generating 

the vectors (1) pCAM-Gent-RolCpSUC2-EASE-FLP, (2) pCAM-Gent-CoYMVpSUC2-EASE-

FLP, and (3) pCAM-Gent-GASpSUC2-EASE-FLP. The plasmids were transformed into E. coli, 

plasmid DNA was isolated and positive clones were identified by restriction analysis.  

The vector pCAM-Gent-SUC2pSUC2-EASE-FLP with the AtSUC2 gene under the 

control of its native promoter (SUC2p) was generated by digesting the plasmid pGPTV-

SUC2pSUC2 with restriction enzymes SbfI and KpnI to obtain the SUC2p fragment. The SUC2p 

was then cloned into the SbfI and KpnI digested pCAM-Gent-RolCpSUC2-EASE-FLP as 

backbone, replacing the rolCp. The vector was transformed into E. coli, plasmid DNA was 

isolated and positive clones were identified by restriction analysis.The plasmids pCAM-Gent-

RolCpSUC2-EASE-FLP, pCAM-Gent-CoYMVpSUC2-EASE-FLP, pCAM-Gent-GASpSUC2-

EASE-FLP and pCAM-Gent-SUC2pSUC2-EASE-FLP were then transformed into 

Agrobacterium tumefaciens strain GV3101mp90 by electroporation. 

 

3.11 Plant Transformation 

Plant transformation was performed by the floral-dip method (Clough and Bent, 1998). 

Arabidopsis thaliana plants were grown in 3.5 inch square pots, in a plant growth chamber under 
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14-h white light / 10-h dark at 21° C. Plants of SALK_038124 line were genotyped and plants 

wild-type (AtSUC2/AtSUC2), heterozygous (AtSUC2/Atsuc2), and homozygous (Atsuc2/Atsuc2)   

for the AtSUC2 T-DNA insertion mutation were identified (section 3.6). The first inflorescences 

were clipped and plants continued to grow until axillary inflorescences 2-4 cm in height were 

visible. The egg cells in the flowers were then transformed by inverting the pot and dipping the 

inflorescences into the Agrobacterium tumefaciens suspension. The inflorescences were then 

washed by spraying with water and the pots were placed under a 100% humidity chamber for 24 

hours and were transferred to the growth chamber and grown to maturation. Seeds were collected 

roughly 4 weeks after transformation.  

 

3.12 Seed Collection and Storage 

Seeds from mature plants were harvested and stored according to standard protocol 

(Weigel and Glazebrook, 2002) with slight modifications. Seeds were released mechanically 

from dry siliques, passed through a sieve and collected into microcentrifuge tubes. The lid of the 

microcentrifuge tube was perforated with a needle. The seed containing tubes were placed in a 

desiccator at room temperature for 7 days and then moved into a -80
°
C freezer for 3 days to kill 

any insect eggs. After 3 days, seeds were removed from the freezer and immediately transferred 

back to a dessicator for 1 day. The dry seeds were then stored at room temperature in a seed box 

with desiccant for long-term storage. 

 

3.13 Selection of pART-P450-ecSUC2-BAR Transformed Arabidopsis Seeds 

 Seeds collected from heterozygous plants (AtSUC2/Atsuc2) transformed with the first 

vector pART-P450-ecSUC2-BAR were surface sterilized with chlorine gas for 6 hours. 30 ml of 
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bleach was taken in a beaker and placed inside a bell jar. 2 ml of concentrated HCl was then 

added to the bleach beaker, generating chlorine vapors. The open eppendorf tubes containing the 

seeds were immediately placed inside the bell jar and covered with a lid. The seeds were held in 

chlorine vapor for 6 hours. Sterilized seeds were spread on 1% MS growth medium with 100 

µg/mL kanamycin (~500 seeds per plate) and placed at 4° C in a cold room for 3 days for 

stratification. The seeds were then grown under illumination at room temperature. Transgenic 

seedlings resistant to the antibiotic kanamycin were then transferred to soil, covered with plastic 

wrap and transferred to a growth chamber under 14 h light / 10 h dark at 21° C. After 2 days, 

slits were made in the plastic wrap cover to harden off the seedlings and after 2 days the plastic 

wrap was removed, exposing the seedlings to the ambient environment. 

 

3.14 Growth Analysis of Atsuc2/Atsuc2 Homozygous Plants Complemented with ecSUC2 

 T1 seedlings (transformed generation 1) harboring the pART-P450-ecSUC2-BAR (as 

determined by resistance to kanamycin) were genotyped for zygosity at the AtSUC2 endogenous 

locus (section 3.6). T2 Seeds were collected from T1 plants that were homozygous for the T-

DNA mutation in the endogenous AtSUC2. The seeds of four independent transformed lines, SG 

22-6, SG 22-7, SG 32-22, and SG 32-23, were put out on potting mix and grown under 14 h light 

/ 10 h dark at 21° C. The SALK_038124 and Columbia-O ecotype seeds were put out as growth 

controls, and grown under same conditions. 21 d after germination, rosettes of plants from 

independent lines were photographed and the total rosette area was determined using the ImageJ 

software (Rasband, 1997). The values obtained were compared with the total rosette area of 

control plants. 
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3.15 Testing Glufosinate Ammonium Sensitivity in Independent Lines Harboring the pART-

P450-ecSUC2-BAR T-DNA 

  Seeds of the four independent transgenic lines SG 22-6, SG 22-7, SG 32-22, and SG 32-

23; the control lines SALK_038124, and Columbia-O ecotype, were put out on potting mix in 

3.5 inch square pots. The seeds were stratified in a cold room at 4 ° C for 3 days and then grown 

under 14 h light / 10 h dark at 21° C. Several days after germination, the seedlings were sprayed 

with 50 mg/L glufosinate ammonium for 10 consecutive days, and sensitivity of seedlings to 

glufosinate ammonium was visually scored.  

  

3.16 Selection of Arabidopsis Seedlings Carrying the T-DNA of the Second Vector pCAM-

Gent-TSpSUC2-EASE-FLP 

Plants of the independent line SG 22-7, harboring the T-DNA of the first vector pART-

P450-ecSUC2-BAR and homozygous (Atsuc2/Atsuc2) for the T-DNA mutation in the 

endogenous AtSUC2, were transformed with the T-DNA of the second vector series pCAM-

Gent-TSpSUC2-EASE-FLP and seeds were collected from the transformed plants. Seeds were 

surface sterilized with chlorine bleach for 2 hours (section 3.13) and sterilized seeds were put out 

on 1% MS growth medium with 100 µg/mL gentamycin. MS plates containing seeds were 

placed in a cold room at 4° C for 3 days for stratification. The plates were then moved to a 

growth chamber and grown under illumination at room temperature. 

 

3.17 Selection of Seedlings Positive for Excision  

Seeds (T1 generation) from transgenic homozygous plants carrying the first vector and 

transformed with the second vector were sown on soil and grown under 14-h white light / 10-h 
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dark at 21° C. The seedlings were treated with a solution containing 50 mg/L glufosinate 

ammonium or 100 µg/L R7402, 5 days after germination. Spraying treatment was repeated every 

other day, for a total of 10 days with glufosinate ammonium and for a total of 5 days with R7402 

pro-herbicide and allowed for selection to be clearly visible.  

   

3.18 Molecular Analysis of Excision  

The analysis for excision in transgenic seedlings at a molecular level was done by 

touchdown PCR using the primer set 35SpFwd; SUC2FRTF1; and Bar3-FRTRev in a single 

PCR reaction, and ExTaq DNA Polymerase (TaKaRa, Japan). The primers 35SpFwd (CTCGG-

ATTCCATTGCCCAGCTAT) and Bar3-FRTRev (GTCCACTCCTGCGGTTCCTGCG) were 

designed outside the FRT sites of pART-P450-ecSUC2-BAR vector, whereas SUC2-FRT F1 

(GCAACCGCAACCGCAGCCTCTA) is in the excisable and complementing AtSUC2 cDNA 

(ecSUC2). The primers 35SpFwd and Bar3-FRTRev were designed to give a PCR product of 

600-bp, if the DNA cassette between the FRT sites is excised by FLP-mediated recombination, 

and primer pair SUC2-FRT F1 and Bar3-FRTRev were designed to give a PCR product of 1089-

bp if the DNA cassette between the FRT sites of the first vector is not excised by FLP-mediated 

recombination. The PCR cycling conditions optimized for the molecular analysis are listed in 

Table 11. 
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Table 11: Cycling conditions for molecular analysis of excision by PCR. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                     94
o
C for 4 minutes - Denaturation 

                                     94
o
C for 15 seconds - Denaturation 

                                     72
o
C for 15 seconds – Annealing 

                                      -1.0
o 

C per cycle 

                                     72
o
C for 1 minute – Polymerization 

                                     94
o
C for 15 seconds - Denaturation 

                                     68
o
C for 15 seconds – Annealing 

                                     72
o
C for 1 minute – Extension 

                             72
o
C for 10 minutes – Final Extension 

                                     4
o
C – Hold  

4 cycles 

30 cycles 
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CHAPTER 4 

 

 

RESULTS 

 

 

4.1 Identification of Heterozygous (AtSUC2/Atsuc2) and Homozygous (Atsuc2/Atsuc2) Plants 

 A T-DNA insertional mutation in the AtSUC2 sucrose-proton symporter of Arabidopsis 

thaliana was initially sought.  Three potential candidates were identified in the pools created by 

Joseph Ecker and colleagues (Alonso et al., 2003), and are available through the Arabidopsis 

Biological Resource Center (ABRC, Columbus, OH). The SALK_087046 line has a T-DNA 

insert in the first exon of the AtSUC2 gene, in the SALK_038124 line the T-DNA insert is in the 

second intron of the gene and in the SALK_01331 line the T-DNA insert is in the 3’- 

untranslated region (UTR) of the AtSUC2 gene (Fig. 17).  

 Plants heterozygous (AtSUC2/Atsuc2) and homozygous (Atsuc2/Atsuc2) for the AtSUC2 

T-DNA insertion mutation were identified in the SALK_038124 line by PCR genotyping with 

two gene specific primers (PR1F and PR1R) and one T-DNA insertion specific primer (LB-

SALK), in one PCR reaction. Fig. 18 shows the genotyping results obtained for a heterozygous 

(800 bp and 450 bp PCR product) and a homozygous (only 450 bp PCR product) plant. 

Phenotypically the heterozygous plants resemble the wild type in appearance, flower set and seed 

production. The homozygous plants are stunted in growth with anthocyanin accumulation in the 

mature leaves, and do not grow to set flowers and seeds (Fig. 19). Seeds from a single 

heterozygous AtSUC2/Atsuc2 plant were harvested as a stock for all future experiments. 

 

 



 

 55 

 

 

 

 

 

 

           

 

 

Figure 17: Positions of T-DNA insertion in the AtSUC2 genome. Orange bars - exons, white bars 

– introns, yellow line – 5’ UTR, 3’ UTR. 

 

AtSUC2 genomic DNA 

T-DNA T-DNA T-DNA 
SALK_087046 SALK_038124 SALK_01331 
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                         (a)                                                          (b) 

                                                                          

 

Figure 18: Genotyping results of the SALK_038124 using PCR. (a) Lane 1: lambda DNA ladder 

and Lane 2: 800 bp WT and 450 bp mutant bands confirming the heterozygous genotype. (b) 

Lane 1: A single 450 bp mutant band confirms the homozygous genotype and Lane 2: Lambda 

DNA ladder.  
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Figure 19: Phenotype of the homozygous (Hm) plants in comparison to the heterozygous (Ht) 

and wild type (WT). The homozygous plants show stunted growth. Arrows indicate anthocyanin 

accumulation in the leaves of homozygous plants. 
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4.2 Construction of the First Vector pART-P450-ecSUC2-BAR 

 Construction of the vector pART-P450- ecSUC2-BAR harboring the 

complementing and excisable cDNA copy of AtSUC2 was carried out in four steps: (1) 

Construction of the plasmid pFLP-SWITCH-BAR, (2) Cloning the NotI fragment of pFLP-

SWITCH-BAR into pGEM T-easy and construction of pGEM-ecSUC2-BAR, (3) 

Construction of pGEM-P450-FRT-ecSUC2-BAR, and (4) Construction of pART-P450-

ecSUC2-BAR. 

  

4.2.1 Construction of pFLP-SWITCH-BAR 

 The first step involved PCR amplification of the Bar gene with mutation of an 

inconvenient KpnI site and subconing into the pFLP-SWITCH vector to produce the plasmid 

pFLP-SWITCH-BAR. Fig. 20a shows the 600 bp Bar gene PCR product from the first PCR 

using primers BarKpn3 and BarHind5, from template pGPTV-BAR. Fig. 20b shows the 

amplified second PCR product using primers BarKpnmut3 and BarKpnmut5, which were 

designed to mutate the undesirable KpnI restriction site. Fig. 20c shows the third PCR 

product, which is the final amplification of the KpnI mutated Bar gene using primers 

BARKpn3 and BARHind5. 

The mutation of an undesirable KpnI restriction site in the Bar gene and its subsequent 

cloning into the pFLP-SWITCH backbone was analysed by performing a restriction digestion 

using the restriction endonucleases HindIII and KpnI (Fig. 21a). The desired fragment sizes from 

the restriction digest (a 0.6 kb of Bar gene and ~13.0 kb of pFLP-SWITCH backbone) were 

obtained, confirming the mutated Bar gene cloning. The mutation of the KpnI restriction site was 

also confirmed by sequencing. Fig. 21b shows the sequencing result where the KpnI restriction  
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           (a)                                                      (b)                                              (c) 

                                                                          

 

Figure 20: Ethidium bromide-stained agarose gel showing Bar gene PCR products. (a) First 

round PCR amplification using primers BARkpn3 and BARHind5 designed to amplify a 600 bp 

Bar gene from pGPTV-BAR. (b) Second round of mutagenic PCR using primers BAR-Kpnmut5 

and BAR-Kpnmut3 to mutate an internal KpnI site. (c) Final round of PCR using primers 

BARKpn3 and BARHind5 and second round PCR product as template. Lane 1 shows the 600 bp 

Bar gene PCR product and lane 2 shows the the Lambda DNA ladder in (a), (b) and (c). 

0.6 kb 0.6 kb 

0.6 kb 

    1               2           1          2 1         2 
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    (b) 

 

 

Figure 21:  Bar gene cloning and sequence analysis. (a) Ethidium bromide-stained agarose gel 

showing in Lane 1: Lambda DNA ladder and Lane 2: products of HindIII/KpnI restriction 

digestion, a 0.6 kb Bar fragment and ~13.0 kb pFLP-SWITCH backbone. (b) Sequencing data 

showing the mutated KpnI restriction site in the Bar gene. 

KpnI mutated 

(a) 

13.0 kb 

0.6 kb 

 

          1          2 
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site is mutated to being a GGTTCC from GGTACC. 

