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ABSTRACT 

Agrobacterium vitis is the causal organism of crown gall in grapevine. 

Infection is particularly severe in areas that experience winter damage to the 

vine. Improving resistance to A. vitis will require a detailed knowledge about this 

organism. 

In this study, 18 grapevine isolates of A. wY/s were obtained from different 

vineyards around Lubbock, Texas. Isolates were subjected to a phenotypic 

characterization using several biochemical tests. Isolates were also evaluated 

for host range, tumor morphology and opine utilization and the oncogenic regions 

of the T-DNA were compared at the molecular level by Southern hybridzation. 

Although all isolates were able to metabolize tartarte and grow on Roy-sasser 

media, there was high variability based on other biochemical tests. This 

variability was also observed in terms of tumor morphology and opine utilization. 

Southern hybridization analysis, however, showed that the oncogenic regions of 

A. vitis isolates have strong homology with previously characterized 

Agrobacterium T-DNA genes. This study suggests that the local isolates were 

probably of clonal origin. 

Tobacco was used as a model to test whether transgenic plants wit T-

DNA auxin biosynthetic genes in an antisense orientation would block tumor 

morphology. The expression of iaaM antisense RNA resulted in an 

approximately 45% reduction in the number of tumors. The iaaM antisense also 
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affected tumor morphology by reducing gall size. Plants expressing iaaH 

antisense had fewer tumors than the control, but more than 60% of samples 

formed roots when infected with Agrobacterium. The incomplete suppression of 

tumor formation may be due to the presence of other loci on the T-DNA that are 

also involved in auxin biosynthesis. Although a complete inhibition of 

tumorgenesis was not achieved, the fact that both tumor frequency and 

morphology changed, indicated that further manipulation of phytohormone genes 

using antisense technology may result in complete resistance to Agrobacterium 

tumefaciens species in transgenic plants. 
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CHAPTER I 

LITERATURE REVIEW 

1.1 Historical overview of Aarobacter/tvm-plant interaction 

Crown gall is a plant disease characterized by a tumor growth. The term 

gall refers to tumorous neoplastic growth of plant tissue occurring at a wound site 

on the plant and crown signifies that galls were often observed at the base of the 

plant stem. The first reported occurrence of crown gall was in Europe in the mid 

1800's (Owens, 1928). The causative agent of the disease remained unknown 

untill Cavara (1897) showed that crown gall in grape is induced by a bacterium. 

However, some other reports implicated fungi as the cause of the disease 

(Toumy, 1900). It was in 1907, that Smith and Townsend presented evidence 

that the causative agent of crown gall was a bacterium. This bacterium was 

called Agrobacterium tumefaciens (Smith and Townsend) Conn. It is a soil-

inhabiting. Gram-negative rod-shaped bacterium with a wide range of hosts 

among higher plants including many dicotyledonous plants and some non-

graminaceous monocots (Suseelan et al., 1987; Grimsley, 1990). One study 

estimated that at least 600 plant species from 331 genera are susceptible to 

infection by A. tumefaciens (DeCleene and DeLey, 1976). Because of its broad 

host range, crown gall is a world-wide problem. 

This disease attacks nursery stocks, young plantings, and mature trees, 

shrubs and lianas leading to serious economic losses. The annual financial 



losses due to crown gall in the U.S. were last estimated to be $23 million on fruits 

and nuts alone (Kennedy and Alcron, 1980). With the increased acreages of fruit 

and nuts crops during last two decades, the economical losses due to crown gall 

are probably higher than the previous estimation. 

Agrobacterium tumefaciens induces tumorous growth after attachment 

and invasion at the wound site of a sensitive host. Once formed, tumor tissue 

retains its phenotype even in the absence of the inciting bacteria. Tumor can be 

maintained indefinitely in an axenic culture (White and Braun, 1941; Braun, 

1958). Biochemical studies revealed the existence of a unique nitrogenous 

substance in the tumor tissue (Liorel, 1956; Morel, 1956). Later, these 

compounds were identified as unusual amino acids and named "opines" (Petit et 

al., 1970). In 1969, Kerr isolated a virulent biovar 1 strain from galls that were 

induced by a mixed culture of an avirulent biovar 1 strain and virulent biovar 2 

strain. This finding not only eliminated virulence as a basis for Agrobacterium 

classification but also clearly implicated the virulence factor as a mobile entity. In 

a search to determine the genetic basis of Agrobacterium virulence, Braun 

(1959) suggested that a cytoplasmic entity or particle could be responsible for the 

virulence and that this entity may or may not be under chromosomal control. 

Later on, researchers from different laboratories found that a large plasmid was 

required for virulence and this plasmid was denoted Ti plasmid for tumor-

inducing plasmid (Van larebeke et al., 1974; Watson et al., 1975; Zaenen et al., 

1974;). 



The discovery of the TI plasmid was a very important event in determining 

the mechanisms of Agrobacterium infection. It also triggered a cascade of 

questions and hence more advances. In 1977, Chilton and co-workers provided 

evidence that the Ti plasmid is the virulence factor. In their experiments, they 

detected hybridization between Ti palsmid DNA and DNA isolated from axenic 

gall tissue. Later studies showed that tumorous tissue contains a fragment of the 

Ti plasmid, called the transferred DNA (T-DNA) (Chilton et al., 1980; Yadav et al., 

1980). Among the genes that reside on the T-DNA are genes coding for auxin 

and cytokinin biosynthesis (Akiyoshi et al., 1984; Thomashow et al., 1984). The 

expression of these genes induces a hormonal unbalance, which causes 

uncontrolled cell growth. The other major T-DNA genes code for opines (Guyon 

et al., 1980). The catabolism of opines is limited to the inciting bacteria, giving it 

a survival advantage. 

The Agrobacterium -plant interaction is a very unique system. It provides 

the opportunity to manipulate the genome of many plants. These advances 

contributed tremendously in the birth of a new field, plant genetic engineering, 

which relies upon transgenic plants. One of the remarkable implications of this 

field is the birth of a new industry, plant biotechnology. This industry is 

revolutionizing the way crop improvement is achieved. 

Agrobacterium also provides a model system for other plant host-

pathogen interactions. Por example, iaaM and iaaH genes of Pseudomonas 

syringae pv. Savastanoi are highly similar to the auxin biosynthesis genes of 



Agrobacterium (Yamada et al., 1985). Agrobacterium tumefaciens and human 

rickettsial pathogen Rochalimaea quintana share 93% sequence identity in their 

16S ribosomal RNA's. They also share a striking similarities in the way they 

interact with their hosts (Weisburg et al., 1985). 

1.2 Agrobacterium vitis 

The genus Agrobacterium belongs to the alpha subdivision of the class 

Proteobacteria. It is a member of the Rhizobiaceae family and it is closely 

related to the Rhizobium, Phyllobacterium and rickettsiae (Holmes and Robert, 

1981; Moore at al., 1988; Young and Citosvsky, 1991). Ochman and Wilson 

(1987) reported that the divergence between Agrobactrerium and Rhizobium took 

place approximately 250 million years ago. Strains of A. tumefaciens have been 

divided into three biovars based on selected physiological and biochemical 

characteristics. Biovar 3 was originally identified when Panagoupoulos isolated 

Agrobacterium strains responsible for crown gall on grapevines in Greece 

(Panagoupoulos and Psallidas, 1973). Some of the isolates were identified as 

neither biotype 1 or 2. Later the new isolates were called biovar 3 (Kerr and 

Panagoupoulos, 1977). Because of the strong association between biovar 3 and 

grapevines, Ophel and Kerr (1990) renamed biovar 3 as Agrobacterium vitis. 

Agrobacterium is divided into five species based on their Ti plasmid 

characteristics, A. tumefaciens, A. radiobacter, A. rhizogenes, A. rubi, and A. vitis 

(Often et al., 1992). One of the unique characteristics of A. vitis is its ability to 



produce endo-polygalacturonase and p-1,4-endoglucanase enzymes (Bishop et 

al., 1988; Ophel and Kerr, 1990) and its limited host range (Burr and Khatz, 

1983). Kerr and Pangopoulos (1977) first described A. vitis from grapevine and 

reported that these strains could only infect a limited number of hosts. Most A. 

vitis strains are naturally limited to grapevines, whereas most of the other strains 

have a wide host range (Anderson and Moore, 1979). There are several 

biochemical tests used to separate between various biotypes. These are 

chromosomally encoded traits. A. vitis can be distinguished by its ability to use 

tartrate, citrate and malonate; the inability to use erythritol, melezitose, propionic 

acid, and mucic acid; a negative 3-ketolactose reaction and ability to grow in 2% 

NaCI (Moore et al., 1988). A. vitis can also be effectively distinguished from 

biovar 2 strains because of its growth on potato medium supplied with 0.08% 

calcium carbonate (Bouzar and Jones, 1992). 