 

4.2.2 Cloning the NotI Fragment of pFLP-SWITCH-BAR into pGEM T-easy and Construction 

of pGEM-ecSUC2-BAR 

 The pFLP-SWITCH vector backbone had an undesirable SacI restriction site and so the 

NotI fragment from pFLP-SWICTH-BAR was cloned into the pGEM T-easy vector. Before this 

cloning step, an undesirable SacI restriction site in the pGEM T-easy plasmid was mutated by a 

blunt-end ligation approach. The pFLP-SWITCH-BAR plasmid and pGEM T-easy (SacI 

mutated) were digested with the NotI restriction enzyme. The desired fragment sizes of 3.0 kb 

for pGEM T-easy and two bands, (5.0 kb and 3.0 kb) for pFLP-SWITCH-BAR were obtained 

(data not shown). The 5.0 kb band of pFLP-SWITCH-BAR was gel purified and ligated into the 

pGEM T-easy NotI digested backbone, generating pGEM-BAR. A desired fragment size of 8.0 

kb (5.0 kb of pFLP-SWITCH-BAR and 3.0kb of pGEM T-easy) from the restriction digest with 

HindIII confirmed the positive clones.  

 The 3.7 kb SUC2pSUC2 cassette was obtained as a SacI/BamHI fragment from pGEM-

SUC2pSUC2 and cloned into the SacI/BamHI digested pGEM-BAR backbone, generating the 

plasmid pGEM-ecSUC2-BAR. Positive clones were identified by a KpnI restriction analysis 

(data not shown). 

 

4.2.3 Construction of pGEM-P450-FRT-ecSUC2-BAR 

 The third step in the construction of the vector pART-P450-ecSUC2-BAR involved the 

construction of the plasmid pGEM-P450-ecSUC2-BAR by amplification and cloning of the 

P450 gene cassette into pGEM-ecSUC2-BAR plasmid. An inconvenient NotI site in the P450  
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cassette was mutated and a convenient PspOMI site introduced in its place by PCR. Also, a BglII 

site was introduced at the 5’-end by PCR for convenience in cloning.  

The mutation of an undesirable NotI restriction site in the P450 gene cassette was 

analyzed by restriction digestion with the restriction endonucleases EcoRI and NotI (Fig. 22a). A 

desired linear fragment of 7.5 kb was obtained, thus confirming the mutation. Fig. 22b shows the 

alignment result of the pUC118-P450 sequence with the pUC118-P450mut sequence using the 

VectorNTI software (Invitrogen, www.invitrogen.com), which also confirmed the mutation of 

the NotI restriction site from GGCGGCCGC to GGGGGCCGC.  

The successful introduction of a BglII and PspOMI restriction sites in the P450 gene 

cassette was analyzed by doing a BglII/PspOMI restriction digest. Fig. 23a shows the desired 

linear 7.5 kb fragment (plasmid being digested only with BglII as PspOMI site lost after ligation) 

obtained after restriction digestion. The presence of the BglII restriction site in the pUC118-

P450mut plasmid was also confirmed by sequence analysis (Fig. 23b).   

The plasmid pUC118-P450mut was digested with BamHI/BglII and ligated into the 

BamHI digested pGEM-ecSUC2-BAR plasmid, generating pGEM-P450-ecSUC2-BAR.  

 

4.2.4 Construction of pART-P450-ecSUC2-BAR 

 The plasmid pGEM-P450-ecSUC2-BAR was digested with NotI and cloned into the NotI 

digested pART27 vector backbone, generating the final plasmid pART-P450-ecSUC2-BAR.  

 

4.3 Construction of the Second Vector pCAM-Gent-TSpSUC2-EASE-FLP 

 The second vector pCAM-Gent-TSpSUC2-EASE-FLP was constructed in four steps as 

follows: (1) Construction of pCAM-EASE, (2) Construction of pCAM-EASE-FLP by cloning 
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  (a) 

                 

 

(b)           

 

 

 

Figure 22: P450 cassette restriction and sequence analysis. (a) Ethidium bromide-stained agarose 

gel showing Lambda DNA ladder in lane 1 and the 7.5 kb EcoRI/NotI restriction fragment of 

pUC118-P450mut in lane 2. (b) Alignment of the pUC118-P450 sequence (top sequence: P450 

F2311) with the pUC118-P450mut sequence (bottom sequence: P450mut F2311). The boxed 

area represents the NotI restriction site sequence. The yellow highlighted region indicates 

homology between the two sequences and white highlight indicates the single-base mutation in 

the NotI site between the two sequences. 

105 194110 120 130 140 150 160 170 180(105)

TGGAGGAACTGCTCCGCTACCTCGCCATCGCCGACATCGCGGGCGGCCGCGTCGCCACGGCGGACATCGAGGTCGAGGGGCAGCTCATCCP450 F2311(sequenced) (103)

TGGAGGAACTGCTCCGCTACCTCGCCATCGCCGACATCGCGGGGGGCCGCGTCGCCACGGCGGACATCGAGGTCGAGGGGCAGCTCATCCP450mut F2311 (sequenced) (105)

TGGAGGAACTGCTCCGCTACCTCGCCATCGCCGACATCGCGGG GGCCGCGTCGCCACGGCGGACATCGAGGTCGAGGGGCAGCTCATCCConsensus (105)

   1        2 

7.5 kb 

NotI  
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(a) 

                   

(b) 

 

 

 

Figure 23: P450 cassette restriction and sequence analysis. (a) Ethidium bromide-stained agarose 

gel showing Lambda DNA ladder in lane 1 and the 7.5 kb BglII/PspOMI restriction fragment of 

pUC118-P450mut in lane 2. (b) Sequence analysis data of pUC118-P450mut plasmid showing 

introduction of the BglII restriction site. 

BglII EcoRI 

     

    1       2 

7.5 kb 
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the FLP gene into pCAM-EASE, (3) Construction of pCAM-Gent-EASE-FLP by cloning the 

aacC1 cassette into pCAM-EASE-FLP, and (4) Cloning the various TSpSUC2 cassettes into 

pCAM-Gent-EASE-FLP backbone. 

 

4.3.1 Construction of the pCAM-EASE Plasmid 

 The synthetic fragment was constructed using two primer sets, (1) attB1BglF1 and 

EASER1, and (2) EASEF2 and 35S-45NcoIR2. The primers were first annealed and extended 

using Klenow. The products from the Klenow extension of each primer set were used as 

templates in a PCR reaction, to construct the synthetic fragment. The desired ~ 250 bp PCR 

product was obtained (Fig. 24). The PCR generated synthetic fragment comprising of the attB1, 

multiple cloning site (MCS), EASE element, and CaMV 35Sp -45 region, was digested with 

NcoI/BglII and cloned into the NcoI/BclI hdigested pCAMBIA0390 vector backbone, generating 

the plasmid pCAM-EASE. The synthetic fragment was sequenced after cloning it into 

pCAMBIA0390, to confirm correct sequence of the components.  

 

4.3.2 Amplification of FLP Gene from HSP-FLP Plasmid and Construction of pCAM-EASE-

FLP 

The FLP gene was amplified from the HSP-FLP plasmid (Kilby et al., 1995) with 

mutation of an undesirable EcoRI site by using an overlap PCR approach (Sambrook et al., 

2001). Fig. 25a shows the products of PCR 1 and PCR 2 in the overlap approach and Fig. 25b 

shows the final amplified ~ 1.3 kb FLP PCR product. 

 The mutation of the EcoRI site in the FLP gene cassette by overlap PCR approach was 

confirmed by sequence analysis after cloning the FLP gene into pADH MCS #6 as vector  
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Figure 24: Syntheic fragment construction. Ethidium bromide stained agarose gel showing in, 

lanes 1 and 2: Annealed and extended reaction product using first primer set attB1BglF1 and 

EASER1, and second primer set EASEF2 and 35S-45NcoIR2; respectively, lane 3: Expected ~ 

250 bp PCR product using annealed reaction products as template, and primers attB1BglF1 and 

35S-45NcoIR2, and lane 4: Lambda DNA ladder. 

1           2            3           4      

~ 250 bp 
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backbone. Fig. 26 displays a portion of the sequencing data showing a single base mutation of 

the EcoRI restriction sequence (GAATTC � GAACTC). The mutation of the EcoRI site did not 

alter the amino acid sequence. Sequence analysis also confirmed introduction of the NcoI and 

BamHI restriction sites at the 5’-end and 3’-end, respectively. The FLP cassette was obtained as 

a NcoI/BamHI insert from pADH-FLP and cloned into the NcoI/BglII digested pCAM-EASE 

backbone, generating pCAM-EASE-FLP.  

 

4.3.3 Construction of pCAM-Gent-EASE-FLP by Cloning the aacC1 Cassette into pCAM-

EASE-FLP 

 The aacC1 gene cassette conferring resistance to the antibiotic gentamycin in transgenic 

plants was amplified from pPZP121 (Hajdukiewicz et al., 1994) using designed primers 

GentLBNar and Gent35Slox. Fig. 27a shows the products of the first PCR amplification, a non-

specific 1.6 Kb fragment and the desired 1.4 Kb fragment. Fig. 27b shows the product of the 

second PCR where the desired 1.4 Kb fragment was amplified using the 1.4 Kb fragment from 

the first PCR as template. The PCR product was digested with KasI and cloned into the KasI 

digested pCAM-EASE-FLP backbone, generating the plasmid pCAM-Gent-EASE-FLP.  

 

4.4 Generation and Characterization of Transgenic Arabidopsis Plants Transformed with the 

First Vector pART-P450-ecSUC2-BAR  

 The T-DNA region of plasmid pART-P450-ecSUC2-BAR was transferred to 

heterozygous (AtSUC2/Atsuc2) Arabidopsis plants by a standard Agrobacterium tumefaciens 

transformation technique. Transformed Arabidopsis seedlings carrying the P450-ecSUC2-BAR 

T-DNA were selected on 1% MS media containing the antibiotic kanamycin and resistant 
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             (a)                                                              (b) 

                                                            

                                                

 

Figure 25: PCR products of FLP gene amplification. Ethidium bromide-stained agarose gel 

showing (a) Lane 1: Lambda DNA ladder, lane 2:  Product of first PCR amplification using 

HSP-FLP plasmid DNA as template and designed primers FLPNcoIF1 and FLPmutR766, and 

lane 3: Product of second PCR amplification using HSP-FLP plasmid and primers FLPmutF736 

and FLPBamR1272. (b) Lane 1: Lambda DNA ladder, and lane 2: ~ 1.3 kb PCR product 

obtained from final round of PCR amplification using first and second round PCR products as 

templates, and primers FLPNcoIF1 and FLPBamR1272.

     1          2          3           1               2           

1.3 kb 
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Figure 26: Sequence analysis data showing mutation of the EcoRI site in the FLP gene cassette. 

EcoRI mutated 
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(a)                                                                (b)    

                                                           

 

Figure 27: PCR amplification of aacC1 gene cassette. (a) First round PCR amplification using 

primers GentLBNar and Gent35Slox designed to amplify a 1.4 kb PCR product. Lane 1: 

pPZP121 plasmid DNA used as template, lane 2: Negative control with no DNA template, lane 

3: Lambda DNA ladder. (b) Second round PCR amplification using primers GentLBNar and 

Gent35Slox. Lane 1: Lambda DNA ladder, lane 2: Gel purified 1.4 kb product from first PCR 

round used as template. The expected 1.4 kb PCR product was obtained in both rounds of PCR.  

1.6 Kb 

1.4 Kb 

     1            2          3                1                2                

1.4 Kb 
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seedlings were transferred to soil. The seedlings were grown under 14-h white light / 10-h dark 

at 21° C and the segregating population was genotyped for plants homozygous for a T-DNA 

insertion (knockout plants; KO) at the endogenous AtSUC2 locus. The homozygous KO plants 

were effectively complemented by the ecSUC2 cDNA. Fig. 28 shows a T1 generation transgenic 

(harboring ecSUC2 cDNA) homozygous (Atsuc2/Atsuc2) plant phenotypically resembling a T1 

generation transgenic heterozygous (AtSUC2/Atsuc2) plant. The transgenic homozygous KO 

plants had normal growth habit, showed no anthocyanin accumulation in their mature leaves, and 

also had wild-type levels of flowers and seeds. These homozygous KO plants were grown until 

maturity and seeds (T2 generation) were harvested. Fig. 29 shows the T2 generation transgenic 

homozygous plants in comparison to heterozygous and wild-type plants.  

 

4.5 Quantitative Growth Analysis  

The total rosette area of four independent transgenic lines SG 22-7, SG 22-6, SG 32-22, 

and SG 32-23 harboring the P450-ecSUC2-BAR T-DNA was measured using ImageJ software. 

The values obtained were compared with the total rosette area of SALK_038124 heterozygous 

and homozygous plants, and Columbia-O ecotype wild-type plants (Fig. 30). All four 

independent lines had a rosette area greater than the SALK_038124 homozygous knockout 

plants, which further shows effective complementation of homozygous plants with the ecSUC2 

cassette. However, growth in each line was less than wild-type and heterozygotes, indicating 

less-than-perfect complementation. The total rosette area of the primary transformed independent 

line SG 22-7 was the greatest among all other independent lines and was comparable to that of 

the SALK_038124 heterozygous plants.  
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                    Homozygous (Atsuc2/Atsuc2)                 Heterozygous (AtSUC2/Atsuc2) 

 

Figure 28: Phenotypic comparison of transgenic plants. Shown is a T1 generation homozygous 

plant carrying the ecSUC2 construct with a T1 generation heterozygous plant, transferred to soil 

after selection on 1% MS media with kanamycin. 
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 (a)                                                                               (b)  

                   

 

     (c) 

 

Figure 29: Phenotypic comparison of the transgenic homozygous plants (T2 generation) with 

control plants. (a) Independent line SG 22-7, (b) SALK_038124 heterozygous plants, and (c) 

Columbia-0 ecotype wild-type plants. 
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Figure 30: Quantitative growth analysis of transgenic plants. Comparison of total rosette area of 

plants from four independent transformed lines with SALK_038124 heterozygous and 

homozygous plants, and Columbia-O ecotype wild-type plants. n = 3 – 11; where ‘n’ is the 

number of plants used for rosette area measurement. WT-Col (n= 4), SALK_038124 

heterozygous (n=3), SALK_038124 homozygous (n=3), SG 22-7 (n=8), SG 22-6 (n=8), SG 32-

22 (n=11), and SG 32-23 (n=7). 
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 4.6 Analysis of the Bar Gene as an Effective, Conditional Selection Marker in the P450-

ecSUC2-BAR T-DNA 

 The expression of the Bar gene from the P450-ecSUC2-BAR T-DNA is blocked by the 

P450-ecSUC2 DNA cassette in between the FRT sites. In order to test the effectiveness of the 

DNA cassette in blocking Bar gene expression, the independent lines harboring the P450-

ecSUC2-BAR T-DNA and showing complementation of homozygous knockout plants were  

treated with the herbicide glufosinate ammonium (50 mg/L). The SALK_038124 line and 

Columbia-O ecotype wild-type plants were used as glufosinate ammonium sensitive controls.  

Fig. 31 shows the glufosinate ammonium treated seedlings. The independent line SG 22-7 was as 

sensitive to the glufosinate ammonium treatment as the controls, whereas the other three 

independent lines tested were partially resistant to the herbicide. Increasing herbicide 

concentration to 100 mg/L overcame this partial resistance (data not shown).  

 

4.7 Generation and Selection of Seedlings Harboring the T-DNA from pCAM-Gent-TSpSUC2-

EASE-FLP and Test for Excision 

 T2 generation seeds from plants homozygous for a T-DNA mutation in the endogenous 

AtSUC2 locus and also carrying the T-DNA from pART-P450-ecSUC2-BAR were sown on soil, 

and grown under 14-h light / 10-h dark at 21° C. The T-DNA region of the second vector 

pCAM-Gent-TSpSUC2-EASE-FLP harboring the AtSUC2 cDNA under different tissue-specific 

promoters was transferred to transgenic (ecSUC2) homozygous knockout plants by the floral-dip 

method and seeds were collected. The seeds were put out on soil and also on 1% MS media 

containing the antibiotic gentamycin (100 mg/L) in order to establish seedlings harboring the T-

DNA of the second vector. The seedlings on soil were treated with either 100 mg/L glufosinate  
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(a)                                                 (b)                                            (c) 

          

 (d) (e) (f) 

       

 

Figure 31:  Independent lines treated with 50 mg/L glufosinate ammonium. (a) SG 22-6; (b) SG 

22-7; (c) SG 32-22; (d) SG 32-23; (e) SALK_038124; and (f) Columbia-O ecotype wild-type. 

Seedlings were sprayed with glufosinate ammonium for 10 d, 2 weeks after germination. 
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ammonium or 100 µg/L R7402 pro-herbicide few days after germination. If the FLP gene is 

effectively expressed in the zygote from the Egg-Apparatus Specific Enhancer, FLP recombinase 

should bring about excision of the P450-ecSUC2 DNA cassette in between the FRT sites of the 

pART-P450-ecSUC2-BAR T-DNA. In this case, seedlings that harbor the T-DNA of the second 

vector and have undergone excision will be resistant to both glufosinate ammonium and R7402. 

On the other hand, in seedlings with no FLP gene expression or ineffective excision, the DNA 

cassette between the FRT sites of the pART-P450-ecSUC2-Bar T-DNA will not be excised and 

thus will be sensitive to both glufosinate ammonium and R7402.  

Fig. 32 shows the glufosinate ammonium (100 mg/L) treatment on first-generation 

progeny of the secondary transformant line SG22-7-CoYMV-01 (pCAM-Gent-CoYMVpSUC2-

EASE-FLP) in comparison to glufosinate ammonium sensitive control lines SALK_038124 and 

Columbia-O ecotype, and glufosinate ammonium resistant control lines JR111, Kd672 and 

WT1351 (Ayre and Srivastava, unpublished). Fig. 33 shows R7402 (100 µg/L) pro-herbicide 

treatment on first-generation progeny of the secondary transformant lines SG22-7-CoYMV-01, 

SG22-7-RolC-03, SG22-7-GAS-04, SG22-7-Empty-05, SG22-7-SUC2-06 with the AtSUC2 

under control of different tissue-specific promoters in comparison to the R7402 resistant  

controls SGSALK-SUC2-07, SALK_038124 and Columbia-O ecotype wild-type, and R7402 

sensitive parent primary transformant line SG 22-7. The SG22-7-Empty-05 is a secondary 

transformant line of the SG22-7 parent line transformed with an empty second vector with no 

AtSUC2 cDNA expression from a tissue-specific promoter (pCAM-Gent-EASE-FLP). The 

SGSALK-SUC2-07 line is a primary transformant line of the SALK_038124 heterozygous 

plants floral-dipped with only the second vector pCAM-Gent-SUC2pSUC2-EASE-FLP and 

therefore R7402 resistant. It was observed that the T1 generation seedlings of all the putative 
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secondary transformant lines were sensitive to treatment with glufosinate ammonium (100 mg/L) 

as well as R7402 (100 µg/L). This could be because they either did not carry the T-DNA of the 

second vector pCAM-Gent-TSpSUC2-EASE-FLP as would be the case if transformation 

efficiency was very low or the DNA cassette between the FRT sites of the first vector in these 

seedlings did not get excised, thus making them sensitive to both glufosinate ammonium and 

R7402. Thus far, no putative transgenics have been obtained with glufosinate ammonium and 

R7402 treatments for any of the secondary transformant lines.  

 A single, putatively resistant seedling was obtained from the seeds put out on 1% MS 

media with gentamycin selection. The putative transgenic seedling was transferred to soil and 

analyzed for excision using PCR. The primers 35SpFwd and Bar3-FRTRev were designed to 

give a band of 600 bp indicative of excision of the DNA cassette between the FRT sites of the 

first vector, whereas the primers SUC2FRTFwd and Bar3-FRTRev were designed to give a band 

of size 1089 bp indicative of no excision. The PCR analysis with the designed primers gave a 

1089 bp product, which indicated that no excision had taken place (Fig. 34a). The seedling was 

also analyzed for presence of the gentamycin gene with PCR using designed primers Gent35Slox 

and GentLBNar (Fig. 34b). The putative transgenic seedling did not give the expected 1.4 kb size 

band. The PCR analysis with the gentamycin primers confirmed that the seedling did not harbor 

the T-DNA of the second vector and hence there was no excision of the DNA cassette between 

the FRT sites of the first vector. The above putative seedling was also treated with glufosinate 

ammonium (100 mg/L) for 5 consecutive days and it was observed that the seedling was 

sensitive to the treatment. This suggests non-expression of the Bar gene from the 35S promoter 

due to absence of the T-DNA of the second vector and hence non-excision of the DNA cassette 
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in between the FRT sites. These results suggest that the gentamycin selection needs to be more 

stringent.  
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(a)                                                 (b)  (c) 

           

(d) (e) (f) 

          

                                                                           

Figure 32: Arabidopsis seedlings treated with 100 mg/L glufosinate ammonium. (a) SG 22-7-

CoYMV- 01, (b) SALK_038124, (c) Columbia-O ecotype wild-type, (d) JR 111, (e) Kd 672, and 

(f) WT 1351. 
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(a) (b) (c) 

 

(d) (e) (f) 

 

(g) (h) (i) 

 

 

Figure 33: Arabidopsis seedlings treated with 100 µg/L R7402. (a) SG22-7-CoYMV-01, (b) 

SG22-7-RolC- 03, (c) SG22-7-GAS- 04, (d) SG22-7-Empty- 05, (e) SG22-7-SUC2- 06, (f)  
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SGSALK-SUC2-07, (g) SALK_038124, (h) Columbia-O ecotype wild-type, and (i) SG 22-7 

parent. Treatment with R7402 done for 5 d, 2 weeks after germination. 
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                        (a)                                                          (b) 

                                           

 

Figure 34: PCR analysis of excision event and second vector T-DNA in putative transgenic. (a) 

PCR analysis of excision event; Lane 1: Lambda DNA ladder, lane 2: DNA isolated from 

putative resistant transgenic was subjected to PCR analysis. Primers 35SpFwd, SUC2FRTFwd, 

and Bar3-FRTRev were designed to amplify either a 600 bp product indicative of FLP-mediated 

excision or a 1089 bp product indicative of no FLP-mediated excision. A PCR product of 1089 

bp was obtained, indicating no excision. (b) PCR analysis of presence of second vector T-DNA. 

Lane 1: Lambda DNA ladder. DNA isolated from putative transgenic (lane 2), no DNA negative 

control (lane 3), and pPZP121 plasmid DNA used as positive control (lane 4) were subjected to 

PCR analysis with primers Gent35Slox and GentLBNar, designed to amplify a 1.4 kb 

gentamycin cassette. Absence of 1.4 kb PCR product in lane 2 indicates absence of gentamycin 

cassette and second vector T-DNA.  

1        2            1     2      3      4 

1089 bp 1.4 kb 
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CHAPTER 5 

 

 

DISCUSSION 

 

 

 Complementation assays and screening tools are an essential aspect of genetic studies, 

and aid in the identification and characterization of gene function. In Arabidopsis thaliana, the 

complementing transgene is usually introduced by the floral dip procedure (Clough and Bent, 

1998), which requires healthy, robust plants with high fecundity. In cases where the homozygous 

mutation of a gene results in lethality or highly compromised growth habit, the complementing 

transgene has to be introduced to healthy heterozygous plants and homozygous knockouts 

identified among the segregating progeny. However, when a large number of complementing 

constructs are to be analyzed, screening for the homozygous plants in the segregating population 

of the progeny becomes time consuming and laborious.  

 Here I report the construction of two vectors, pART-P450-ecSUC2-BAR and pCAM-

Gent-TSpSUC2-EASE-FLP, making up a two-component vector system to facilitate high-

throughput complementation assays. The first vector pART-P450-ecSUC2-BAR was designed to 

complement the homozygous (Atsuc2/Atsuc2) T-DNA mutation in the endogenous AtSUC2 gene 

in Arabidopsis thaliana. The T-DNA of the first vector was constructed in pART27 (Gleave, 

1986) as the vector backbone. The T-DNA of the first vector comprises of the following 

components: (i) P450 gene, a counter selection marker conferring sensitivity to R7402 pro-

herbicide; (ii) cDNA copy of the AtSUC2 gene under the expression of its native promoter; (iii) 

Bar gene, a plant selection marker conferring resistance to the herbicide glufosinate ammonium; 

(iv) Cauliflower mosaic virus constitutive 35S promoter; and (v) nptII gene, conferring 

resistance to the antibiotic kanamycin in transgenic plants. The P450 gene cassette and the 
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AtSUC2 cassette are situated between FRT sites, and will get excised upon FLP-FRT 

recombination. The second vector pCAM-Gent-TSpSUC2-EASE-FLP was designed to deliver 

the FLP gene and the cDNA copy of the AtSUC2 gene under the expression of different tissue-

specific promoters (CoYMVp, rolCp, CmGAS1p). The T-DNA of the second vector comprises of 

the following components: (i) aacC1 gene, conferring resistance to the antibiotic gentamycin in 

transgenic plants; (ii) Cauliflower mosaic virus constitutive 35S promoter, driving expression of 

aacC1 gene; (iii) lox, Cre recombinase recognition target sequence; (iv) pBR322, bacterial origin 

of replication; (v) aadA gene, conferring kanamycin resistance in transformed bacteria; (vi) 

aatB1, gateway recombination site; (vii) TSpSUC2, various tissue-specific promoters expressing 

AtSUC2 cDNA; (viii) EASE, Egg Apparatus-Specific Enhancer with CaMV 35S promoter 

TATA Box, driving expression of the FLP gene; and (ix) FLP gene, encoding the site-specific 

FLP recombinase. The FLP gene expression is driven by the Egg-Apparatus Specific enhancer 

ensuring FLP expression in the zygotic tissues, early in development and to avoid potential 

sectoring.  

 The first step to establish the two-component complementing system in Arabidopsis 

thaliana was to identify a line with a T-DNA insertion mutation in the AtSUC2 gene. The 

SALK_038124 line was identified for plants heterozygous (AtSUC2/Atsuc2) and homozygous 

(Atsuc2/Atsuc2) for the T-DNA insertion mutation in the AtSUC2 gene by genotyping as 

mentioned in Materials and Methods. The homozygous plants are stunted in growth, accumulate 

anthocyanin and show no inflorescence development. Our next step was to generate effectively 

complemented SALK_038124 homozygous (Atsuc2/Atsuc2) plants. We therefore transformed 

SALK_038124 heterozygous (AtSUC2/Atsuc2) plants with the first vector pART-P450-ecSUC2-

BAR and the segregating progeny was PCR genotyped to identify homozygous plants.  
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 Complementation of homozygous plants by the first vector T-DNA carrying the excisable 

and complementing cDNA copy of the AtSUC2 gene was phenotypically visible. The 

homozygous plants were no longer stunted in growth, had no anthocyanin accumulation, 

developed robust inflorescences, and demonstrated high fecundity. The extent of 

complementation of homozygous plants was further analyzed by measuring the total rosette 

surface area, and comparing the results with Columbia-O ecotype and SALK_038124 

heterozygous plants. It was observed that the complemented plants had a total rosette area 

comparable with that of the SALK_038124 heterozygous plants, while the Columbia-O ecotype 

wild-type plants had the greatest rosette area. This suggested less-than-perfect complementation 

of homozygous plants. 

 The independent transgenic homozygous lines established harboring the T-DNA of the 

first vector pART-P450-ecSUC2-BAR were also analyzed for Bar gene expression. The 

expression of the Bar gene from the Cauliflower mosaic virus constitutive 35S promoter in the 

first vector is blocked by the P450-ecSUC2 cassette in between the FRT sites. (The DNA 

cassette in between the FRT sites will be excised upon FLP-FRT recombination and thus bring 

about expression of the Bar gene). Treatment of the transgenic seedlings with glufosinate 

ammonium herbicide demonstrated that expression of the selection marker was blocked 

effectively in the independent line SG 22-7 when 50 mg/L glufosinate ammonium was used.  

However, SG 22-7 seedlings treated with 20 mg/L glufosinate ammonium (a concentration 

sufficient to kill non-resistant plants) survived indicating that some leaky expression of the Bar 

gene is occurring (data not shown).  

 SG 22-7 plants were transformed with the T-DNA of the second vector pCAM-Gent-

TSpSUC2-EASE-FLP series using the floral-dip method. Treatment of the progeny with 100 
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mg/L glufosinate ammonium and 100 ug/L R7402 did not yield any resistant seedlings, 

suggesting inefficient transformation or unsuccessful excision of the P450-ecSUC2 cassette in 

between the FRT sites by the FLP recombinase. Selection of transformed seedlings on 1% MS 

agar containing gentamycin showed no positive transgenic seedling. Molecular analysis of the 

only “resistant” seedling obtained using PCR and primers designed specifically for the 

gentamycin gene suggested a false-positive transgenic seedling.  

 In conclusion, although no putative transgenic seedling harboring the T-DNA of the 

second vector series pCAM-Gent-TSpSUC2-EASE-FLP has been obtained, the two vectors of 

the two-component system were constructed successfully (Refer to Appendix for complete 

sequence analysis data). Floral-dips have been repeated on independent lines (SG 22-7, SG 22-6, 

SG 32-22, SG 32-23, SG 32-11, and SG 32-13) to generate more putative transgenic seedlings.  

 The selection for transgenics was tried with all three plant selection markers in the 

system, (i) Bar gene, conferring resistance to the herbicide glufosinate ammonium, (ii) P450 

gene, conferring sensitivity to the pro-herbicide R7402, and (iii) aacC1 gene conferring 

resistance to the antibiotic gentamycin. False-positive results were obtained with glufosinate 

ammonium treatment at 50 mg/L probably due to leaky expression of the Bar gene, but 

increasing the glufosinate ammonium concentration to 100 mg/L was reliable. The glufosinate 

ammonium resistant control plants showed healthy growth and development even after treatment 

with 100 mg/L herbicide, suggesting that the high concentration of herbicide did not have any 

inhibitory effects.  

 The R7402 was used as a counter selection marker in the system, to eliminate possibility 

of any sectoring. For instance, sectors of plant tissue which do not express the Bar gene may 

survive glufosinate ammonium treatment due to effect of Bar gene expression in surrounding 
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tissue sectors, but the same does not apply for R7402. Instead, sectors maintaing the P450 gene 

will create a toxin and even destroy sectors not expressing the gene. The treatment of R7402 

resistant controls with 100 µg/L R7402 pro-herbicide resulted in bleaching of leaf periphery, 

even though they were not expressing the P450 gene. The seedlings expressing the P450 gene 

were rapidly, and completely bleached and killed. The R7402 selection although effective in 

killing sensitive seedlings, was damaging on resistant plant tissue. However, treatment of plants 

with a lower concentration of R7402 pro-herbicide was not tested, and will likely resolve this 

issue. The selection for putative transgenics using the gentamycin marker (100 mg/L) was not 

very effective. The differentiation between the sensitive and putatively resistant seedlings was 

not clear, and gave false-positive results. Increasing the gentamycin concentration may effect 

better selection and needs to be tested.  