Unlike other Agrobacterium species A. vitis can grow on tartrate. 

Grapevines are known to contain high levels of tartrate (Ruffner, 1982). Szegedi 

(1985) was able to distinguish A. vitis from other Agrobacterium strains by their 

tartrate utilization properties. Tartrate utilization may represent an adaptation to 

grow in grape tissue. This gives a survival advantage to A. vitis over other 

strains. This can also implicate tartrate's role in the narrow natural host range of 

A. vitis. Early work has demonstrated that the tartrate-utilizing capacity is 

encoded by a plasmid (Gallie et al., 1984). In 1992 Szegedi and co-workers 

found that several A. vitis strains contain a large plasmid encoding tartrate 



utilization, as shown by transfer to A. tumefaciens recipient strain UBAPP2 by 

conjugation. However, a recent study showed that in limited-host-range strains 

with a small T-DNA A region (small TA) of A. vitis such as AB3, the tartrate 

utilization is under two functional tartrate utilization (TAR) regions. One is on a 

cryptic plasmid (pTr) and the other is on the pTi plasmid (Often et al., 1995). 

Recently. Dr. Otten's group in Strasbourg, Prance, has functionally characterized 

the TAR regions. They found that each TAR region codes for the following 

factors: a regulatory LysR-like protein, a tartrate permease, a tartrate 

dehydrogenase (TDH), a potential reducatase which may catalyze the second 

tartrate degradation step, and a pyruvate kinase required for optimal grov^h on 

tartrate. Another TDH copy is present to the right of the TAR region, for which 

the function is still unknown (Often, 1997). 

1.3 A. vitis is a grapevine pathogen 

Crown gall is a common disease on grape and is mainly caused by A. vitis 

(Tarbah and Goodman, 1986). Burr and Katz (1983) were able to isolate virulent 

A. vitis and other avirulent Agrobacterium strains from the rhizosphere of 

grapevine plants. The predominance of A. vitis in grape was demonstrated long 

ago when Cavara (1897) isolated crown-gall-inducing bacteria from diseased 

grapevine canes. Also, reports from Greece (Panagopoulous and Psallis, 1973), 

Hungary (Sule,1978) and the united states (Burr and Hurwitz,1981; Burr and 



Katz, 1983) have identified A. vitis as the predominant strain associated with 

grapevines. 

Reports of the presence of crown gall associated with grapes are 

numerous (Galloway, 1889; Hedgcock, 1910). Historically, crown gall disease 

contributed to the destruction of many vineyards in Europe (Owens, 1928) and is 

widely distributed in temperate zones. A. vitis caused great losses in New York 

vineyards, especially on cold-sensitive cultivars (Burr, 1978). Ophel et al. (1988) 

reported that A. vitis was present in grapevines grown in South Australia. Later 

reports indicated that A. vitis bacteria were present at different levels in rootstock 

and scion material from New South Wales, Victoria, and Western Australia 

(Gillings and Ophel-Keller, 1995). In general, Agrobacterium overwinters in soil, 

where it can exist for many years as a saprophyte (Agrios, 1988). Once a 

susceptible plant is wounded due to frost or cultural practices, Agrobacterium 

takes advantage of this condition to invade the plant cells and eventually cause 

tumor growth. Structurally, crown galls first appear as small, spongy and watery 

overgrowths on the stem or roots, which is formed mainly of parenchymatous 

tissue. As the tumor grows, it develops into curled and distorted masses of 

woody cells, and as the peripheral material tissue decay, the tumor tissue turns 

dark brown or black (Hedgcock, 1910; Agrios, 1988). There are two forms of 

galls that are associated with grapevines. The first and most frequent is root 

galls. This form of galls is predominantly found during early stages of plant 

development. It is characterized by a spherical, fleshy overgrowth from the roots 



of young plants propagated from cuttings or at the intersection of scion and 

rootstock in grafted plants (Burr, 1978). The other form is called cane galls, also 

known as aerial galls. This form is frequently found on mature vines along the 

line of the point of a wound injury. Aerial galls are more associated with freezing 

injury (Lewitt, 1972) and can extend from the crown area to the main and lateral 

canes (Burr, 1978). They are also associated with bad management practices, 

such as internal injuries due to improper trellising and pruning (Lehoczky, 1978). 

Crown gall on grapevine is a serious disease. It can hinder vine growth 

and cause cane death if the vine is severely galled. Vines with galls are less 

vigorous than non-infected plants and are susceptible to freezing and desiccation 

(Chamberlain, 1962). 

In addition to crown gall disease, A. vitis induces electrolyte leakage and 

strong necrotic lesions on the roots of grapevine (Burr et al., 1988 ; Strover et al., 

1997). This is because A. vitis produces the extracellular enzymes 

polygalacturonase (PG) and endoglucanase that degrade root epidermal tissue 

(Ophel and Kerr, 1990; Rodriguez-Palenzula et al., 1991). Certain A. vitis strains 

induce only a necrotic response in grape stems (Yanofsky et al., 1985a, 1985b; 

Pu and Godman, 1992). This response is not related to the PG enzyme but to 

the sensitivity of grapevine to high levels of auxin. These enzymes are normally 

produced by pectolytic plant pathogens (Collmer and Keen, 1986). McGuire et 

al. (1991) was able to isolate PG from necrotic lesions on grape roots induced by 

A. vitis. They also reported that PG was produced by Ti-plasmid-carrying strains 
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as well as TMucking strains (McGuire et al., 1991). This suggested that the PG 

is encoded by a chromosomal located locus. Mutational analysis revealed that 

the pheA locus is involved in PG production (Brisset et al., 1991; Rodriguez-

Palenzula et al., 1991). An A. vitis mutant carrying a Tn5 insertion in the pheA 

gene failed to form necrotic lesions, poorly attached to the plant cell and 

produced small abnormal tumors. These observations suggest a broader role of 

the pheA gene in tumorgenesis. Herlache et al. (1997) sequenced the A. vitis 

pheA gene and found that the predicted protein is significantly similar to the 

polygalacturonases of Erwinia caractovora and Ralstonia solanacearum. In the 

same study, they reported that PheA protein is accumulated mainly in the 

periplasm of the bacterium and it is able to produce dimers, trimers and 

monomers from polygalacturonic acid (Herlache et al., 1997). Such compounds 

are probably used to stimulate the virulence system of A. vitis, since galacturonic 

acid has been reported to activate virulence gene of Agrobacterium tumefaciens 

(Ankenbauer and Nester, 1990). 

The necrotic lesions induced by A. vitis on the roots of grapevine were 

shown to be hormonally mediated. Deng et al. (1995) generated mutants by 

transposon mutagenesis from a necrosis inducing strain A281 and found that at 

least two genes, tms1 and 6b, are responsible for the necrogenesis (Deng et al., 

1995). Both genes are known for their involvement in biosynthesis and 

modulation of auxin (Thomashow et al., 1984; Hooykass et al., 1988). The ability 

of A. vitis to live in the vascular system of symptomless plants make its control 



very difficult to achieve (Tarbah and Goodman, 1986), and vegetative 

propagation without proper indexing can result in great loss of vine. 

1.4 The o\an{-Aarobacterium interaction 

The molecular basis of the Agrobacterium interaction with its host can be 

divided into six separate stages: Attachment and signal perception, activation of 

virulence genes, T-DNA processing, T-DNA transfer, integration of T-DNA, and 

finally T-DNA expression and tumor formation. Figure 1.1 shows an overall 

summary of these stages. 

1.4.1 Attachment and signal perception 

In general, the attachment step is a prerequisite for many host-pathogen-

interactions. Animal viruses and bacterial pathogens, for example, require 

specific binding sites on the host cell surface to initiate infection. Agrobacterium 

is similar to other microbes in this aspect. The infection process starts when 

bacteria are attracted to a wound site and bind to the plant cell (Douglas et al., 

1985; Matthysse, 1987; Thomashow et al., 1987). The attachment process is a 

very important step in achieving a compatible interaction. Competition over the 

plant cell binding sites between virulent and avirulent strains of bacteria inhibits 

tumor formation (Lippincott and Lippincott, 1969). 

Using scanning electron microscopy, Matthysse et al. (1981) and 

Matthysse (1983) showed that A. tumefaciens binds to carrot suspension cells 
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3. T-DNA processing 

5. Nuclear Targeting 

VitCl 

2b. Transcription/Translation 
of Vir proteins 
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Genome and 
Expression 
of" Oncogenes 

AGROBACTERIUM DICOT PLANT CELL 

Pig. 1.1. Overview of the Agrodactent/m-plant Interaction. Modified from 
Heath etal., (1995) 
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within 30 minutes and that the number of attached bacteria increase over an 

eight-hour period. In the same experiment, long curving cellulose fibrils 

projecting from the bacterial cell surfaces were detected. Their role is not a 

major one in the attachment step, since cellulose-deficient mutants can attach to 

plant cells. It appears that they help the bacteria attach tightly to the plant host 

cell after the initial attachment takes place (Binns and Thomashow, 1988). 