 The two-component system although established with the AtSUC2 gene as the essential 

gene, is flexible to be replaced with any gene of interest. The system can also be modified to 

express the essential gene in different tissues of interest. The benefits of excision could be 

expanded for creating sectors in the plant tissue.  For example, a heat shock promoter can be 

introduced in place of the EASE, which will express FLP only in heat shocked sectors and 

mediate excision in sectors. The broader application of the two-component vector system is in 

the discovery of phloem-specific regulatory sequences. The second vector in the system is 

designed to allow for incorporation of genomic libraries derived from different species; in place 

of the tissue-specific promoter. The library fragments with appreciable phloem-specific 

expression can be identified by a simple growth assay. 
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(a) 

F73809.UNT-2-CP4: 1 « 949 (complementary)

F53038.UNT-1-CP1: 512 « 1366 (complementary)

Bar coding region (X17220): 854 » 1372

F52229.UNT-1-CP1: 898 » 1834

F54513.UNT-8-M13F: 1368 « 2146 (complementary)

F73809.UNT-1-CP3: 1571 » 2460

1 500 1000 1500 2000

 
 

 

 

 

 

(b) 

 

pA RT -Bar c ontig 1

2460 bp

BarSUC2 FRT

HindIII (845)

KpnI  (1371)

NotI  (2153)

Sac I  (517) Sac I  (2182)

 
 

 

Figure 35: Sequence analysis data and sequence map of the Bar gene. (a) Contig assembly of the 

sequenced fragments. (b) Annotated sequence map of the pART-Bar contig assembly. 
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(a) 

P450mut M13R_1 (sequenced): 1 » 1000

P450 mut F662 (sequenced): 726 » 1580

P450 F1131_1(sequenced): 1202 » 2137

P450mut F1724 mod (sequenced): 1764 » 2742

P450-pUC118 contig (sequenced): 43 » 3301

P450mut F2311 (sequenced): 2336 » 3312

pART-P450-SUC2-BAR (sequenced P4503-F3090): 3112 » 4053

pART-P450-SUC2-BAR (sequenced P4503-F3756): 3783 » 4728

1 500 1000 1500 2000 2500 3000 3500 4000 4500

 
 

 

 

 

(b) 

 

pA RT -P 45 0  c ontig 2

4728 bp

P450 AtSUC2p

BamHI (4367)

 
 

Figure 36: Sequence analysis data and sequence map of the P450 cassette. (a) Contig assembly 

of the sequenced fragments. (b) Annotated sequence map of the pART-P450 contig assembly. 
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pART-P450-ecSUC2-BAR contig

22816 bp

Bar

AtSUC2

P450

nptII

Atsuc2 cDNA

Contig 1

Contig 2

LB

RB

AtSUC2p

35Sp

FRT

FRT

Not I (1)

Not I (11150)

Kpn I (7912)

Kpn I (10368)

Sac I (9471)

Sac I (11179)

BamHI (5796)

BamHI (22326) Bgl II (404)

Bgl II (1153)

Eco RI (6021)

Eco RI (9738)

Eco RI (10370)

HindIII (1542)

HindIII (1579)

HindIII (2806)

HindIII (4616)

HindIII (4822)

HindIII (4850)

HindIII (8884)

HindIII (9799)

 
 

Figure 37: Vector map of pART-P450-ecSUC2-BAR constructed with the sequence analysed 

components and showing restriction sites used for cloning.  
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LOCUS       pART-P450-ecSUC2       22816 bp    DNA     circular     14-OCT-

2007 

DEFINITION  Construction option #4 of pART-P450-ecSUC2-BAR. 

SOURCE       

  ORGANISM   

COMMENT     This file is created by Vector NTI 

            http://www.invitrogen.com/ 

COMMENT     VNTDATE|460240689| 

COMMENT     VNTDBDATE|460241628| 

COMMENT     LSOWNER| 

COMMENT     VNTNAME|pART-P450-ecSUC2-BAR contig| 

COMMENT     VNTAUTHORNAME|Demo User| 

FEATURES             Location/Qualifiers 

     CDS             9799..10367 

                     /vntifkey="4" 

                     /label=Bar 

     misc_recomb     complement(1384..1417) 

                     /vntifkey="86" 

                     /label=FRT 

                     /note="FLP recognition target site from pFLP-SWITCH 

backbone" 

     misc_recomb     complement(9745..9778) 

                     /vntifkey="86" 

                     /label=FRT 

                     /note="FLP recognition target site from pFLP-SWITCH 

backbone" 

     promoter        5796..7911 

                     /vntifkey="29" 

                     /label=AtSUC2p 

     CDS             7912..9470 

                     /vntifkey="4" 

                     /label=AtSUC2 

     promoter        937..1258 

                     /vntifkey="29" 

                     /label=35Sp 

     CDS             1450..5795 

                     /vntifkey="4" 

                     /label=P450 

     misc_feature    20529..20554 

                     /vntifkey="21" 

                     /label=LB 

     misc_feature    11634..11659 

                     /vntifkey="21" 

                     /label=RB 

     CDS             21552..22330 

                     /vntifkey="4" 

                     /label=nptII 

     insertion_seq   5796..9470 

                     /vntifkey="14" 

                     /label=Atsuc2\cDNA 

                     /note="AtSUC2 cDNA inserted as a BamHI/SacI fragment 

from pGPTV-SUC2pSUC2. Correct sequence established." 

     insertion_seq   9799..10367 

                     /vntifkey="14" 

                     /label=Contig\1 
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                     /note="PCR amplified Bar gene from pGPTV-BAR" 

     insertion_seq   1450..5795 

                     /vntifkey="14" 

                     /label=Contig\2 

                     /note="PCR amplified P450 cassette cloned as a 

BglII/BamHI insert." 

BASE COUNT     5763 a      5757 c      5481 g      5790 t        25 others 

ORIGIN 

        1 ggccgctcga cgaattaatt ccaatcccac aaaaatctga gcttaacagc acagttgctc  

       61 ctctcagagc agaatcgggt attcaacacc ctcatatcaa ctactacgtt gtgtataacg  

      121 gtccacatgc cggtatatac gatgactggg gttgtacaaa ggcggcaaca aacggcgttc  

      181 ccggagttgc acacaagaaa tttgccacta ttacagaggc aagagcagca gctgacgcgt  

      241 acacaacaag tcagcaaaca gacaggttga acttcatccc caaaggagaa gctcaactca  

      301 agcccaagag ctttgctaag gccctaacaa gcccaccaaa gcaaaaagcc cactggctca  

      361 cgctaggaac caaaaggccc agcagtgatc cagccccaaa agagatctcc tttgccccgg  

      421 agattacaat ggacgatttc ctctatcttt acgatctagg aaggaagttc gaaggtgaag  

      481 gtgacgacac tatgttcacc actgataatg agaaggttag cctcttcaat ttcagaaaga  

      541 atgctgaccc acagatggtt agagaggcct acgcagcagg tctcatcaag acgatctacc  

      601 cgagtaacaa tctccaggag atcaaatacc ttcccnaaga aggttaaaga tgcagtcaaa  

      661 aganttcagg actaattgca tcaagaacac agagaaagac atatttcntc aagatcagaa  

      721 gtactattcc agtatggacg nnncaaggcn nnnttcataa accaaggcaa gtaatagaga  

      781 ttggagtctc taaaaaggta gttcctactg aatctaaggc catgcatgga gtntaagatt  

      841 caaatcgagg atctaacaga actcgccgtg aagactggcg aacagttcat acagagtctt  

      901 ttacgactca atgacaagaa gaaaatcttc gtcaacatgg tggagcacga cactctggtc  

      961 tactccaaaa atgtcaaaga tacagtctca gaagaccaaa gggctattga gacttttcaa  

     1021 caaaggataa tttcgggaaa cctcctcgga ttccattgcc cagctatctg tcacttcatc  

     1081 gaaaggacag tagaaaagga aggtggctcc tacaaatgcc atcattgcga taaaggaaag  

     1141 gctatcattc aagatctctc tgccgacagt ggtcccaaag atggaccccc acccacgagg  

     1201 agcatcgtgg aaaaagaaga cgttccaacc acgtcttcaa agcaagtgga ttgatgtgac  

     1261 atctccactg acgtaaggga tgacgcacaa tcccactatc cttcgcaaga cccttcctct  

     1321 atataaggaa gttcatttca tttggagagg acacgctcga ggaatttcga cggatcagct  

     1381 tctgaagttc ctatactttc tagagaatag gaacttcgga ataggaactt caaagcagan  

     1441 nngncgagag gatcttctct gcattttttc atcttaatta acaccataat tttattggtt  

     1501 tttactctca acaccataat tacatcgata gatacaaaac aagctttcag ttaaatcata  

     1561 taagacattt gatttccaag cttaattcca ttttctctcc aatgtgaaga taaacgcaat  

     1621 gtaaattctc ccgagaaaat ttcaactcaa tttctacaaa gcggaacggg ttaagttcga  

     1681 gagttttctc ctctttattg ggtatggcag aaagaaggaa acaagtaaag ctatattttt  

     1741 cttggaccat gatttttcca taactttttc gggaaccaga tcacaatgca tttggttgac  

     1801 aataaaagaa cattttatgt gtgcgcccgc aaagtgaagt tggaattaac gttcaagcac  

     1861 tctaataggc cagtcgtgta gaagaaagaa ctactcgata aatcagaaaa tgatcttcaa  

     1921 ttctataggt aacttgtagc gtgtgtggac gagtattcaa gcatacgagc atgcatccaa  

     1981 agctcctggc ctgggagaaa tggaagttgg tttgttattg cgccctttaa tggctcgtat  

     2041 agtactgtag acaagtctag gtacagaggc ttatgatgtg aagtttggtc ctccaactgg  

     2101 ccaaacgctc atgtcgcgga catgtgctag ttttgagaac tacaacttat tatattcgtg  

     2161 tagaagagag aactataaaa tcgaatggcc tctaatcaat tcatagtttt tgttatttgt  

     2221 tgaaattcta atacagtgga tcggttacaa ggaaaaagaa aacttgatta tcaattcatg  

     2281 aaaagagaag acgatgttgt attccttgag aaaaaaattc cgaggttgtc aaggaataat  

     2341 ggtattgcat catgttatgg acaatataag gaagcaaaca gtctagctat cactagttgg  

     2401 aacttctaaa tcataaatac ttgggaaaac aaaaaaagaa aaattatata cataaaaatg  

     2461 gtttgcaaaa ggacctaaaa agaattaagt tacctcgatc acacattcat atccacttcc  

     2521 tactccatat cggatgagat aagattacta agtgcttcca cgtggcacct ccattgtggt  

     2581 gacataatga agagggtctt agctccaaaa atacatttcc aacctttcat gtgtggatat  

     2641 taaatttgta atatcaagaa ccacataatc caatggttag ctttactcca agatgaggtt  

     2701 agttgatttt tgtccgttag atatgtgaaa tatgtaaaaa ccttatcatt atataaaggg  

     2761 tgtggtgggc aatacaaaag tcagtgtgaa gtgtttaaag gaaaaagctt tggaagaagc  

     2821 aaaaatcttc taaccatggc ttcctctgtg atttcctctg cagctgttgc tactcgcact  

     2881 aatgtggctc aagctagcat ggttgcacct tttaatggtc ttaagtctgc tgtctccttc  
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     2941 ccagtttcaa ggaagcaaaa ccttgacatc acttccattg ctagcaatgg tggaagagtc  

     3001 caatgcatga ctgataccgc cacgacgccc cagaccacgg acgcacccgc cttcccgagc  

     3061 aaccggagct gtccctacca gttaccggac ggctacgccc agctccggga cacccccggc  

     3121 cccctgcacc gggtgacgct ctacgacggc cgtcaggcgt gggtggtgac caagcacgag  

     3181 gccgcgcgca aactgctcgg cgacccccgg ctgtcctcca accggacgga cgacaacttc  

     3241 cccgccacgt caccgcgctt cgaggccgtc cgggagagcc cgcaggcgtt catcggcctg  

     3301 gacccgcccg agcacggcac ccggcggcgg atgacgatca gcgagttcac cgtcaagcgg  

     3361 atcaagggca tgcgccccga ggtcgaggag gtggtgcacg gcttcctcga cgagatgctg  

     3421 gccgccggcc cgaccgccga cctggtcagt cagttcgcgc tgccggtgcc ctccatggtg  

     3481 atctgccgac tcctcggcgt gccctacgcc gaccacgagt tcttccagga cgcgagcaag  

     3541 cggctggtgc agtccacgga cgcgcagagc gcgctcaccg cgcggaacga cctcgcgggt  

     3601 tacctggacg gcctcatcac ccagttccag accgaaccgg gcgcgggcct ggtgggcgct  

     3661 ctggtcgccg accagctggc caacggcgag atcgaccgtg aggaactgat ctccaccgcg  

     3721 atgctgctcc tcatcgccgg ccacgagacc acggcctcga tgacctccct cagcgtgatc  

     3781 accctgctgg accaccccga gcagtacgcc gccctgcgcg ccgaccgcag cctcgtgccc  

     3841 ggcgcggtgg aggaactgct ccgctacctc gccatcgccg acatcgcggg gggccgcgtc  

     3901 gccacggcgg acatcgaggt cgaggggcag ctcatccggg ccggcgaggg cgtgatcgtc  

     3961 gtcaactcga tagccaaccg ggacggcacg gtgtacgagg acccggacgc cctcgacatc  

     4021 caccgctccg cgcgccacca cctcgccttc ggcttcggcg tgcaccagtg cctgggccag  

     4081 aacctcgccc ggctggagct ggaggtcatc ctcaacgccc tcatggaccg cgtcccgacg  

     4141 ctgcgactgg ccgtccccgt cgagcagttg gtgctgcggc cgggtacgac gatccagggc  

     4201 gtcaacgaac tcccggtcac ctggtgacgg gggggcatgc aagctgacct gcaggtcgat  

     4261 ctattaggac agcttaccct atgtatttag gggcagtttg ttttaattgt acttaggttg  

     4321 tttacttgtt ttttattaaa aactgtttca tttccttatt taatttctat tcggtgtatg  

     4381 tttttggatt ccaaccaagt tatgagaact aataatgata atttggtgct ttgtttgtac  

     4441 atttgttggt tgagagtctt gtggcctata taagttttat cttgataata tctcctatcc  

     4501 taaatgcaaa tggtccacac tccacattgc accagtaaca tccccctccc cccggactat  

     4561 cctttcatat tatgaaaggc attcaatcat ttcttgaatt tccaaatatc tctgaagctt  

     4621 catttttatt ggttgcctta tcttctatat ctacctaacg ttgcaaagga caaaaagggc  

     4681 agtgtcttgg cgatatcttt tttactacta aaatatctca aacttttctt ggccaaaact  

     4741 gtanaaaacg ggagatatat ggataacatt tcttggtcat taacttttta gtttcaggtg  

     4801 aaaaacagat atttcaagtg aagcttttca aatcttccac attgacataa gcttctccaa  

     4861 atgaagttca tgtccaatta taatggacct gcacattttt caactacaat ttcaaataat  

     4921 cttcttttcc acttcaactt aagtaggcat ttagacatta tttggttgaa gttgaaagac  

     4981 gaacatttga agtagtaatg gacaagtggg cttcactatc tatctcttca ccaagccgca  

     5041 tgcaaattgc aaggcgcttt gctttactta tgttatatga acgctatgta cttacataac  

     5101 taatatgtga gttgagacag aaaagattga atcaactctt ccataaatgt tcatcaaatc  

     5161 tttcgaaaca agaaaccatc aagagaaagc atatactcga ggggaaaata aaactcaata  

     5221 aatactttat tacttcctac tccatatttt acatatgtac aacactacta attatcagat  

     5281 tgccaaaatt ttgtggcatc aaaatgaatt aagtgcattt acagacagaa ccaaaacaaa  

     5341 attatcaact ctcaaccacc ttaaaatgtt aattgtgcaa atgagccata tcattgcaca  

     5401 ataatgttaa agcaaaatca aaactttccc ctctaacaat tcactagtta atactgcaaa  

     5461 attttggtcc gcttttctat gtttagcaat gatccattga gttcccttta tatacatact  

     5521 gttcattaag gaagattcaa gccatancag ccatgcgaga gttttggcag tcaaagccct  

     5581 ctactcgatt tggtgattga gctttcccga gtcttgtcct tgcacatctt cctttacaac  

     5641 ttgaggatgg anaanangaa gctgaagtag atggacttgg tgatgatgat agacggggtt  

     5701 gcttttcagt tgcaaagtga gcatcatgga ttaatggatt catagccctg ccaggcggtg  

     5761 atccaganaa gaaaggaggg gatgatgaca aatgggatcc ggtttcatat taatttcaca  

     5821 caccaagtta ctttctatta ttaactgtta taatggacca tgaaatcatt tgcatatgaa  

     5881 ctgcaatgat acataatcca ctttgttttg cgggagacat ttaccagatt tcggtaaatt  

     5941 ggtattcccc cttttatgtg attggtcatt gatcattgtt agtggccaga catttgaact  

     6001 cccgtttttt tgtctataag aattcggaaa catatagtat cctttgaaaa cggagaaaca  

     6061 aataacaatg tggacaaact agatataatt tcaacacaag actatgggaa tgattttacc  

     6121 cactaattat aatccgatca caaggtttca acgaactagt tttccagata tcaaccaaat  

     6181 ttactttgga attaaactaa cttaaaacta attggttgtt cgtaaatggt gctttttttt  

     6241 tttgcggatg ttagtaaagg gttttatgta ttttatatta ttagttatct gttttcagtg  

     6301 ttatgttgtc tcatccataa agtttatatg ttttttcttt gctctataac ttatatatat  
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     6361 atatgagttt acagttatat ttatacattt cagatactga tcggcatttt ttttggtaaa  

     6421 aaatatatgc atgaaaaact caagtgtttc ttttttaagg aatttttaaa tggtgattat  

     6481 atgaatataa tcatatgtat atccgtatat atatgtagcc agatagttaa ttatttgggg  

     6541 gatatttgaa ttattaatgt tataatattc tttcttttga ctcgtctggt taaattaaag  

     6601 aacaaaaaaa acacatactt ttactgtttt aaaaggttaa attaacataa tttattgatt  

     6661 acaagtgtca agtccatgac attgcatgta ggttcgagac ttcagagata acggaagaga  

     6721 tcgataattg tgatcgtaac atccagatat gtatgtttaa ttttcattta gatgtggatc  

     6781 agagaagata agtcaaactg tcttcataat ttaagacaac ctcttttaat attttcccaa  

     6841 aacatgtttt atgtaactac tttgcttatg tgattgcctg aggatactat tattctctgt  

     6901 ctttattctc ttcacaccac atttaaatag tttaagagca tagaaattaa ttattttcaa  

     6961 aaaggtgatt atatgcatgc aaaatagcac accatttatg tttatatttt caaattattt  

     7021 aatacatttc aatatttcat aagtgtgatt tttttttttt tgtcaatttc ataagtgtga  

     7081 tttgtcattt gtattaaaca attgtatcgc gcagtacaaa taaacagtgg gagaggtgaa  

     7141 aatgcagtta taaaactgtc caataattac taacacattt aaatnatcta aaaagagtgt  

     7201 ttcaaaaaaa attcttttga aataagaaaa gtgatagata tttttacgct ttcgtctgaa  

     7261 aataaaacaa taatagttta ttagaaaaat gttatcaccg aaaattattc tagtgccact  

     7321 cgctcggatc gaaattcgaa agttatattc tttctcttta cctaatataa aaatcacaag  

     7381 aaaaatcaat ccgaatatat ctatcaacat agtatatgcc cttacatatt gtttctgact  

     7441 tttctctatc cgaatttctc gcttcatggt ttttttttaa catattctca tttaattttc  

     7501 attactatta tataactaaa agatggaaat aaaataaagt gtctttgaga atcgaaacgt  

     7561 ccatatcagt aagatagttt gtgtgaaggt aaaatctaaa agatttaagt tccaaaaaca  

     7621 gaaaataata tattacgcta aaaaagaaga aaataattaa atacaaaaca gaaaaaaata  

     7681 atatacgaca gacacgtgtc acgaagatac cctacgctat agacacagct ctgttttctc  

     7741 ttttctatgc ctcaaggctc tcttaacttc actgtctcct cttcggataa tcctatcctt  

     7801 ctcttcctat aaatacctct ccactcttcc tcttcctcca ccactacaac caccgcaaca  

     7861 accaccaaaa accctctcaa agaaatcttt tttttcttac tttcttggta ccaaatatgg  

     7921 tcagccatcc aatggagaaa gctgcaaatg gtgcgtctgc gttggaaacg cagacgggtg  

     7981 agttagatca gccggaacgg cttcgtaaga tcatatcggt gtcttccatt gccgccggtg  

     8041 tacagttcgg ttgggcttta cagttatctc tgttgactcc ttacgtgcag ctactcggaa  

     8101 tcccacataa atgggcttct ctgatttggc tctgtggtcc aatctccggt atgcttgttc  

     8161 agcctatcgt cggttaccac agtgaccgtt gcacctcaag attcggccgt cgtcgtccct  

     8221 tcatcgtcgc tggagctggt ttagtcaccg ttgctgtttt ccttatcggt tacgctgccg  

     8281 atataggtca cagcatgggc gatcagcttg acaaaccgcc gaaaacgcga gccatagcga  

     8341 tattcgctct cgggttttgg attcttgacg tggctaacaa caccttacaa ggaccctgca  

     8401 gagctttctt ggctgattta tcagcaggga acgctaagaa aacgcgaacc gcaaacgcgt  

     8461 ttttctcgtt tttcatggcg gttggaaacg ttttgggtta cgctgcggga tcttacagaa  

     8521 atctctacaa agttgtgcct ttcacgatga ctgagtcatg cgatctctac tgcgcaaacc  

     8581 tcaaaacgtg ttttttccta tccataacgc ttctcctcat agtcactttc gtatctctct  

     8641 gttacgtgaa ggagaagcca tggacgccag agccaacagc cgatggaaaa gcctccaacg  

     8701 ttccgttttt cggagaaatc ttcggagctt tcaaggaact aaaaagaccc atgtggatgc  

     8761 ttcttatagt cactgcacta aactggatcg cttggttccc tttccttctc ttcgacactg  

     8821 attggatggg ccgtgaggtg tacggaggaa actcagacgc aaccgcaacc gcagcctcta  

     8881 agaagcttta caacgacgga gtcagagctg gtgctttggg gcttatgctt aacgctattg  

     8941 ttcttggttt catgtctctt ggtgttgaat ggattggtcg gaaattggga ggagctaaaa  

     9001 ggctttgggg tattgttaac ttcatccntc gccatttgct tggccatgac ggttgntggt  

     9061 tacgaaacna agctgagaat caccgacgag atcacggcgg cgctaaaaca ggtccacctg  

     9121 gtaacgtcac agctggtgct ttaactctct tcgccatcct cggtatcccc caagccatta  

     9181 cgtttagcat tccttttgca ctagcttcca tattttcaac caattccggt gccggccaag  

     9241 gactttccct aggtgttctg aatctagcca ttgtcgtccc tcagatggta atatctgtgg  

     9301 gaggtggacc attcgacgaa ctattcggtg gtggaaacat tccagcattt gtgttaggag  

     9361 cgattgcggc agcggtaagt ggtgtattgg cgttgacggt gttgccttca ccgcctccgg  

     9421 atgctcctgc cttcaaagct actatgggat ttcatccccg ggtatgagct cgaatttccc  

     9481 cgatcgttca aacatttggc aataaagttt cttaagattg aatcctgttg ccggtcttgc  

     9541 gatgattatc atataatttc tgttgaatta cgttaagcat gtaataatta acatgtaatg  

     9601 catgacgtta tttatgagat gggtttttat gattagagtc ccgcaattat acatttaata  

     9661 cgcgatagaa aacaaaatat agcgcgcaaa ctaggataaa ttatcgcgcg cggtgtcatc  

     9721 tatgttacta gatcgggaat tcctgaagtt cctatacttt ctagagaata ggaacttcgg  
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     9781 aataggaact tcaaagcaag cttaacaatg agcccagaac gacgcccggc cgacatccgc  

     9841 cgtgccaccg aggcggacat gccggcggtc tgcaccatcg tcaaccacta catcgagaca  

     9901 agcacggtca acttccgtac cgagccgcag gaaccgcagg agtggacgga cgacctcgtc  

     9961 cgtctgcggg agcgctatcc ctggctcgtc gccgaggtgg acggcgaggt cgccggcatc  

    10021 gcctacgcgg gcccctggaa ggcacgcaac gcctacgact ggacggccga gtcgaccgtg  

    10081 tacgtctccc cccgccacca gcggacggga ctgggctcca cgctctacac ccacctgctg  

    10141 aagtccctgg aggcacaggg cttcaagagc gtggtcgctg tcatcgggct gcccaacgac  

    10201 ccgagcgtgc gcatgcacga ggcgctcgga tatgcccccc gcggcatgct gcgggcggcc  

    10261 ggcttcaagc acgggaactg gcatgacgtg ggtttctggc agctggactt cagcctgccg  

    10321 gttccgcccc gtccggtcct gcccgtcacc gaaatctgat gaggtaccga attcggtcct  

    10381 gctttaatga gatatgcgag acgcctatga tcgcatgata tttgctttca attctgttgt  

    10441 gcacgttgta aaaaacctga gcatgtgtag ctcagatcct taccgccggt ttcggttcat  

    10501 tctaatgaat atatcacccg ttactatcgt atttttatga ataatattct ccgttcaatt  

    10561 tactgattgt accctactac ttatatgtac aatattaaaa tgaaaacaat atattgtgct  

    10621 gaataggttt atagcgacat ctatgataga gcgccacaat aacaaacaat tgcgttttat  

    10681 tattacaaat ccaattttaa aaaaagcggc agaaccggtc aaacctaaaa gactgattac  

    10741 ataaatctta ttcaaatttc aaaagtgccc caggggctag tatctacgac acaccgagcg  

    10801 gcgaactaat aacgctcact gaagggaact ccggttcccc gccggcgcgc atgggtgaga  

    10861 ttccttgaag ttgagtattg gccgtccgct ctaccgaaag ttacgggcac cattcaaccc  

    10921 ggtccagcac ggcggccggg taaccgactt gctgccccga gaattatgca gcattttttt  

    10981 ggtgtatgtg ggccccaaat gaagtgcagg tcaaaccttg acagtgacga caaatcgttg  

    11041 ggcgggtcca gggcgaattt tgcgacaaca tgtcgaggct cagcaggacc tgcaggcatg  

    11101 caagctagct tactagtgat gcatattcta tagtgtcacc taaatctgcg gccgcctgca  

    11161 ggtcgatatg ggagagctcc caacgcgttg gatgcatagc ttgagtattc tatagtgtca  

    11221 cctaaatagc ttggcgtaat catggtcata gctgtttcct gtgtgaaatt gttatccgct  

    11281 cacaattcca cacaacatac gagccggaag cataaagtgt aaagcctggg gtgcctaatg  

    11341 agtgagctaa ctcacattaa ttgcgttgcg ctcactgccc gctttccagt cgggaaacct  

    11401 gtcgtgccag ctgcattaat gaatcggcca acgcgcgggg agaggcggtt tgcgtattgg  

    11461 ggctgagtgg ctccttcaat cgttgcggtt ctgtcagttc caaacgtaaa acggcttgtc  

    11521 ccgcgtcatc ggcgggggtc ataacgtgac tcccttaatt ctccgctcat gatcagattg  

    11581 tcgtttcccg ccttcagttt aaactatcag tgtttgacag gatatattgg cgggtaaacc  

    11641 taagagaaaa gagcgtttat tagaataacg gatatttaaa agggcgtgaa aaggtttatc  

    11701 cgttcgtcca tttgtatgtg catgccaacc acagggttcc cctcgggagt gctggcattc  

    11761 cgtacgataa tgacttctgt tcaaccaccc aaacgtcgga aagcctgacg acggagcagc  

    11821 attccaaaaa gatcccttgg ctcgtctggg tcggctagaa ggtcgagtgg gctgctgtgg  

    11881 cttgatccct caacgcggtc gcggacgtag cgcagcgccg aaaaatcctc gatcgcaaat  

    11941 ccgacgctgt cgaaaatcgt gatctgcttg tcgctctttc ggccgacgtc ctggccagtc  

    12001 atcacgcgcc aaagttccgt cacaggatga tctggcgcga gttgctggat ctcgccttca  

    12061 atccgggtct gtggcgggaa ctccacgaaa atatccgaac gcagcaagat gtcgaccctt  

    12121 tccgacgctc accgggctgg ttgccctcgc cgctgggctg gcggccgtct atggccctgc  

    12181 aaacgcgcca gaaacgccgt cgaagccgtg tgcgagacac cgcggccggc cgccggcgtt  

    12241 gtggatacct cgcggaaaac ttggccctca ctgacagatg aggggcggac gttgacactt  

    12301 gaggggccga ctcacccggc gcggcgttga cagatgaggg gcaggctcga tttcggccgg  

    12361 cgacgtggag ctggccagcc tcgcaaatcg gcgaaaacgc ctgattttac gcgagtttcc  

    12421 cacagatgat gtggacaagc ctggggataa gtgccctgcg gtattgacac ttgaggggcg  

    12481 cgactactga cagatgaggg gcgcgatcct tgacacttga ggggcagagt gctgacagat  

    12541 gaggggcgca cctattgaca tttgaggggc tgtccacagg cagaaaatcc agcatttgca  

    12601 agggtttccg cccgtttttc ggccaccgct aacctgtctt ttaacctgct tttaaaccaa  

    12661 tatttataaa ccttgttttt aaccagggct gcgccctggc gcgtgaccgc gcacgccgaa  

    12721 ggggggtgcc cccccttctc gaaccctccc ggcccgctaa cgcgggcctc ccatcccccc  

    12781 aggggctgcg cccctcggcc gcgaacggcc tcaccccaaa aatggcagcc aagctcctaa  

    12841 cattttatta gagagcaggc tagttgctta gatacatgat cttcaggccg ttatctgtca  

    12901 gggcaagcga aaattggcca tttatgacga ccaatgcccc gcagaagctc ccatctttgc  

    12961 cgccatagac gccgcgcccc ccttttgggg tgtagaacat ccttttgcca gatgtggaaa  

    13021 agaagttcgt tgtcccattg ttggcaatga cgtagtagcc ggcgaaagtg cgagacccat  

    13081 ttgcgctata tataagccta cgatttccgt tgcgactatt gtcgtaattg gatgaactat  

    13141 tatcgtagtt gctctcagag ttgtcgtaat ttgatggact attgtcgtaa ttgcttatgg  
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    13201 agttgtcgta gttgcttgga gaaatgtcgt agttggatgg ggagtagtca tagggaagac  