Several chromosomally located genes have been implicated in attachment 

of the bacteria. Mutation analysis showed that cyclic-p-1,2-glucan plays a major 

role in the attachment process. Mutations at the chvA and chvB loci render the 

bacteria avirulent due to their inability to attach to the plant cells (Douglas et al., 

1982, 1985). Biochemical analysis showed that these mutants could not 

synthesize cyclic-p-1,2-glucan (Puwanesarajh et al., 1985). Another 

chromosomally encoded gene is exoC which codes for proteins involved in the 

synthesis and transport of cyclic-p-1,2-glucan and extracellular polysaccharide 

(Puwanesarajh et al., 1985; Cangelosi et al., 1987). 

1.4.2 Activation of virulence genes 

Pollowing the attachment of the bacterial cell on the plant cell, the 

virulence genes are activated through a well-defined signal transduction 

pathway. The wrgenes on the Ti plasmid are present as a virulence regulon. 

The virA, B, C, D, E, F, G, H, and J operons are required for successful plant 
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transformation (Stachel and Nester, 1986). Although the roles of most operons 

have been determined, no jnfomiatlon on the function of virF, virH and virJ is 

known. 

The wounded plant cells divide faster than normal cells in an attempt to 

repair the wound. Accompanying this process is a release of phenolic 

compounds, such as acetosyringone, sinaplnic acid and simple sugars which act 

as signal molecules that activate the two-component regulatory system under the 

control of virA and virG (Cangelosi et al.. 1990; Stachel et al., 1985; Charles et 

al.. 1992). The wrgenes are expressed at very low levels until induced by plant 

phenolic compounds (Stachel et al., 1986a). VirA and VirG are essential for 

plant transformation and they are similar to other bacterial two-component 

regulatory proteins that sense environmental conditions (Parkinson and Kofoid, 

1992). VirA Is the environmental sensor and VirG is the response regulator or 

transcriptional activator (Stachel and Nester, 1986). 

The VirA protein Is a histidine protein kinase with two transmembrane 

spanning regions identified as TM1 and TM2 (Winans et al., 1989). However, it 

is present as a homodimer In the Inner membrane (Pan et al., 1993). The simple 

sugars bind to the periplasmic galactose binding protein ChvE (Cangelosi et al., 

1990; Huang et al., 1990) which In turn interacts with VirA at the periplasmic 

domain that is held intact by TM1 and TM2 (Cangelosi et al., 1990). The 

periplasmic domains of VirA and the Tar protein in Escherichia coli, which senses 

and promotes chemotaxis toward sugars, share high sequence homology 
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(Melchers et al., 1989). This observation led to the hypothesis that the 

periplasmic domain of VirA binds directly to acetosyringone (Melchers et al., 

1989). However, the deletion of the VirA periplasmic domain did not result in a 

loss of wrgene induction by acetosyringone (Melchers et al., 1989; Shimoda et 

al., 1990). This shows that the VirA periplasmic domain is not necessary for 

induction by acetosyringone, but is very important to enhance induction by 

certain sugars in cooperation with ChvE (Shimoda et al., 1990; Cangelosi et al., 

1990). Phenolic compounds, however, bind VirA directly via the linker domain 

adjacent to the second transmembrane domain (Lee et al., 1995). The binding of 

inducer molecules stimulates VirA to autophosphorylate at a conserved histidine 

residue (His-474). The phosphate is then transferred to an aspartate residue 

(Asp-52) on VirG . The compounds secreted by the plant increase the 

expression of VirA five- to ten-fold (Winans et al., 1988; Rogowsky et al., 1987). 

In 1947, Braun reported that A. tumefaciens would induce tumors only at 

temperatures below 32 °C. To explain this observation, Jin and co-workers 

(1993) noted that VirA is inactive at temperatures higher than 32 °C due to the 

fact that the autophosphorylation of VirA does not occur (Jin et al., 1993). In the 

same study, Jin noted that a virG mutant strain, which induce wrgenes without 

VirA, is also unable to transform host plants at temperatures above 32 °C, 

indicating that other Vir proteins may also be temperature-sensitive. 

VirG contains two domains, a DNA-binding domain and a receiver domain 

(Winans et al., 1994). At the C-terminus, is a helix-turn-helix DNA-binding 
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domain which binds to the 12-bp conserved sequences, known as wr boxes, 

located upstream of each of the wr operons (Jin et al., 1990; Powell et al., 1990; 

Powell and Kado, 1989). The N-terminal domain is the phosphorylated site. The 

phosphate is transferred to an aspartate residue (Asp-52). This residue is very 

important in the process of phosphorylation and hence in the activation of vir 

genes. A mutation that changes an aspargine at position 54 to an aspartic acid 

resulted in wrG constitutive expression (Jin et al., 1993; Sheeren-Groot et al., 

1994). 

In addition to VirA and VirG regulating virulence, there are also several 

chromosomal genes involved in wrgene regulation. One of them is the ros gene 

that encodes a repressor of the promoter region of the wrC and virD operons 

(D'Souza-Ault et al., 1993), which are transcribed in opposite directions. In the 

absence of Ros, wrC and virD are constitutively expressed (Close et al., 1987). 

Unlike VirG, Ros protein binds to the targeted sequences using its zinc-finger 

DNA-binding domain (Cooley et al., 1991 and D'Souza-Ault et al., 1993). The 

VirG and Ros binding sites overlap in the promoter region. Once activated, VirG 

overcomes the repression by Ros. Another important chromosomal locus is 

miaA, which encodes t-RNA: isopentenyl transferase activity. Mutations at miaA 

decrease expression of wrgenes by two- to ten-fold (Gray et al., 1992). In 

addition, ivr, acvB , and chvG/chvl chromosomal genes have also been 

implicated in wr activation (Mantis and Winans, 1993; Metts et al., 1991). 
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However, their specific role in the process of transformation remaines unknown. 

Prom the present data, it appears that chromosomally encoded virulence genes 

are important and may play a major role in the process of signaling, transducing, 

and activating the Ti wrgenes. 

1.4.3 T-DNA processing 

The T-DNA is flanked by 25-bp imperfect repeat called the T-DNA border 

regions (Yadav et al., 1982; Baker et al., 1983). Different Ti plasmids have T-

DNA with different compositions. Por example, the T-DNA in the nopaline-Ti 

plasmids is a single stretch flanked by a left border (LB) and right border (RB) 

(Willmitzer et al., 1983; Wang et al., 1984). On the octopine-type Ti plasmid, the 

T-DNA has multiple border sequences, which split the T-DNA into right region 

(TR), central region (TC) and left region (TL) (Stachel and Nester, 1986). The 

TR region is 7.8 kb and encodes genes involved in opine synthesis; the TC is 1.5 

kb of unknown function and the TL is 13 kb and encodes auxin and cytokinin 

biosynthesis (Hooykaas and Schilperoort, 1992). Mutational analysis showed 

that the right border is required for virulence, while the left border was not 

essential. When the right border was inverted, virulence was reduced 

dramatically and nearly all the Ti plasmid was transferred instead of the T-DNA 

(Citovsky et al., 1992a; Zambryski, 1992). 

Pollowing wrgene induction, T-DNA borders are recognized by the 

VirD1A/irD2 complex. VirDI and VirD2 are endonucleases that introduce a site-
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and strand-specific nick in the bottom strand of the right border between the third 

and fourth base pairs (Yanofsky et al., 1986; Jasper et al., 1994). In vitro studies 

have shown that VirD2 is able to introduce a nick in the bottom strand of the right 

border (Jayaswal et al., 1987; Jasper et al., 1994), and VirDI has type I 

topoisomerase activity and is able to relax a supercoiled DNA (Ghai and Das, 

1989). At least in vitro, the nicking reaction needs only VirD2 to process single-

stranded templates (Pansegrau et al., 1993; Jasper et al., 1994) but requires the 

addition of VirDI to process double-stranded templates (Vogel and Das, 1994; 

Scheiffele et al., 1995). Over-expression of VirDI and VirD2 in A. tumefaciens 

increased plant transformation efficiency and tumor size on Kalanchoe 

daigremontiana and Daucus carota L. (Wang et al., 1990). 

Nicks occur within four hours after wrgene activation (Jayaswal et al. 

1987). These nicks serve as the initiation and termination sites for T-strand 

production (Albright et al., 1987; Veluthambi et al., 1988). The nicked strand of 

the right border provides the 3' hydroxyl group for replication initiation, and the 

top strand provides a template. The release of the T-strand has been 

hypothesized to take place by DNA replication and strand displacement (Stachel 

et al.,1986b; Albright et al., 1987). Pollowing the nicking, the tyrosine-29 residue 

of VirD2 covalently binds to the 5' end of the T-strand giving the T-DNA complex 

a polar character (Pilichkin and Gelvin, 1993; Zupan and Zambryski, 1995). 

Site-directed mutagenesis manipulation in which each tyrosine in VirD2 was 

changed to a glycine showed that the tyrosine-29 residue is required for 
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endonuclease activity and it Is very important in the DNA-protein complex (Vogel 

and Das, 1992a). 

The VirCI is another virulence factor thought to interact with VirD2. 

During T- strand processing, VirCI binds to an upstream site adjacent to the right 

T-DNA borders called "overdrive" which increases tumorigenicity (Peralta and 

Ream, 1985; Peralta et al., 1986; Toro et al.,1989). Mutants with insertion 

mutations in VirCI and VirC2 have weak virulence, which is also a characteristic 

of strains with deleted overdrive sequences (Ji et al., 1988). Toro et al., (1989) 

showed that VirCI binds with very high affinity to overdrive in a gel retardation 

assay. The same group also suggested a possible interaction between VirD2, 

VirCI and other bacterial factors during T-strand transfer (Toro et al., 1989). 

VirCI was found to increase T-strand production from the octopine Ti plasmid in 

E. CO//when VirDI and VirD2 are limiting (De Vos and Zambryski, 1989). There 

are also speculations that bacterial housekeeping proteins of DNA repair, like 

helicases, may be involved in the T-strand production (Jinsong and Citovsky, 

1996). 

It is important to note the striking similarities between VirDI A/irD2 with the 

TraJ and Tral proteins encoded by lncPRP4 plasmid found in a pathogenic 

Pseudomonas strain (Kado, 1994; LessI and lanka, 1994). IncP RP4 is a 

conjugative broad-host-range plasmid that can be transferred to Gram-negative 

bacteria, Gram-positive bacteria and to yeast (LessI and Lanka, 1994). Similar to 

VirDI A/irD2, Tral/TraJ are required for site-and strand-specific cleavage of the 
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origin of transfer (ohT) of RP4 (Pansegrau and Lanka, 1991). Surprisingly. VirD2 

can process the IncP plasmid oriT in vitro, but Tral is unable to process a T-DNA, 

which suggests a higher specificity of Tral to Its sequences (Pansegrau et al., 

1993). Another report indicated that VirD4 and VirB proteins can complement 

TraG and Tra2 proteins during conjugation between Agrobacterium cells of 

another plasmid called IncQ RSP1010, (LessI and Lanka, 1994). All of these 

results show significant similarities between T-DNA transfer and bacterial 

conjugation. 

1.4.4 T-DNA transfer 

The process of T-DNA transfer involves many membranes and cellular 

spaces before the T-DNA enters the plant nucleus. The role of virB, virE and 

virD in T-DNA transfer has been well documented. The gene products of virB 

and virD form a putative channel, while wrE encodes a single-stranded binding 

protein that coats the T-DNA strand preventing nucleolytic degradation. 

The VirB is the largest wroperon (10.2 Kb) with 11 open reading frames 

(Thompson et al., 1988; Kuldau et al., 1990; Shirasu et al., 1990). Beijersbergen 

et al. (1994) studied the localization and topology of virB proteins and found that 

most contain cleavable signal sequences or hydorophobic domains. Several 

other studies have focused on individual VirB proteins using phoA fusions, 

immunoblots and sequence analysis (Manoil et al., 1990; Shirau and Kado, 1993; 

Pernandez et al., 1996a). VirBI and VirB2 are localized to both the inner and 
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outer membranes (Shirasu and Kado, 1993; Thorstenson et al., 1993). VirB3 are 

mainly localized to the outer membrane (Shirasu and Kado, 1993). VirB4 and 

VirB11 are localized to the inner bacterial membrane and are thought to provide 

energy for T-DNA strand transfer. VirB4 has a nucleotide-binding site (Shirasu 

and Kado, 1993), and VirB11 is both an ATPase and a protein kinase (Christie et 

al., 1989). Mutation in wrBII eliminating the nucleotide- binding site caused an 

avirulent phenotype (Stephens et al., 1995), suggesting a major role of VirB11 in 

T-DNA transport. VirB5 is a periplasmic protein, and VirB6 is an inner membrane 

protein with five transmembrane loops (Beijersbergen et al., 1994). VirB7 is a 

membrane-associated lipoprotein with its amino terminus anchored to the outer 

membrane and its carboxyl domain in the periplasmic space (Pernandez et al., 

1996a). VirB8, VirB9 and VirBI 0 have been localized to the inner and outer 

membrane or both depending upon the fractionation method used (Shirasu and 

Kado, 1993;Thorstenson et al., 1993; Thorstenson and Zambryski, 1994). Other 

studies have shown that there are a lot of interactions between different VirB 

proteins. Por example, VirB9 is required for VirBI 0 complex formation and 

stability (Beaupre et al., 1996), and VirB9 accumulation requires the production 

of VirB8, the stability of which depends on a disulfide cross-link to VirB7 (Berger 

and Christie, 1994; Pernandez et al., 1996b; Spudich et al., 1996). It is important 

to note that VirB proteins function as a complex that forms a multiproteln channel 

structure. This is very similar to other protein-protein interactions involved in the 

20 



formation of virulence-associated P pili in Gram-negative bacteria (Kuehn et al., 

1993). In a series of elegant experiments, Pullner and collaborators (1996) 

showed that pili were present on Agrobacterium cells when grown at low 

temperature, and that these pili required the presence of virB2-11 and virD4 

genes. The virB1 gene was required for pilus assembly and conjugative transfer. 

These results add more evidence that the T-DNA transfer from bacteria to the 

plant cell may mimic the naturally occurring conjugative plasmid transfer between 

bacteria. 

Zupan and Zambryski (1995) suggested that the transfer of the T-DNA 

strand is likely to be as a single-stranded DNA-protein complex in order to 

preserve its integrity. Besides VirB operon proteins, the other proteins most 

important at this phase are encoded by the wrE operon. The wrE operon 

encodes two proteins, VirEI and VirE2. Both VirE proteins are required for 

tumorigenesis (Winans et al., 1987; McBride and Knauf, 1988). VirE2 is located 

mainly in the cytoplasm, but may exist in the inner or outer membrane and 

periplasm (Christie et al. 1988). This protein is a single-stranded DNA binding 

(SSB) protein without sequence specificity (Christie et al., 1988; Citovsky et al., 

1989) but with high affinity to only single-stranded DNA (Sen et al., 1989). It 

completely coats the T-DNA strand preventing nucleolytic degradation and is 

believed to extend the ssDNA to a narrow diameter thus facilitating its transfer 

via membrane channels. Using electron microscopy and in vitro VirE2-ssDNA 

binding kinetics, Citovsky et al. (1989) estimated that the molecular mass of the 
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T-DNA complex is around 50,000 kD, with a length of 3600 nm and a width of 2 

nm, and that it contains approximately 600 molecules of VirE2. These data 

suggest that the T-DNA complex is a very stable structure and it is likely to be 

unaccessible to external nucleolytic activity. Whether SSB proteins bind to 

ssDNA inside the bacterial cell or inside the plant cell is still not clear. However, 

recent data suggest that both T-strand and VirE2 proteins are transported 

independently into the plant cell. Pirst, Citovsky reported that transgenic plants 

expressing VirE2 restore virulence of a VirE2-mutant (Citovsky et al., 1992b). 

Second VirEI is implied to have a functional role in transporting VirE2 from the 

bacterial cell into the plant cell. In this study a VirEI-deficient mutant with normal 

VirE2 expression and T-DNA strand was avirulent; however, when coinoculated 

with a strain having normal amounts of VirEI and VirE2 but lacking a T-DNA 

strand, it became virulent (Sundberg et al., 1996). 

Once the T-DNA strand enters the plant cell, it is targeted to the cell 

nucleus. The VirD2 protein contains three putative nuclear localization signals 

(NLSs) of the protein sequence K-R/K-X-R/K (Herrera-Estrella et al., 1990). One 

NLS is located at the N-terminus and the other two in the C-terminus of VirD2. 