    13261 gagcttcatc cactaaaaca attggcaggt cagcaagtgc ctgccccgat gccatcgcaa  

    13321 gtacgaggct tagaaccacc ttcaacagat cgcgcatagt cttccccagc tctctaacgc  

    13381 ttgagttaag ccgcgccgcg aagcggcgtc ggcttgaacg aattgttaga cattatttgc  

    13441 cgactacctt ggtgatctcg cctttcacgt agtgaacaaa ttcttccaac tgatctgcgc  

    13501 gcgaggccaa gcgatcttct tgtccaagat aagcctgcct agcttcaagt atgacgggct  

    13561 gatactgggc cggcaggcgc tccattgccc agtcggcagc gacatccttc ggcgcgattt  

    13621 tgccggttac tgcgctgtac caaatgcggg acaacgtaag cactacattt cgctcatcgc  

    13681 cagcccagtc gggcggcgag ttccatagcg ttaaggtttc atttagcgcc tcaaatagat  

    13741 cctgttcagg aaccggatca aagagttcct ccgccgctgg acctaccaag gcaacgctat  

    13801 gttctcttgc ttttgtcagc aagatagcca gatcaatgtc gatcgtggct ggctcgaaga  

    13861 tacctgcaag aatgtcattg cgctgccatt ctccaaattg cagttcgcgc ttagctggat  

    13921 aacgccacgg aatgatgtcg tcgtgcacaa caatggtgac ttctacagcg cggagaatct  

    13981 cgctctctcc aggggaagcc gaagtttcca aaaggtcgtt gatcaaagct cgccgcgttg  

    14041 tttcatcaag ccttacggtc accgtaacca gcaaatcaat atcactgtgt ggcttcaggc  

    14101 cgccatccac tgcggagccg tacaaatgta cggccagcaa cgtcggttcg agatggcgct  

    14161 cgatgacgcc aactacctct gatagttgag tcgatacttc ggcgatcacc gcttccctca  

    14221 tgatgtttaa ctcctgaatt aagccgcgcc gcgaagcggt gtcggcttga atgaattgtt  

    14281 aggcgtcatc ctgtgctccc gagaaccagt accagtacat cgctgtttcg ttcgagactt  

    14341 gaggtctagt tttatacgtg aacaggtcaa tgccgccgag agtaaagcca cattttgcgt  

    14401 acaaattgca ggcaggtaca ttgttcgttt gtgtctctaa tcgtatgcca aggagctgtc  

    14461 tgcttagtgc ccactttttc gcaaattcga tgagactgtg cgcgactcct ttgcctcggt  

    14521 gcgtgtgcga cacaacaatg tgttcgatag aggctagatc gttccatgtt gagttgagtt  

    14581 caatcttccc gacaagctct tggtcgatga atgcgccata gcaagcagag tcttcatcag  

    14641 agtcatcatc cgagatgtaa tccttccggt aggggctcac acttctggta gatagttcaa  

    14701 agccttggtc ggataggtgc acatcgaaca cttcacgaac aatgaaatgg ttctcagcat  

    14761 ccaatgtttc cgccacctgc tcagggatca ccgaaatctt catatgacgc ctaacgcctg  

    14821 gcacagcgga tcgcaaacct ggcgcggctt ttggcacaaa aggcgtgaca ggtttgcgaa  

    14881 tccgttgctg ccacttgttt aatagactgg atggaggcgg ataaagttgc aggaccactt  

    14941 ctgcgctcgg cccttccggc tggctggttt attgctgata aatctggagc cggtgagcgt  

    15001 gggtctcgcg gtatcattgc agcactgggg ccagatggta agccctcccg tatcgtagtt  

    15061 atctacacga cggggagtca ggcaactatg gatgaacgaa atagacagat cgctgagata  

    15121 ggtgcctcac tgattaagca ttggtaactg tcagaccaag tttactcata tatactttag  

    15181 attgatttaa aacttcattt ttaatttaaa aggatctagg tgaagatcct ttttgataat  

    15241 ctcatgacca aaatccctta acgtgagttt tcgttccact gagcgtcaga ccccgtagaa  

    15301 aagatcaaag gatcttcttg atatcctttt tttctgcgcg taatctgctg cttgcaaaca  

    15361 aaaaaaccac cgctaccagc ggtggtttgt ttgccggatc aagagctacc aactcttttt  

    15421 ccgaaggtaa ctggcttcag cagagcgcag ataccaaata ctgtccttct agtgtagccg  

    15481 tagttaggcc accacttcaa gaactctgta gcaccgccta catacctcgc tctgctaatc  

    15541 ctgttaccag tggctgctgc cagtggcgat aagtcgtgtc ttaccgggtt ggactcaaga  

    15601 cgatagttac cggataaggc gcagcggtcg ggctgaacgg ggggttcgtg cacacagccc  

    15661 agcttggagc gaacgaccta caccgaactg agatacctac agcgtgagca ttgagaaagc  

    15721 gccacgcttc ccgaagggag aaaggcggac aggtatccgg taagcggcag ggtcggaaca  

    15781 ggagagcgca cgagggagct tccaggggga aacgcctggt atctttatag tcctgtcggg  

    15841 tttcgccacc tctgacttga gcgtcgattt ttgtgatgct cgtcaggggg gcggagccta  

    15901 tggaaaaacg ccagcaacgc ggccttttta cggttcctgg ccttttgctg gccttttgct  

    15961 cacatgttct ttcctgcgtt atcccctgat tctgtggata accgtattac cgcctttgag  

    16021 tgagctgata ccgctcgccg cagccgaacg accgagcgca gcgagtcagt gagcgaggaa  

    16081 gcggaagagc gcctgatgcg gtattttctc cttacgcatc tgtgcggtat ttcacaccgc  

    16141 atatgaagat cggcggcaat agcttcttag cgccatcccg gctgagaaag cccagtaagg  

    16201 aaacaactgt aggttcgagt cgcgagatcc cccggaacca aaggaagtag gttaaacccg  

    16261 ctccgatcag gccgagccac gccaggccga gaacattggt tcctgtaggc atcgggattg  

    16321 gcggatcaaa cactaaagct actggaacga gcagaagtcc tccggccgcc agttgccagg  

    16381 cggtaaaggt gagcagaggc acgggaggtt gccacttgcg ggtcagcacg gttccgaacg  

    16441 ccatggaaac cgcccccgcc aggcccgctg cgacgccgac aggatctagc gctgcgtttg  

    16501 gtgtcaacac caacagcgcc acgcccgcag ttccgcaaat agcccccagg accgccatca  

    16561 atcgtatcgg gctacctagc agagcggcag agatgaacac gaccatcagc ggctgcacag  
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    16621 cgcctaccgt cgccgcgacc ccgcccggca ggcggtagac cgaaataaac aacaagctcc  

    16681 agaatagcga aatattaagt gcgccgagga tgaagatgcg catccaccag attcccgttg  

    16741 gaatctgtcg gacgatcatc acgagcaata aacccgccgg caacgcccgc agcagcatac  

    16801 cggcgacccc tcggcctcgc tgttcgggct ccacgaaaac gccggacaga tgcgccttgt  

    16861 gagcgtcctt ggggccgtcc tcctgtttga agaccgacag cccaatgatc tcgccgtcga  

    16921 tgtaggcgcc gaatgccacg gcatctcgca accgttcagc gaacgcctcc atgggctttt  

    16981 tctcctcgtg ctcgtaaacg gacccgaaca tctctggagc tttcttcagg gccgacaatc  

    17041 ggatctcgcg gaaatcctgc acgtcggccg ctccaagccg tcgaatctga gccttaatca  

    17101 caattgtcaa ttttaatcct ctgtttatcg gcagttcgta gagcgcgccg tgcgtcccga  

    17161 gcgatactga gcgaagcaag tgcgtcgagc agtgcccgct tgttcctgaa atgccagtaa  

    17221 agcgctggct gctgaacccc cagccggaac tgaccccaca aggccctagc gtttgcaatg  

    17281 caccaggtca tcattgaccc aggcgtgttc caccaggccg ctgcctcgca actcttcgca  

    17341 ggcttcgccg acctgctcgc gccacttctt cacgcgggtg gaatccgatc cgcacatgag  

    17401 gcggaaggtt tccagcttga gcgggtacgg ctcccggtgc gagctgaaat agtcgaacat  

    17461 ccgtcgggcc gtcggcgaca gcttgcggta cttctcccat atgaatttcg tgtagtggtc  

    17521 gccagcaaac agcacgacga tttcctcgtc gatcaggacc tggcaacggg acgttttctt  

    17581 gccacggtcc aggacgcgga agcggtgcag cagcgacacc gattccaggt gcccaacgcg  

    17641 gtcggacgtg aagcccatcg ccgtcgcctg taggcgcgac aggcattcct cggccttcgt  

    17701 gtaataccgg ccattgatcg accagcccag gtcctggcaa agctcgtaga acgtgaaggt  

    17761 gatcggctcg ccgatagggg tgcgcttcgc gtactccaac acctgctgcc acaccagttc  

    17821 gtcatcgtcg gcccgcagct cgacgccggt gtaggtgatc ttcacgtcct tgttgacgtg  

    17881 gaaaatgacc ttgttttgca gcgcctcgcg cgggattttc ttgttgcgcg tggtgaacag  

    17941 ggcagagcgg gccgtgtcgt ttggcatcgc tcgcatcgtg tccggccacg gcgcaatatc  

    18001 gaacaaggaa agctgcattt ccttgatctg ctgcttcgtg tgtttcagca acgcggcctg  

    18061 cttggcctcg ctgacctgtt ttgccaggtc ctcgccggcg gtttttcgct tcttggtcgt  

    18121 catagttcct cgcgtgtcga tggtcatcga cttcgccaaa cctgccgcct cctgttcgag  

    18181 acgacgcgaa cgctccacgg cggccgatgg cgcgggcagg gcagggggag ccagttgcac  

    18241 gctgtcgcgc tcgatcttgg ccgtagcttg ctggaccatc gagccgacgg actggaaggt  

    18301 ttcgcggggc gcacgcatga cggtgcggct tgcgatggtt tcggcatcct cggcggaaaa  

    18361 ccccgcgtcg atcagttctt gcctgtatgc cttccggtca aacgtccgat tcattcaccc  

    18421 tccttgcggg attgccccga ctcacgccgg ggcaatgtgc ccttattcct gatttgaccc  

    18481 gcctggtgcc ttggtgtcca gataatccac cttatcggca atgaagtcgg tcccgtagac  

    18541 cgtctggccg tccttctcgt acttggtatt ccgaatcttg ccctgcacga ataccagctc  

    18601 cgcgaagtcg ctcttcttga tggagcgcat ggggacgtgc ttggcaatca cgcgcacccc  

    18661 ccggccgttt tagcggctaa aaaagtcatg gctctgccct cgggcggacc acgcccatca  

    18721 tgaccttgcc aagctcgtcc tgcttctctt cgatcttcgc cagcagggcg aggatcgtgg  

    18781 catcaccgaa ccgcgccgtg cgcgggtcgt cggtgagcca gagtttcagc aggccgccca  

    18841 ggcggcccag gtcgccattg atgcgggcca gctcgcggac gtgctcatag tccacgacgc  

    18901 ccgtgatttt gtagccctgg ccgacggcca gcaggtaggc cgacaggctc atgccggccg  

    18961 ccgccgcctt ttcctcaatc gctcttcgtt cgtctggaag gcagtacacc ttgataggtg  

    19021 ggctgccctt cctggttggg taatgactcc aacttattga tagtgtttta tgttcagata  

    19081 atgcccgatg actttgtcat gcagctccac cgattttgag aacgacagcg acttccgtcc  

    19141 cagccgtgcc aggtgctgcc tcagattcag gttatgccgc tcaattcgct gcgtatatcg  

    19201 cttgctgatt acgtgcagct ttcccttcag gcgggattca tacagcggcc agccatccgt  

    19261 catccatatc accacgtcaa agggtgacag caggctcata agacgcccca gcgtcgccat  

    19321 agtgcgttca ccgaatacgt gcgcaacaac cgtcttccgg agactgtcat acgcgtaaaa  

    19381 cagccagcgc tggcgcgatt tagccccgac atagccccac tgttcgtcca tttccgcgca  

    19441 gacgatgacg tcactgcccg gctgtatgcg cgaggttacc gactgcggcc tgagtttttt  

    19501 aagtgacgta aaatcgtgtt gaggccaacg cccataatgc gggctgttgc ccggcatcca  

    19561 acgccattca tggccatatc aatgattttc tggtgcgtac cgggttgaga agcggtgtaa  

    19621 gtgaactgca gttgccatgt tttacggcag tgagagcaga gatagcgctg atgtccggcg  

    19681 gtgcttttgc cgttacgcac caccccgtca gtagctgaac aggagggaca gctgatagaa  

    19741 acagaagcca ctggagcacc tcaaaaacac catcatacac taaatcagta agttggcagc  

    19801 atcacccctg gttggcttgg tttcatcagc catccgcttg ccctcatctg ttacgccggc  

    19861 ggtagccggc cagcctcgca gagcaggatt cccgttgagc accgccaggt gcgaataagg  

    19921 gacagtgaag aaggaacacc cgctcgcggg tgggcctact tcacctatcc tgcccggctg  

    19981 acgccgttgg atacaccaag gaaagtctac acgaaccctt tggcaaaatc ctgtatatcg  
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    20041 tgcgaaaaag gatggatata ccgaaaaaat cgctataatg accccgaagc agggttatgc  