The deletion of the N-terminal NLS did not affect the transfer of the T-DNA to the 

nucleus, which indicates its minor role in this process. However, deletion of both 

C-terminal NLSs inhibited the transfer of the T-DNA and subsequently blocked 

the tumor formation (Howard et al., 1992; Shurvinton et al., 1992; Rossi et al., 

1993; Narasimhulu et al., 1996). These data suggest that the VirD2 protein, 
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which is covalently linked to the 5' end of T-DNA strand is a major player in 

targeting the T-DNA strand to the nucleus. Other studies have also implicated 

VirE2 in the process of nuclear targeting. Using VirE2-GUS fusions, VirE2 was 

localized in the plant nucleus (Citovsky et al., 1992b). The same experiment also 

identified two functional NLSs within the VirE2 molecule. Citovsky et al. (1994) 

found that transgenic plants expressing a mutant VirE2 that is unable to bind 

ssDNA but retains both NLSs were relatively resistant to wild-type 

Agrobacterium. This shows that the mutant VirE2 competed with the incoming T-

strand complex for nuclear transport. Direct evidence that the VirE2 protein is 

involved in nuclear uptake was provided by Zupan et al. (1996). They 

microinjected a complex of VirE2 and fluorescently labeled ssDNA and labeled 

ssDNA alone into stamen hair cells of Tradescantia virginiana and monitored the 

localization of the complex by epifluorescence microscopy. They found that 

ssDNA alone remained in the cytoplasm, while the VirE2-ssDNA complex was 

localized in the plant cell nucleus. 

1.4.5 Integration of T-DNA 

Once inside the nucleus, the T-DNA is dissociated from the T-complex 

and is integrated into the plant genome. The mechanism by which the physical 

integration takes place is not well understood. Also, It is not clearly known yet 

whether the integration requires a double-stranded DNA intermediate. 
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Mapping studies have shown that T-DNA can be inserted into any site on 

the plant chromosome (Ambros et al., 1986; Chyi et al., 1986). Although several 

studies have suggested that integration preferentially occurs at transcriptionally 

active sites (Herman et al. 1990; Koncz et al. 1989), no specific sequences have 

been identified as a preferential site of T-DNA integration. 

Since T-DNA does not encode proteins allowing its integration like 

retroviruses and transposons, it is likely that either transported proteins from the 

bacterium or plant factors enable integration. Recent data suggest that VirD2 

and VirE2 may be involved in the integration process (Tinland et al., 1995). In 

this study, an Agrobacterium strain with a wrD2 mutation was used to infect 

tobacco seedlings. T-DNA strand integration by the mutant was less than 1% of 

the wild type. This difference was attributed to the fact that the 5' end of the 

integrated DNA was truncated and highly rearranged. 

VirD2 has a motif very common to many recombinases (Argos et al., 

1986). The mutant used in the Tinland et al. (1995) study had a mutation at this 

motif Rossi et al. (1996) investigated the role of VirE2 on T-DNA integration 

using the same procedure as Tinland et al. (1995). They found that VirE2 

influenced the T-DNA integration and was required for integration fidelity at the 3' 

but not the 5' end of the T-strand molecule (Rossi et al., 1996). Shurvinton et al. 

(1992) studied in detail the early transcription of T-DNA in plant nuclei and found 

a short amino acid sequence downstream of the VirD2 NLS which they 

designated the co domain. This domain was later found to be necessary for T-
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DNA integration (Narasimhulu et al., 1996). Whatever the case, the integration 

of T-DNA is thought to be achieved by illegitimate recombination (Gheysen et al., 

1991). However, homologous recombination can occur when large sequences of 

homology exist between the T-DNA and integration site (Offringa et al., 1990). 

Homologous recombination was also the mode of T-DNA integration following 

infection of yeast (Bundock et al., 1995). These results suggest that the way T-

DNA integrates into the host DNA is dependent on the host genome structure 

and organization. 

1.4.6 T-DNA expression and tumor formation 

The observation that axenic crown gall tumors could be cultured in vitro 

without exogenous phytohormones, led to the speculation that Agrobacterium 

altered the hormonal balance of the infected plant tissue (Braun, 1958). In his 

pioneering work, Braun (1958) showed that tumors exhibited auxin-like growth 

effects. Subsequent studies confirmed Braun's work and provided more 

evidence on the role of auxin and cytokinin and their metabolism in tumor 

formation (Morris, 1986, 1987). 

Unlike other steps, tumor formation is controlled and regulated by genes 

encoded by T-DNA. The T-DNA genes are expressed using plant cell's 

polymoreses. However, the expression levels vary among the different T-DNA 

genes (Langridge et al., 1989; Leisner and Gelvin, 1989; Mitra and Ann, 1989). 

Beside phytohormone genes, the T-DNA also contains a set of genes required 
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for the production of opines. Opines are modified amino acids and sugar 

derivatives, used as carbon and nitrogen sources by Agrobacterium. This gives 

a survival advantage to the inciting Agrobacterium over all other soil microbes 

(Guyon et al., 1980; Tempe and Goldmon, 1982; Petit et al., 1983). 

Using transposon mutagenesis, Garfinkel et al. (1981) identified two 

important loci within T-DNA that control tumor morphology: tms (tumor 

morphology shooty) and fmr (tumor morphology rooty). Mutations in the tms 

locus induced tumors with shoot-like teratomas, while mutation in the tmr locus 

induced tumors with roots. The comparison of these observations with the 

pioneering work of Skoog and Miller (1957) suggested the role of auxin and 

cytokinin. Skoog and Miller (1957) showed that a high cytokinin/auxin ratio will 

promote shoot formation, a low ratio will promote root formation and intermediate 

ratio induces an unorganized callus. Later, Akiyoshi et al. (1983) showed that 

the levels of auxin and cytokinin were much higher in tumors caused by wild type 

compared to tumors induced by tms mutants or fmr mutants. These results 

provided evidences that crown gall tumors are the result of hormonal unbalance. 

1.4.6.1 Auxins 

The T-DNA of the octopine Ti plasmid is divided into separate TR-DNA 

and TL-DNA regions (Thomashow et al., 1980). Transcriptional and genetic 

analysis of T-DNA from various octopine plasmids revealed that eight 

polyadenylated mRNA's are transcribed from the TR-DNA region and five from 
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TL-DNA (Gelvin et al., 1982; Willmitzer et al.,1982 ,1983). Baker et al. (1983) 

sequenced the entire T-DNA from an octopine Ti plasmid and showed that there 

are two open reading frames (ORP) within the tms (tms1 and tms2) locus and 

one within the fmr locus. It was also found that tms1 encodes a large ORP and 

tms2 encodes a smaller ORP. These ORP's are oriented in opposite directions 

(Baker etal., 1983). 

In 1984, Inze et al. suggested that the tms1 and tms2 (also referred to as 

iaaM and iaaH, respectively) products are involved in a pathway-like process, 

which may involve a diffusable intermediate. Basically, they coinfected a plant 

host with two A. tumefaciens strains, one with a mutation in iaaM and the other 

with a mutation in the iaaH gene. The resulting tumors were similar to a-wild-

type induced tumor (Inze et al., 1984). To identify the diffusable intermediate, 

Thomashow and coworkers expressed the iaaH and iaaM genes in E.coli and 

found that iaaH encodes an enzyme that converts indole-3-acetamide (lAM) to 

indole-3-acetic acid (lAA) (Thomashow et al., 1984), while iaaM encodes an 

enzyme that converts L-tryptophan to lAM (Thomashow et al.,1986). The gene 

product of /aa/W was called tryptophan 2-monooxygenase, and the iaaH product 

was called indoleacetamide hydrolase. 

Later on, other researchers confirmed these findings independently 

(Schroder et al.,1984; Van Onckelen et al., 1986), and the auxin biosynthesis 

pathway was established as a two-step process in which the iaaM and iaaH 

genes act sequentially to convert tryptophan to lAM and then to indole-3-acetic 
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acid (Thomashow et al. 1986). The first step, which is catalyzed by tryptophan 2-

monooxygenase, involves oxidative decarboxylation of tryptophan; then lAM is 

hydrolyzed by indoleacetamide hydrolase to produce lAA (Kosuge et al., 1983). 

Pigure 1.3 shows the chemical pathway of auxin synthesis by Agrobacterium. 

It is important to note that auxin biosynthesis and its role in pathogenesis 

is not unique to Agrobacterium strains. Another pathogen, Pseudomonas 

savastanoi, induces tumorous overgrowths on oleander and olive plant. 

Pseudomonas savastano has the same auxin biosynthesis pathway (Hutcheson 

and Kosuge, 1985). Contrary to Agrobacterium, auxin production in 

Pseudomonas savastanoi occurs in the bacterium, but the genes involved are 

highly homologous to the iaaM and iaaH from T-DNA (Yamada et al., 1985). 

Agrobacterium rhizogenes is known to induce hairy roots in transformed tissue. 

This is due to the presence of a pathogenic Ri plasmid that carries genes 

homologous to the auxin biosynthetic loci of the Ti plasmid (Huffman et al., 1984; 

Cardarelli et al., 1987). Auxin production is also involved in the symbiotic 

interaction between Rhizobium species and their hosts (Morris 1986). However, 

its biological activity is still unclear. The genetic conservation of auxin 

biosynthetic genes among different species may suggest how the T-DNA and 

auxin-mediated pathogenicity of Agrobacterium tumefaciens have evolved. 
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Pig. 1. 3. Auxin biosynthesis pathway in Agrobacterium tumefaciens. 
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1.4.6.2 Cytokinins 

Biochemical and genetic analysis has revealed that the tmr gene (also 

called ipt) is responsible of cytokinin production (Akiyoshi et al., 1984; Barry et 

al., 1984; Buchmann et al., 1985). The tmrgene encodes an 

isopentenyltransferase enzyme which catalyzes the addition of an isopentenyl 

side chain to the N̂  position of 5'-adenosine monophosphate to yield iso-

pentenyladenosine monophosphate. This product is a precursor for cytokinin 

biosynthesis (Taya et al., 1978; Chen and Melitz, 1979). 

Many studies have shown the importance of cytokinin in pathogenesis. 

Cytokinin may maintain a healthy plant tissue (Miller, 1971) and increase nutrient 

mobilization in the host (Angra-Sharma and Mandahar, 1993), which in turn 

allows favorable conditions for pathogen proliferation (Mahadevan, 1984; Angra-

Sharma and Mandahar, 1993). Paini et al. (1985) reported that crown gall 

tissues have an unusually high and very diverse endogenous cytokinin level. 

The same group identified over 15 cytokinins in crown gall (PaIni et al., 1985). It 

is not yet clear whether these cytokinins are similar to those produced by normal 

tissues. When /pf was inactivated, the isopentenyl transferase activity was lost 

and tumor production required an exogenous supply of cytokinin for growth in 

vitro (Ooms et al., 1981; Morris et al., 1982; Binns, 1983; Akiyoshi et al., 1984). 

Similar to auxins, cytokinins are also involved in other microbe-plant 

interactions. Por example they are produced by Pseudomonas savastanoi during 

the pathogenic interactions with their host. Surico et al. (1984) reported that in 
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addition to lAA, cytokinins were also produced by P. savastanoi pv. savastanoi io 

induce galls on olive and oleander. In 1986, Morris et al. isolated a plasmid 

localized gene from P. savastanoi pv. savastanoi denoted (ptz) that encodes for 

cytokinin biosynthesis. The ptz gene has a high functional homology with ipt 

from Agrobacterium tumefaciens. Cytokinin is also involved in club root 

(root gall) disease caused by Plasmodiophora brassicae. These types of galls 

have been shown to contain extremely high amounts of auxin and cytokinins 

(Dekhujzen and Overeem, 1971; Butcher et al., 1974). Galls in maize caused by 

Ustilago maydis contain abnormally high level of cytokinin compare to healthy 

plants (Mills and van Staden, 1978). 

Beside the iaaM, iaaH and ipt genes, two other T-DNA genes, gene 6b 

and gene5 are believed to be involved in accentuating the activity of auxin and 

cytokinin (Leemans et al., 1982). Agrobacterium mutants at 6b gene induce 

abnormal tumors on certain plants (Ream et al., 1983). Hooykaas et al. 1988 

reported that 6b gene can affect the activity of both auxin and cytokinin, and 

therefore, they suggested that it can be considered as an one gene. Tinland et 

al. (1989, 1990) found an auxin activity associated with 6b gene. However, 

others have shown that it reduces cytokinin activity (Spanier et al., 1989). 

Although a mutation at gene5 have no significant effect on tumor morphology, it 

appears to underscore the effect of mutations at iaaH or iaaM genes (Leemans 

etal., 1982). In 1991, Korber et al. suggested that gene5 modulates the auxin 

response by the autoregulated production of an auxin antagonist. 
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1.5 Obiectives and Rationale 

The grape industry in Texas is important to the state economy. In 1996, 

the total economic impact generated by grape industries was estimated to be 

$104.6 million. It also supported over 2,220 Texas jobs (Dodd etal., 1996). One 

of the active and growing viticultural areas is the Texas High Plains. It 

represents 42% of the total Texas grape production (Dodd et al., 1996). It is also 

expected that grape acreage will significantly increase during next decade 

(Mitchell, 1998). 

One of the economically important pathogen associated with grape is 

Agrobacterium vitis. Among all fruit and nut crops, grapes showed the highest 

economic losses due to Agrobacterium (Kennedy and Alcron, 1980). A. vitis is 

also a problem in the Texas High Plains region, especially after severe freezing 

temperatures. A total destruction of several vineyards was accredited to A. vitis 

in the Texas High Plains (Mitchell, 1998). Due to its systemic nature, A. vitis is 

very difficult to control. Usually, replanting is the only solution when infestation is 

severe, and since the disease is soil-borne, abundant inoculum exists for 

infestation of the new transplants. Therefore, an effective approach to control A. 

vitis is needed. 

The objectives of this study were: 

1. To characterize the predominant pathogenic A. vitis strains associated with 

grapes in the Texas High Plains region. 
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2. To use tobacco as a model system to test whether transgenic plants with T-

DNA auxin biosynthetic genes in an antisense orientation would block tumor 

formation. 
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CHAPTER II 

BIOCHEMICAL AND MOLECULAR CHARACTERIZATION OP 

AGROBACTERIUM VITIS STRAINS COLLECTED 

NEAR LUBBOCK, TEXAS 

2.1 Introduction 

Agrobacterium vitis (Ophel and Kerr, 1990), formerly called Agrobacterium 

tumefaciens biotype III (Kerr and Panagopoulous, 1977), is strongly associated 

with grapevine (Burr et al., 1987; Burr and Katz, 1983; Sawada et al., 1990). 

Agrobacterium vitis is the primary agent that causes crown gall in grape (Burr, 

1988). Its ability to survive systemically in healthy grapevines (Burr and Katz, 

1984; Tarbah and Goodman, 1986) makes it a very successful pathogen. It has 

been reported that in the U.S. a large portion of grapevine nursery stock is 

systemically infected with A. vitis (Goodman et al., 1987). Burr et al. (1995) 

reported that A. vitis could survive in decaying grape roots and canes in soil. 

This explains the significant damage caused by A. vitis to the grape industry 

around the world. 

In addition to crown gall disease, A. vitis induces electrolyte leakage and 

strong necrotic lisons on the roots of grapevine (Strover et al., 1997; Burr et al., 

1988). This is because A. vitis produces extracellular enzymes 

polygalacturonase (PG) and endoglucanase that degrade root epidermal tissue 

(Rodriguez-Palenzula et al., 1991; Ophel and Kerr, 1990). Certain A. vitis strains 
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induce only a necrotic response in grape stems (Yanofsky et al., 1985a, 1985b; 

Pu and Godman, 1992). This response is not related to the PG enzyme but to 

the sensitivity of grapevine to high levels of auxin. 

Agrobacterium vitis is distinguished from biotype I and biotype II based on 

several chromosomally encoded factors (Kerr and Panagopoulos, 1977). This 

includes the production of 3-ketolactose, ability to grow in 2% NaCI, growth at 

35°C, acid production from sucrose, erythritol and melezitose, alkali production 

from malonic acid, tartaric acid, propionic acid and mucic acid, growth on ferric 

ammonium citrate and citrate utilization. One of the unique property of A. vitis is 

tartrate utilization, which is preferred even over glucose (Szegedi, 1985). 

A. vitis has been divided into four main subgroups: nopaline (N), 

octopine/cucumopine (0/C) with small or large TA region (OS and OL plasmids) 

and vitopine (V) (Paulus et al., 1989a). The o/c group accounts for half of the 

isolated strains (Otten and Ruffray, 1994). Mapping analysis of several Ti 

plasmids from the o/c group showed that virulence and T-DNA regions were 

highly conserved (Knauf et al., 1984; Otten et al., 1992; Van Nuenen et al., 1993; 

Pournier et al., 1994). Otten and Ruffray (1994) compared the Ti plasmid from A. 

vitis nopaline strain AB4 to other Ti plasmids and found that the pTiAB4 iaaM, 

iaaH and ipt regions were strongly homologous to pTi15955/pToAch5 (93.7%) 

and pTiTM4 (94.7%). In an extensive review, Otten et al. (1992) reported that 

iaaM and iaaH of octopine, O/C, N, and succinamopine Ti plasmids were highly 

homologous. In the same review, they also reported that structure and function 
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of Ti plasmids from different Agrobacterium strains were highly conserved. 

Although in certain cases the overall structure of different TI plasmids was only 

30% (Engler et al., 1981), a detailed analysis showed that highly homologous 

regions (80-85% conservation) were embedded in non-homologous sequences. 

(Otten et al., 1992). This observation led to the hypothesis that Ti plasmids are 

mosaic structures, constructed by horizontal gene transfer (Otten et al., 1992). In 

general, the oncogenes of the T-DNA from different Ti plasmids are well 

conserved in structure as well as in function ( Engler et al., 1981; Garfinkel et al., 

1981; Ooms etal., 1981; Leemans etal., 1982; Willmitzer etal., 1982,1983; Joos 

et al., 1983; Binns and Thomashow, 1988). 