    20101 agcggaaaag atccgtcgac atcgtcaacg ttcacttcta aagaaatagc gccactcagc  

    20161 ttcctcagcg gctttatcca gcgatttcct attatgtcgg catagttctc aagatcgaca  

    20221 gcctgtcacg gttaagcgag aaatgaataa gaaggctgat aattcggatc tctgcgaggg  

    20281 agatgatatt tgatcacagg cagcaacgct ctgtcatcgt tacaatcaac atgctaccct  

    20341 ccgcgagatc atccgtgttt caaacccggc agcttagttg ccgttcttcc gaatagcatc  

    20401 ggtaacatga gcaaagtctg ccgccttaca acggctctcc cgctgacgcc gtcccggact  

    20461 gatgggctgc ctgtatcgag tggtgatttt gtgccgagct gccggtcggg gagctgttgg  

    20521 ctggctggtg gcaggatata ttgtggtgta aacaaattga cgcttagaca acttaataac  

    20581 acattgcgga cgtttttaat gtactggggt ggtttttctt ttcaccagtg agacgggcaa  

    20641 cagctgattg cccttcaccg cctggaatta attcgatcta gtaacataga tgacaccgcg  

    20701 cgcgataatt tatcctagtt tgcgcgctat attttgtttt ctatcgcgta ttaaatgtat  

    20761 aattgcggga ctctaatcat aaaaacccat ctcataaata acgtcatgca ttacatgtta  

    20821 attattacat gcttaacgta attcaacaga aattatatga taatcatcgc aagaccggca  

    20881 acaggattca atcttaagaa actttattgc caaatgtttg aacgatctgc ttcgacgcac  

    20941 tccttcttta ctccaccatc tcgtccttat tgaaaacgtg ggtagcacca aaacgaatca  

    21001 agtcgctgga actgaagtta ccaatcacgc tggatgattt gccagttgga ttaatcttgc  

    21061 ctttccccgc atgaataata ttgatgaatg catgcgtgag gggtagttcg atgttggcaa  

    21121 tagctgcaat tgccgcgaca tcctccaacg agcataattc ttcagaaaaa tagcgatgtt  

    21181 ccatgttgtc agggcatgca tgatgcacgt tatgaggtga cggtgctagg cagtattccc  

    21241 tcaaagtttc atagtcagta tcatattcat cattgcattc ctgcaagaga gaattgagac  

    21301 gcaatccaca cgctgcggca accttccggc gttcgtggtc tatttgctct tggacgttgc  

    21361 aaacgtaagt gttggatcgg ggtgggcgaa gaactccagc atgagatccc cgcgctggag  

    21421 gatcatccag ccggcgtccc ggaaaacgat tccgaagccc aacctttcat agaaggcggc  

    21481 ggtggaatcg aaatctcgtg atggcaggtt gggcgtcgct tggtcggtca tttcgaaccc  

    21541 cagagtcccg ctcagaagaa ctcgtcaaga aggcgataga aggcgatgcg ctgcgaatcg  

    21601 ggagcggcga taccgtaaag cacgaggaag cggtcagccc attcgccgcc aagctcttca  

    21661 gcaatatcac gggtagccaa cgctatgtcc tgatagcggt ccgccacacc cagccggcca  

    21721 cagtcgatga atccagaaaa gcggccattt tccaccatga tattcggcaa gcaggcatcg  

    21781 ccatgggtca cgacgagatc ctcgccgtcg ggcatgcgcg ccttgagcct ggcgaacagt  

    21841 tcggctggcg cgagcccctg atgctcttcg tccagatcat cctgatcgac aagaccggct  

    21901 tccatccgag tacgtgctcg ctcgatgcga tgtttcgctt ggtggtcgaa tgggcaggta  

    21961 gccggatcaa gcgtatgcag ccgccgcatt gcatcagcca tgatggatac tttctcggca  

    22021 ggagcaaggt gagatgacag gagatcctgc cccggcactt cgcccaatag cagccagtcc  

    22081 cttcccgctt cagtgacaac gtcgagcaca gctgcgcaag gaacgcccgt cgtggccagc  

    22141 cacgatagcc gcgctgcctc gtcctgcagt tcattcaggg caccggacag gtcggtcttg  

    22201 acaaaaagaa ccgggcgccc ctgcgctgac agccggaaca cggcggcatc agagcagccg  

    22261 attgtctgtt gtgcccagtc atagccgaat agcctctcca cccaagcggc cggagaacct  

    22321 gcccggatcc gggcggaaat aggtaaagaa gttgcggata aggtaattgc cattgcagat  

    22381 tatttggatt gagagtgaat atgagactct aattggatac cgaggggaat ttatggaacg  

    22441 tcagtggagc atttttgaca agaaatattt gctagctgat agtgacctta ggcgactttt  

    22501 gaacgcgcaa taatggtttc tgacgtatgt gcttagctca ttaaactcca gaaacccatt  

    22561 aacgtttaca atttccattc gccattcagg ctgcgcaact gttgggaagg gcgatcggtg  

    22621 cgggcctctt cgctattacg ccagctggcg aaagggggat gtgctgcaag gcgattaagt  

    22681 tgggtaacgc cagggttttc ccagtcacga cgttgtaaaa cgacggccag tgaattgtaa  

    22741 tacgactcac tatagggcga attgggcccg acgtcgcatg ctcccggccg ccatggccgc  

    22801 gggatatcac tagtgc  
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(a) 

 

attB1-MCS-EASE virtual: 225 » 404

F72155.UNT-1-CP1: 1 » 872

F71070.UNT-1-CP2: 406 « 1121 (complementary)

F70951.UNT-3-CP2: 457 « 1370 (complementary)

FLP recombinase PCR (NcoI/BamHI - EcoRImut): 406 » 1676

F70951.UNT-3-CP1: 896 » 1859

F71070.UNT-1-CP1: 1196 » 2096

1 500 1000 1500 2000

 
 

(b) 

E A SE -FLP  (c ont ig 1 )

2096 bp

FLP

MCS-EASE

BamHI (1680)

EcoRI (272)

HindIII  (1261)

NcoI (400)

PstI  (261)

KpnI (270)

SbfI  (261)

C laI  (294)

C laI  (1123)

 
 

Figure 38: Sequence analysis data and sequence map of the EASE-FLP cassette. (a) Contig 

assembly of the sequenced fragments. (b) Annotated sequence map of the EASE-FLP contig 

assembly.
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(a) 

F72440.UNT-1-CP3: 1 » 889

F72440.UNT-1-CP2: 394 « 1197 (complementary)

Copy of pPZP LB Gent PCR (NTI) (c): 223 » 1542

F72440.UNT-1-CP1: 865 « 1759 (complementary)

1 500 1000 1500

 
 

 

(b) 

 

aac C 1  c as s ette (c ontig 2 )

1759 bp

aacC1 LB

CaMV 35Sp

KasI  (184)

KasI  (1612)NarI  (185)

NarI  (1613)

 
 

Figure 39: Sequence analysis data and sequence map of the aacC1 cassette. (a) Contig assembly 

of the sequenced fragments. (b) Annotated sequence map of the aacC1 contig assembly. Position 

of mismatches in the contig sequence relative to the virtual sequence: (1) Position 629-631: 

Outside ORF of the aacC1 gene; not important, (2) Position 946: G�A substitution resulting in 

Arg�Lys change (not significant), and (3) Position 1198-1220: Outside ORF of aacC1 gene; not 

important. 
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pCAM-Gent-EASE-FLP

9274 bp

aacC1

aadA

FLP recombinase

EASE

EASE-FLP (contig 1)

aacC1 cassette (contig 2)

synthetic fragment

pBR322 bom

pVS1 STA

T-DNA RB

MCS

attB1

nos PolyA

T-DNA LB

CaMV 35Sp

CaMV 35Sp -45

pBR322 Ori

pVS1 REP

Kpn I (5667)

Bcl I (4469)

Pst I (5676)

Sbf I (5676)

Eco RI (5657)

Nco I (5529)

Nco I (8316)

KasI (1)

KasI (7847)

Nar I (2)

Nar I (7848)

Bgl II (8301)

Bgl II (8631)

 
 

 

 

Figure 40: Vector map of pCAM-Gent-EASE-FLP constructed with the sequence analysed 

components and showing restriction sites used for cloning.  
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LOCUS       pCAM-Gent-EASE-F        9274 bp    DNA     circular     14-OCT-

2007 

DEFINITION  Construction option #4 of pCAM-Gent-EASE-FLP 1. 

SOURCE       

  ORGANISM   

COMMENT     This file is created by Vector NTI 

            http://www.invitrogen.com/ 

COMMENT     VNTDATE|460214798| 

COMMENT     VNTDBDATE|460215692| 

COMMENT     LSOWNER| 

COMMENT     VNTNAME|pCAM-Gent-EASE-FLP| 

COMMENT     VNTAUTHORNAME|Demo User| 

FEATURES             Location/Qualifiers 

     misc_feature    complement(9178..9203) 

                     /vntifkey="21" 

                     /label=T-DNA\LB 

                     /note="Left border T-DNA repeat" 

     promoter        7907..8156 

                     /vntifkey="29" 

                     /label=CaMV\35Sp 

     CDS             8317..8850 

                     /vntifkey="4" 

                     /label=aacC1 

     insertion_seq   complement(5534..5702) 

                     /vntifkey="14" 

                     /label=synthetic\fragment 

                     /note="PCR generated synthetic fragment . Correct 

sequence established by sequence analysis." 

     CDS             5895..6689 

                     /codon_start=1 

                     /product="aminoglycoside phosphotransferase" 

                     /protein_id="AAF65320.1" 

                     /db_xref="GI:7638044" 

                     /vntifkey="4" 

                     /label=aadA 

                     /note="aadA (kanamycin resistance) gene amplified from 

pIG121Hm" 

     rep_origin      6980..7260 

                     /vntifkey="33" 

                     /label=pBR322\Ori 

                     /note="pBR322 origin of replication" 

     misc_feature    7400..7660 

                     /vntifkey="21" 

                     /label=pBR322\bom 

                     /note="bom site from pBR322" 

     rep_origin      224..1224 

                     /vntifkey="33" 

                     /label=pVS1\REP 

                     /note="pVS1-REP; replication origin from pVS1" 

     misc_feature    1817..2817 

                     /vntifkey="21" 

                     /label=pVS1\STA 

                     /note="STA region from pVS1 plasmid" 

     misc_feature    complement(3858..3883) 

                     /vntifkey="21" 

                     /label=T-DNA\RB 
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                     /note="right border T-DNA repeat" 

     misc_feature    complement(3921..4173) 

                     /vntifkey="21" 

                     /label=nos\PolyA 

                     /note="nos (nopaline synthase) 3'UTR (polyA signal)" 

     promoter        complement(5534..5578) 

                     /vntifkey="29" 

                     /label=CaMV\35Sp\-45 

     misc_feature    complement(5656..5677) 

                     /vntifkey="21" 

                     /label=MCS 

     enhancer        complement(5579..5655) 

                     /vntifkey="9" 

                     /label=EASE 

                     /note="PCR generated synthetic fragment. Correct 

sequence established by sequence analysis. " 

     misc_feature    complement(5678..5702) 

                     /vntifkey="21" 

                     /label=attB1 

     CDS             complement(4254..5525) 

                     /vntifkey="4" 

                     /label=FLP\recombinase 

                     /note="PCR amplified FLP gene from HSP-FLP plasmid. 

Correct sequence established by sequence analysis." 

     insertion_seq   7847..9274 

                     /vntifkey="14" 

                     /label=aacC1\cassette\(contig\2) 

                     /note="PCR cloned aacC1 cassette. Correct sequence 

established by sequence analysis." 

     insertion_seq   4254..5702 

                     /vntifkey="14" 

                     /label=EASE-FLP\(contig\1) 

BASE COUNT     2126 a      2405 c      2357 g      2386 t  

ORIGIN 

        1 gcgccggcgg tcgagtggcg acggcgcggc ttgtccgcgc cctggtagat tgcctggccg  

       61 taggccagcc atttttgagc ggccagcggc cgcgataggc cgacgcgaag cggcggggcg  

      121 tagggagcgc agcgaccgaa gggtaggcgc tttttgcagc tcttcggctg tgcgctggcc  

      181 agacagttat gcacaggcca ggcgggtttt aagagtttta ataagtttta aagagtttta  

      241 ggcggaaaaa tcgccttttt tctcttttat atcagtcact tacatgtgtg accggttccc  

      301 aatgtacggc tttgggttcc caatgtacgg gttccggttc ccaatgtacg gctttgggtt  

      361 cccaatgtac gtgctatcca caggaaagag accttttcga cctttttccc ctgctagggc  

      421 aatttgccct agcatctgct ccgtacatta ggaaccggcg gatgcttcgc cctcgatcag  

      481 gttgcggtag cgcatgacta ggatcgggcc agcctgcccc gcctcctcct tcaaatcgta  

      541 ctccggcagg tcatttgacc cgatcagctt gcgcacggtg aaacagaact tcttgaactc  

      601 tccggcgctg ccactgcgtt cgtagatcgt cttgaacaac catctggctt ctgccttgcc  

      661 tgcggcgcgg cgtgccaggc ggtagagaaa acggccgatg ccgggatcga tcaaaaagta  

      721 atcggggtga accgtcagca cgtccgggtt cttgccttct gtgatctcgc ggtacatcca  

      781 atcagctagc tcgatctcga tgtactccgg ccgcccggtt tcgctcttta cgatcttgta  

      841 gcggctaatc aaggcttcac cctcggatac cgtcaccagg cggccgttct tggccttctt  

      901 cgtacgctgc atggcaacgt gcgtggtgtt taaccgaatg caggtttcta ccaggtcgtc  

      961 tttctgcttt ccgccatcgg ctcgccggca gaacttgagt acgtccgcaa cgtgtggacg  

     1021 gaacacgcgg ccgggcttgt ctcccttccc ttcccggtat cggttcatgg attcggttag  

     1081 atgggaaacc gccatcagta ccaggtcgta atcccacaca ctggccatgc cggccggccc  

     1141 tgcggaaacc tctacgtgcc cgtctggaag ctcgtagcgg atcacctcgc cagctcgtcg  

     1201 gtcacgcttc gacagacgga aaacggccac gtccatgatg ctgcgactat cgcgggtgcc  

     1261 cacgtcatag agcatcggaa cgaaaaaatc tggttgctcg tcgcccttgg gcggcttcct  

     1321 aatcgacggc gcaccggctg ccggcggttg ccgggattct ttgcggattc gatcagcggc  
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     1381 cgcttgccac gattcaccgg ggcgtgcttc tgcctcgatg cgttgccgct gggcggcctg  