The main objectives of this study were to isolate the predominant strains 

of A. vitis associated with vineyards near Lubbock, TX, to characterize the 

isolates using biochemical and molecular tests and to determine their host range 

and tumorgenesis ability. 
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2.2 Materials and Methods 

2.2.1 Isolation of A. vitis. bacteria 

Grapevine galls were collected from several vineyards located in six 

different counties. Agrobacterium isolates, host cultivar and locations are listed 

in Appendix III. The gall tissue surface was sterilized for 20 minutes in 20% 

bleach solution and rinsed three times in sterile water. After removing the dark 

brown dead tissue, the gall was cut into three to five pieces of approximately two 

cm^ and placed in 5 ml of distilled sterile water for 45 minutes to allow bacteria to 

diffuse into the water. To isolate and determine the predominant strains, 1 ml of 

the liquid was plated on three different solid media and incubated for 3 days at 

28 °C. Medium 1A selects for Agrobacterium tumefaciens biotype I, medium 2E 

selects for Agrobacterium tumefaciens biotype II (Brisbane and Kerr, 1983) and 

Roy-Sasser medium selects for Agrobacterium vitis (Roy and Sasser, 1983). 

The other 2 ml were plated on D-1 media (Kado and Heskett, 1970). D-1 media 

was used to differentiate Agrobacterium from other Gram negative bacteria. 

Colonies grown on D-1 were then replica plated on 1A, 2E and Roy-Sasser 

media. Protocols of selective media are listed on Appendix I. Strains resembling 

A. vitis were then streaked on YEB medium and examined for purity. 

2.2.2 Biochemical characterization 

Eighteen purified isolates were given a designation (Table 2.1), and two 

previously characterized Agrobacterium isolates (ATCC 49767, A. vitis ; ATCC 
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15955, A. tumefaciens) were used as internal controls. This study included ten 

A. vitis isolates with a broad genetic make-up obtained form Dr. Tomas J. Burr at 

Cornell University. Purified isolates were subjected to the following determinative 

biochemical assays according to Moore et al., (1988): 3-Ketolactose production; 

growth in 2% NaCI; acid production from sucrose, erythritol and melezitose; alkali 

production from malonic acid, L-tartaric acid, proponic acid and mucic acid; 

citrate and ferric ammonium citrate utilization. Strains were grown on YEB liquid 

media (Tarbah and Goodman, 1986) for 48 hours at 28 °C. Cultures were diluted 

100-fold to get approximately 10^ CPU and 100 |al were used for each assay. 

Agrobacterium strains were also screened for octopine and nopaline utilization. 

Octopine and nopaline are the most common opines and are commercially 

available. A 100 îl bacterial culture was streaked on a basal medium containing 

5 mM filter-sterilized opine. The controls were grown on the same basal medium 

with 5 mM glucose and 5 mM ammonium sulfate. Protocols of biochemical tests 

are listed on Appendix B. 

2.2.3 Pathooenicitv assay 

Seeds of tomato (Lycopersicon esculentum, 'Better Boy Hybrid'), 

sunflower (Helianthus annus, 'Sunshine') and tobacco (Nicotina tabacum, 

'rustica') plants were germinated in one 2 L pots and grown in the greenhouse. 

Six weeks later, stems were wounded with a sterile needle and freshly cultured 

Agrobacterium strains were applied to the plant wound. Grapevine (Vitis vinifera, 
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'Sauvignian Blanch') dormant canes were rooted and grown six weeks in the 

greenhouse. Green, tender stems were wounded and inoculated as with other 

hosts. Tumor formation and morphology was assessed three weeks after the 

inoculation. This experiment were repeated three time to reduce any 

environmental effects on tumor formation. 

2.2.4 Molecular characterization 

2.2.4.1 Isolation of Total DNA 

Total DNA was isolated from ail Agrobacterium isolates using a modified 

procedure of Slusarenko (1990). A volume of 3 ml of YEB medium was 

inoculated and grown for 48 hours at 28 °C. Bacteria from a volume of 1.5 ml 

were pelleted by centrifugation for 3 min at 4000 xg. The bacteria were then 

suspended in 300 ^1 of TE buffer (10 mM, 1.0 mM EDTA), 100 |al of 5% sarkosyl 

in TE buffer, and 150 [i\ of Pronase solution (4.0 mg/ml Pronase in TE buffer, 

predigested for 30 min at 37 °C). The tubes were incubated at 37 °C for 1 hr. 

After complete lysis, the samples were passed through a #20 gauge needle and 

centrifuged at 13,000 xg for 30 min. The supernatant was placed into clean 

tubes and 0.5 volume of 7.5 M ammonium acetate was added. Tubes were then 

placed on ice for 30 min and centrifuged for 30 min at 13,000 xg. The 

supernatant was mixed with an equal volume of isopropanol and placed on ice 

for 30 min. The DNA pellet was collected by centrifugation at 13,000 xg for 15 
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min, rinsed with 70 % ethanol and vacuum-dried. The pellet was resuspended in 

50 \i\ of water. Total DNA was digested by incubating 10 [ig of DNA in 1 X 

restriction reaction overnight at 37 °C. The digested DNA was separated using a 

1% agarose gel. 

2.2.4.2 Isolation of Ti plasmid 

The TI plasmid was isolated and purified according to Kuang-Hua (1993). 

Ten ml of overnight culture were centrifuged for 5 min at 11,000 xg at 4 °C. 

pellets were resuspended in 1 ml of TE buffer, 100 \i\ of 5M NaCI and 20 |il of 

10% Na sarkosyl, and equally transferred into two clean 1.5-ml tubes. The tubes 

were then centrifuged at 13,000 xg for 2 min, and the pellets were resuspended 

in 100 [i\ of solution I (50 mM glucose, 25 mM Tris-HCL pH 8.0, 10 mM EDTA pH 

8.0 and 2 mg/ml lysozyme). The preparations were incubated for 10 min on ice, 

200 III of Solution II (0.2N NaoH, 1% SDS) were added, and the tubes were then 

incubated at 37 °C for 30-60 min. After complete lysis, 50 |al of 2 M Tris-Hcl (pH 

7.0) were added and gently mixed. The solution was incubated at room 

temperature for 30 min, after which 100 1̂ of 5 M NaCI were added. Samples 

were then extracted twice with phenol/chloroform/isoamyl alcohol (25:24:1). The 

supernatant was transferred into a clean, 1.5-ml tube and an equal volume of 

isopropanol was added to precipitate the nucleic acid. Pellets were collected by 

centrifugation for 15 min at 13,000 xg and rinsed with 70% ethanol. The dry 
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pellets were resuspended in 50 |il of solution I, 85 1̂ of sterile water and 5 |al of 2 

M Tris-HCI (pH 7.0). Tubes were incubated at 50 °C for 5 min to dissolve the 

pellet, 10 pi of 2 M NaOH were added, and the preparation was incubated at 

room temperature for 5 min. To renature the plasmid DNA, 75 îl of ice-cold 

solution III [(5M KOAc (60 ml), acetic acid (11.5 ml) and water (28.5 ml))] were 

added to samples and incubated on ice for 5 min. Next, 20 |il of 1% EtBr were 

added and incubated on ice for 30 min. Tubes were centrifuged for 5 min at 

13,000 xg. The plasmid DNA remained in the supernatant, and EtBr was 

removed by two phenol extractions and one chloroform extraction. DNA was 

precipitated with isoprpanol and washed with ethanol. Plasmids were collected 

by centrifugation, the pellets were vacuum-dried and the pellets were 

resuspended in 20 pi of TE buffer. 

2.2.4.3 Homology study 

Ten micrograms of purified total DNA per sample was resuspended in 10 

ml of distilled deionized water. Ten units of the appropriate restriction enzyme 

(EcoR I, BamH I and Hind III) were added to each sample with the appropriate 

buffer supplied by the manufacturer. The DNA was digested overnight at 37 °C. 

The digested DNA was loaded onto a 1.0% agarose gel containing 0.5 |ag/ml 

EtBr. Electrophoresis was performed at 50 volts for about four hours in TBE 

buffer (100 mM Tris borate, 2 mM EDTA, pH 8.3). 
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Restricted DNA fragments in the agarose gel were depurinated in 250 mM 

HCI, neutralized in 500 mM NaOH and 400 mM NaCI, and transferred to a nylon 

membrane using a vacuum blotting system. After transfer, the membranes were 

washed with 2X SSC buffer (pH 7.0), air dried, wrapped in Saran wrap and 

stored at 4 °C. Prehybridization was carried out for 24 hours in a solution 

containing 6X SSPE, 5X Denhardt's solution (0.02% Picoll, 0.02% 

polyvinylpyrolidine, 0.02% bovine serum albumin), 0.5% SDS, and 35% 

formamide. 