     1441 cgcggccttc aacttctcca ccaggtcatc acccagcgcc gcgccgattt gtaccgggcc  

     1501 ggatggtttg cgaccgtcac gccgattcct cgggcttggg ggttccagtg ccattgcagg  

     1561 gccggcagac aacccagccg cttacgcctg gccaaccgcc cgttcctcca cacatggggc  

     1621 attccacggc gtcggtgcct ggttgttctt gattttccat gccgcctcct ttagccgcta  

     1681 aaattcatct actcatttat tcatttgctc atttactctg gtagctgcgc gatgtattca  

     1741 gatagcagct cggtaatggt cttgccttgg cgtaccgcgt acatcttcag cttggtgtga  

     1801 tcctccgccg gcaactgaaa gttgacccgc ttcatggctg gcgtgtctgc caggctggcc  

     1861 aacgttgcag ccttgctgct gcgtgcgctc ggacggccgg cacttagcgt gtttgtgctt  

     1921 ttgctcattt tctctttacc tcattaactc aaatgagttt tgatttaatt tcagcggcca  

     1981 gcgcctggac ctcgcgggca gcgtcgccct cgggttctga ttcaagaacg gttgtgccgg  

     2041 cggcggcagt gcctgggtag ctcacgcgct gcgtgatacg ggactcaaga atgggcagct  

     2101 cgtacccggc cagcgcctcg gcaacctcac cgccgatgcg cgtgcctttg atcgcccgcg  

     2161 acacgacaaa ggccgcttgt agccttccat ccgtgacctc aatgcgctgc ttaaccagct  

     2221 ccaccaggtc ggcggtggcc catatgtcgt aagggcttgg ctgcaccgga atcagcacga  

     2281 agtcggctgc cttgatcgcg gacacagcca agtccgccgc ctggggcgct ccgtcgatca  

     2341 ctacgaagtc gcgccggccg atggccttca cgtcgcggtc aatcgtcggg cggtcgatgc  

     2401 cgacaacggt tagcggttga tcttcccgca cggccgccca atcgcgggca ctgccctggg  

     2461 gatcggaatc gactaacaga acatcggccc cggcgagttg cagggcgcgg gctagatggg  

     2521 ttgcgatggt cgtcttgcct gacccgcctt tctggttaag tacagcgata accttcatgc  

     2581 gttccccttg cgtatttgtt tatttactca tcgcatcata tacgcagcga ccgcatgacg  

     2641 caagctgttt tactcaaata cacatcacct ttttagacgg cggcgctcgg tttcttcagc  

     2701 ggccaagctg gccggccagg ccgccagctt ggcatcagac aaaccggcca ggatttcatg  

     2761 cagccgcacg gttgagacgt gcgcgggcgg ctcgaacacg tacccggccg cgatcatctc  

     2821 cgcctcgatc tcttcggtaa tgaaaaacgg ttcgtcctgg ccgtcctggt gcggtttcat  

     2881 gcttgttcct cttggcgttc attctcggcg gccgccaggg cgtcggcctc ggtcaatgcg  

     2941 tcctcacgga aggcaccgcg ccgcctggcc tcggtgggcg tcacttcctc gctgcgctca  

     3001 agtgcgcggt acagggtcga gcgatgcacg ccaagcagtg cagccgcctc tttcacggtg  

     3061 cggccttcct ggtcgatcag ctcgcgggcg tgcgcgatct gtgccggggt gagggtaggg  

     3121 cgggggccaa acttcacgcc tcgggccttg gcggcctcgc gcccgctccg ggtgcggtcg  

     3181 atgattaggg aacgctcgaa ctcggcaatg ccggcgaaca cggtcaacac catgcggccg  

     3241 gccggcgtgg tggtgtcggc ccacggctct gccaggctac gcaggcccgc gccggcctcc  

     3301 tggatgcgct cggcaatgtc cagtaggtcg cgggtgctgc gggccaggcg gtctagcctg  

     3361 gtcactgtca caacgtcgcc agggcgtagg tggtcaagca tcctggccag ctccgggcgg  

     3421 tcgcgcctgg tgccggtgat cttctcggaa aacagcttgg tgcagccggc cgcgtgcagt  

     3481 tcggcccgtt ggttggtcaa gtcctggtcg tcggtgctga cgcgggcata gcccagcagg  

     3541 ccagcggcgg cgctcttgtt catggcgtaa tgtctccggt tctagtcgca agtattctac  

     3601 tttatgcgac taaaacacgc gacaagaaaa cgccaggaaa agggcagggc ggcagcctgt  

     3661 cgcgtaactt aggacttgtg cgacatgtcg ttttcagaag acggctgcac tgaacgtcag  

     3721 aagccgactg cactatagca gcggaggggt tggatcaaag tactttgatc ccgaggggaa  

     3781 ccctgtggtt ggcatgcaca tacaaatgga cgaacggata aaccttttca cgccctttta  

     3841 aatatccgtt attctaataa acgctctttt ctcttaggtt tacccgccaa tatatcctgt  

     3901 caaacactga tagtttaatt cccgatctag taacatagat gacaccgcgc gcgataattt  

     3961 atcctagttt gcgcgctata ttttgttttc tatcgcgtat taaatgtata attgcgggac  

     4021 tctaatcata aaaacccatc tcataaataa cgtcatgcat tacatgttaa ttattacatg  

     4081 cttaacgtaa ttcaacagaa attatatgat aatcatcgca agaccggcaa caggattcaa  

     4141 tcttaagaaa ctttattgcc aaatgtttga acgatcgggg aaattcgagc tggtcacctg  

     4201 taattcacac gtggtggtgg tggtggtggc tagcgttaac actagtcaga tccttatatg  

     4261 cgtctattta tgtaggatga aaggtagtct agtacctcct gtgatattat cccattccat  

     4321 gcggggtatc gtatgcttcc ttcagcacta ccctttagct gttctatatg ctgccactcc  

     4381 tcaattggat tagtctcatc cttcaatgct atcatttcct ttgatattgg atcatatgca  

     4441 tagtaccgag aaactagtgc gaagtagtga tcaggtattg ctgttatctg atgagtatac  

     4501 gttgtcctgg ccacggcaga agcacgctta tcgctccaat ttcccacaac attagtcaac  

     4561 tccgttaggc ccttcattga aagaaatgag gtcatcaaat gtcttccaat gtgagatttt  

     4621 gggccatttt ttatagcaaa gattgaataa ggcgcatttt tcttcaaagc tttattgtac  

     4681 gatctgacta agttatcttt taataattgg tattcctgtt tattgcttga agaattgccg  

     4741 gtcctattta ctcgttttag gactggttca gagttcctca aaaattcatc caaatataca  
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     4801 agtggatcga tcctacccct tgcgctaaag aagtatatgt gcctactaac gcttgtcttt  

     4861 gtctctgtca ctaaacactg gattattact cccagatact tattttggac taatttaaat  

     4921 gatttcggat caacgttctt aatatcgctg aatcttccac aattgatgaa agtagctagg  

     4981 aagaggaatt ggtataaagt ttttgttttt gtaaatctcg aagtatactc aaacgaattt  

     5041 agtattttct cagtgatctc ccagatgctt tcaccctcac ttagaagtgc tttaagcatt  

     5101 tttttactgt ggctatttcc cttatctgct tcttccgatg attcgaactg taattgcaaa  

     5161 ctacttacaa tatcagtgat atcagattga tgtttttgtc catagtaagg aataattgta  

     5221 aattcccaag caggaatcaa tttctttaat gaggcttcca gaattgttgc tttttgcgtc  

     5281 ttgtatttaa actggagtga tttattgaca atatcgaaac tcagcgaatt gcttatgata  

     5341 gtattatagc tcatgaatgt ggctctcttg attgctgttc cgttatgtgt aatcatccaa  

     5401 cataaatagg ttagttcagc agcacataat gctattttct cacctgaagg tctttcaaac  

     5461 ctttccacaa actgacgaac aagcacctta ggtggtgttt tacataatat accaaattgt  

     5521 ggcatagcca tggctctcca aatgaaatga acttccttat atagaggagg gtcttgcggc  

     5581 cttaatatca tacgaaagag aatatatcat gcggttactt tttttaataa cgttatcgat  

     5641 atatttgcat cgtgggaatt cggtaccgac ctgcaggagc ctgctttttt gtacaaactt  

     5701 gtagatcacc gcggtttcaa aatcggctcc gtcgatacta tgttatacgc caactttgaa  

     5761 aacaactttg aaaaagctgt tttctggtat ttaaggtttt agaatgcaag gaacagtgaa  

     5821 ttggagttcg tcttgttata attagcttct tggggtatct ttaaatactg tagaaaagag  

     5881 gaaggaaata ataaatggct aaaatgagaa tatcaccgga attgaaaaaa ctgatcgaaa  

     5941 aataccgctg cgtaaaagat acggaaggaa tgtctcctgc taaggtatat aagctggtgg  

     6001 gagaaaatga aaacctatat ttaaaaatga cggacagccg gtataaaggg accacctatg  

     6061 atgtggaacg ggaaaaggac atgatgctat ggctggaagg aaagctgcct gttccaaagg  

     6121 tcctgcactt tgaacggcat gatggctgga gcaatctgct catgagtgag gccgatggcg  

     6181 tcctttgctc ggaagagtat gaagatgaac aaagccctga aaagattatc gagctgtatg  

     6241 cggagtgcat caggctcttt cactccatcg acatatcgga ttgtccctat acgaatagct  

     6301 tagacagccg cttagccgaa ttggattact tactgaataa cgatctggcc gatgtggatt  

     6361 gcgaaaactg ggaagaagac actccattta aagatccgcg cgagctgtat gattttttaa  

     6421 agacggaaaa gcccgaagag gaacttgtct tttcccacgg cgacctggga gacagcaaca  

     6481 tctttgtgaa agatggcaaa gtaagtggct ttattgatct tgggagaagc ggcagggcgg  

     6541 acaagtggta tgacattgcc ttctgcgtcc ggtcgatcag ggaggatatc ggggaagaac  

     6601 agtatgtcga gctatttttt gacttactgg ggatcaagcc tgattgggag aaaataaaat  

     6661 attatatttt actggatgaa ttgttttagt acctagaatg catgaccaaa atcccttaac  

     6721 gtgagttttc gttccactga gcgtcagacc ccgtagaaaa gatcaaagga tcttcttgag  

     6781 atcctttttt tctgcgcgta atctgctgct tgcaaacaaa aaaaccaccg ctaccagcgg  

     6841 tggtttgttt gccggatcaa gagctaccaa ctctttttcc gaaggtaact ggcttcagca  

     6901 gagcgcagat accaaatact gtccttctag tgtagccgta gttaggccac cacttcaaga  

     6961 actctgtagc accgcctaca tacctcgctc tgctaatcct gttaccagtg gctgctgcca  

     7021 gtggcgataa gtcgtgtctt accgggttgg actcaagacg atagttaccg gataaggcgc  

     7081 agcggtcggg ctgaacgggg ggttcgtgca cacagcccag cttggagcga acgacctaca  

     7141 ccgaactgag atacctacag cgtgagctat gagaaagcgc cacgcttccc gaagggagaa  

     7201 aggcggacag gtatccggta agcggcaggg tcggaacagg agagcgcacg agggagcttc  

     7261 cagggggaaa cgcctggtat ctttatagtc ctgtcgggtt tcgccacctc tgacttgagc  

     7321 gtcgattttt gtgatgctcg tcaggggggc ggagcctatg gaaaaacgcc agcaacgcgg  

     7381 cctttttacg gttcctggcc ttttgctggc cttttgctca catgttcttt cctgcgttat  

     7441 cccctgattc tgtggataac cgtattaccg cctttgagtg agctgatacc gctcgccgca  

     7501 gccgaacgac cgagcgcagc gagtcagtga gcgaggaagc ggaagagcgc ctgatgcggt  

     7561 attttctcct tacgcatctg tgcggtattt cacaccgcat atggtgcact ctcagtacaa  

     7621 tctgctctga tgccgcatag ttaagccagt atacactccg ctatcgctac gtgactgggt  

     7681 catggctgcg ccccgacacc cgccaacacc cgctgacgcg ccctgacggg cttgtctgct  

     7741 cccggcatcc gcttacagac aagctgtgac cgtctccggg agctgcatgt gtcagaggtt  

     7801 ttcaccgtca tcaccgaaac gcgcgaggca gggtgccttg atgtgggcgc cataacttcg  

     7861 tataatgtat gctatacgaa gttatgaaga ccaaagggct attgagactt ttcaacaaag  

     7921 ggtaatatcg ggaaacctcc tcggattcca ttgcccagct atctgtcact tcatcaaaag  

     7981 gacagtagaa aaggaaggtg gcacctacaa atgccatcat tgcgataaag gaaaggctat  

     8041 cgttcaagat gcctctgccg acagtggtcc caaagatgga cccccaccca cgaggagcat  

     8101 cgtggaaaaa gaagacgttc caaccacgtc ttcaaagcaa gtggattgat gtgatatctc  

     8161 cactgacgta agggatgacg cacaatccca ctatccttcg caagaccctt cctctatata  
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     8221 aggaagttca tttcatttgg agaggacacg ctgaaatcac cagtctctct ctacaaatct  

     8281 atctctctcg agctttcgca gatctgtcga tcgaccatgg tacgcagcag caacgatgtt  

     8341 acgcagcagg gcagtcgccc taaaacaaag ttaggtggct caagtatggg catcattcgc  

     8401 acatgtaggc tcggccctga ccaagtcaaa tccatgcggg ctgctcttga tcttttcggt  

     8461 cgtgagttcg gagacgtagc cacctactcc caacatcagc cggactccga ttacctcggg  

     8521 aacttgctcc gtagtaagac attcatcgcg cttgctgcct tcgaccaaga agcggttgtt  

     8581 ggcgctctcg cggcttacgt tctgcccaag tttgagcagc cgcgtagtga gatctatatc  

     8641 tatgatctcg cagtctccgg cgagcaccgg aggcagggca ttgccaccgc gctcatcaat  

     8701 ctcctcaagc atgaggccaa cgcgcttggt gcttatgtga tctacgtgca agcagattac  

     8761 ggtgacgatc ccgcagtggc tctctataca aagttgggca tacgggaaga agtgatgcac  

     8821 tttgatatcg acccaagtac cgccacctaa caattcgttc aagccgagat cggcttcccg  

     8881 gcctagagtc gatcgacaag ctcgagtttc tccataataa tgtgtgagta gttcccagat  

     8941 aagggaatta gggttcctat agggtttcgc tcatgtgttg agcatataag aaacccttag  

     9001 tatgtatttg tatttgtaaa atacttctat caataaaatt tctaattcct aaaaccaaaa  

     9061 tccagtacta aaatccagat cacctaaagt ccctatagat cccccgaatt aattcggcgt  

     9121 taattcagta cattaaaaac gtccgcaatg tgttattaag ttgtctaagc gtcaatttgt  

     9181 ttacaccaca atatatcctg ccaccagcca gccaacagct ccccgaccgg cagctcggca  

     9241 caaaatcacc actcgataca ggcagcccca tcag  
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PLANT LINES AND VECTOR T-DNAs 
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Plant Line  

 

Genotype 

(AtSUC2 T-DNA) 

 

Vector/T-DNA 

 

SG 22-6 

 

SG 22-7 

 

SG 32-22 

 

SG 32-23 

 

SG 22-7-CoYMV-01 

 

 

 

SG 22-7-RolC-03 

 

 

SG 22-7-GAS-04 

 

 

SG 22-7-Empty-05 

 

 

SG 22-7-SUC2-06 

 

 

SGSALK-SUC2-07 

 

Homozygous 

 

Homozygous 

 

Homozygous 

 

Homozygous 

 

Homozygous 

 

 

 

Homozygous 

 

 

Homozygous 

 

 

Homozygous 

 

 

Homozygous 

 

 

Heterozygous 

segregating 

 

pART-P450-ecSUC2-BAR 

 

pART-P450-ecSUC2-BAR 

 

pART-P450-ecSUC2-BAR 

 

  pART-P450-ecSUC2-BAR 

 

SG 22-7 parent floral-dipped with 

pCAM-Gent-CoYMVpSUC2-EASE-

FLP 

 

SG 22-7 parent floral-dipped with 

pCAM-Gent-RolCpSUC2-EASE-FLP 

 

SG 22-7 parent floral-dipped with 

pCAM-Gent-GASpSUC2-EASE-FLP 

 

SG 22-7 parent floral-dipped with 

pCAM-Gent-EASE-FLP 

 

SG 22-7 parent floral-dipped with 

pCAM-Gent-SUC2pSUC2-EASE-FLP 

 

SALK_038124 heterozygotes floral-

dipped with pCAM-Gent-

SUC2pSUC2-EASE-FLP 
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