2.2.4.4 PCR analysis 

To further investigate the relationship among the Agrobacterium isolates, 

two sets of primers were used, primers specific to the 6a gene of A. tumefaciens 

biotype I and primers specific to the chromosomally located pheA gene of all A. 

vitis. The 6a primers (ACATCATCAATCCTGGCGG) and 

(ACTCGTTGCTGGCCTGAAT) were used to amplify a region of approximately 

260 bp unique to A. tumefaciens biotype 1 (Eastwell et al., 1995). The pheA 

primers (CGATGGCGGCGAGGATTT) and (ATCGGGCGTGAAACAAGT) were 

used to amplify a region of 199 bp from the pheA gene unique to A. vitis. Each 

50 pi of PCR reaction contained 100 pmole of each opposing primer; 1 ̂ ig of 

template genomic or plasmid DNA; 5 1̂ of 10X Taq buffer containing 500 mM 

KCI, 100 mM Tris-HCI (pH 9.0 at 25 °C), and 1% Triton X-100; 4 mM of MgCb; 
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1.5 mM of each of 4 dNTP's; and 2.5 U of Taq polymerase (Promega). A volume 

of 150 pi of mineral oil was layered on the top of the sample to prevent 

evaporation during the PCR cycles. The PCR amplification were performed with 

an initial incubation at 96 °C followed by 35 cycles as follows: denaturation (95 

°C, 1 min), annealing ( 50 °C, 30 sec), and extention ( 72 °C, 5 min). At the 

completion of the final cycle, the reactions were held at 72 °C for 5 min followed 

by cooling to 19 °C. 

2.3 Results and Discussion 

2.3.1 Isolation and biochemical characterization of A. vitis. 

Table 2.1 shows strains of Agrobacterium used in this study. Included 

were 18 isolates collected locally designated by LT, ten strains with diverse 

genetic make up (obtained from Dr. Thomas J. Burr, Cornell University) and two 

previously characterized strains from the American Type Culture Collection, 

ATCC 49767 and ATCC 15955, as internal controls. Out of the twenty-three 

different galls collected, eighteen A. vitis strains were isolated. No 

Agrobacterium strains were detected in galls from cultivar "Chardonnay" 

collected from Bill Brown and Morris's vineyards (Appendix C). The simplest 

explanation of this observation is that Agrobacterium strains may not be able to 

ovenA/inter or survive systemically in the cultivar "Chardonnay" under specific 

conditions. Gillings and Ophel-Keller, (1995) indexed grapevine cuttings from 

different geographical areas and found that the levels of Agrobacterium vitis 
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varied between locations and cultivars. These results suggest that the 

distribution of Agrobacterium population is affected by the interaction between 

environment and host genotype. The levels of infestation also varied between 

hosts. The genotype Sauvignian Blanc was the most frequently infected by A. 

vitis. The level of infestation is estimated by the number of bacterial colonies 

collected from the gall tissue. Sauvignian Blanc had three to five times more 

colonies of A. vitis than other lines. This indicate that this line is more sensitive 

and that propagated material from Sauvignian Blanc should be carefully indexed 

to avoid the propagation of the bacterium to new vineyards. The level of 

infestation of A. vitis is very important factors in tumorgenesis. Many techniques 

used to reduce A. vitis damage to grape are effective only in reducing the level of 

the bacteria rather than eradicating the pathogen (Burr et al., 1996). 

The selective media and replica plating showed that all isolates were able 

to grow only on Roy-Sasser media, which is selective for A. vitis. No other 

Agrobacterium biotype was detected, indicating that the predominant strain 

associated with grapevine was A. vitis. This observation was documented in 

previous reports (Bien et al., 1990; Sawada et al., 1990). The strong and specific 

association between A. vitis and grapevine is attributed to A. vitis' ability to use 

tartrate as a carbon source (Szegedi, 1985) and the ability to induce necrosis in 

grapevine roots due to the presence of a polygalacturonase gene pheA (McGuire 

et al. 1991). It was found that PheA protein is accumulated mainly in the 

periplasm of the bacterium and it is able to produce dimers, trimers and 
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monomers from polygalacturonic acid (Herlache et al., 1997). Such compounds 

are probably used to stimulate the virulence system of A. vitis, since galacturonic 

acid has been reported to enhance wrgene expression (Ankenbauer and Nester, 

1990). 

Purified strains were subjected to several determinative biochemical tests 

listed in Table 2.2. Although all isolates were able to grow on Roy-Sasser media, 

metabolized tartrate and tolerated 2% NaCI, there was a significant variability 

based on other tests (Table 2.2). Two groups can be identified based on these 

tests. The first group contains LT1-LT6, LT11, LT13, LT15, and LT17. This 

group tended to share some biochemical characteristics with Agrobacterium 

tumefaciens biotype I, such as 3-ketolactose production and acid production from 

sucrose, erythritol and melizitose. The second group contains LT7-LT10, LT12, 

LT14, LT16 and LT18. Group II had similar biochemical responses to A. vitis in 

most assays. It was interesting to note that all isolates were able to grow and 

produce pigment in ferric ammonium citrate, considered unique for 

Agrobacterium tumefaciens biotype I (Moore et al., 1988). Similar variation was 

also seen among the A. vitis strains previously characterized (CG series, see 

Table 2.2). This variability suggests that the population structure of Lubbock 

isolates may consist of at least two clonal lines. The original clonal strains may 

not be locally evolved but rather introduced into the area with the original 

propagating materials. The systemic survival of A. vitis in the plant host is well 

established (Burr and Katz, 1984) and its persistence in surviving in decaying 
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grape and cane tissue for a long period of time provide a successful mean for 

spreading (Burr et al., 1995). 

The diagnostic tests are performed on chromosomally encoded genes that 

are supposedly much more stable than plasmid-encoded factors, because they 

are not subjected to horizontal gene exchange. However, in this study we have 

seen that a significant variation exists among various strains in terms of 

chromosomally encoded genes. Other studies have demonstrated that the 

A. vitis chromosome and Rhizobium strains have a high degree of polymorphism 

(Otten et al., 1992; Martinez et al., 1990). In a very informative study, Schuiz et 

al. (1993) studied 42 A. vitis strains, using genomic fingerprinting and IS 

elements, and identified six genomic groups with homologous restriction 

patterns. They also noted that for every genomic group, a distinct IS elements 

pattern was found. Since IS elements played a major and an important role in Ti 

plasmid and Rhizobium chromosome diversity (Paulus et al., 1989b, Martinez et 

al., 1990; Otten et al., 1992) one can speculate that similar events may be 

associated with the Agrobacterium chromosome. Therefore, the assumption that 

the bacterial chromosome is relatively more stable than plasmid may not be true 

in all cases. 

Screening for opine utilization revealed two groups. The first group 

contained 15 out of the 18 isolates, and all were able to use octopine. However, 

within this group, strains LT7, LT12 and LT9 were able to grow on octopine and 
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nopaline solid media but not on nopaline liquid media. This suggests that they 

are probably true octopine types. All previously isolated octopine strains of A. 

vitis were also cucumopine type (Pournier et al., 1994; Otten et al., 1992; Paulus 

et al., 1989a). Therefore, group I can be classified as octopine/cucumopine (o/c). 

It was not surprising that most of isolates in this study were o/c, since 

approximately half of A. vitis isolated world-wide are o/c (Otten and Ruffray, 1994; 

Van Nuenen et al., 1993). The second group contained LT3, LT10 and LT16 that 

were unable to use either octopine or nopaline, indicating that these strains may 

belong to vitopine group. It is important to note that o/c strains have been 

divided into wide-host-range (WHR) that induce tumors on tobacco and tomato, 

and limited-host-range (LHR) that are only virulent on grape (Paulus et al. 1989b, 

Knauf et al.,1982). Actually the evolution and the predominance of this group 

has been linked to the development of viticulture during last two centuries (Otten 

et al., 1992). The pathogenicity test showed that all o/c strains isolated around 

Lubbock were LHR (Section 2.3.3). This is additional evidence of the clonal 

origin of Lubbock isolates. 

2.3.3 Pathogenicity test 

Agrobacterium isolates were tested for virulence on tomato, sunflower, 

tobacco and grape plants. Strains were considered virulent only if they were able 

to induce a tumor with an equal or greater diameter than the infected stem. This 

was important to define, since sometimes a hypersensitive response or stem 
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swelling tends to look similar to the gall tissue. As was expected, the bacterial 

strain with the broadest host range was the A. tumefaciens ATCC15955. 

Because ali of the other strains were originally isolated from grape, those virulent 

on other hosts were identified as WHR strains. 

Local isolates were LHR being virulent only on grape, with the exception 

of LT12 which was also virulent on tobacco (Table 2.3). The other grapevine 

isolates (CG series) had different host ranges, with most of them virulent on 

tomato, tobacco and grape. The LHR character of the local strains can be 

attributed to the fact that all had o/c Ti plasmids and also that their sites of 

isolation were geographically limited. Contrary to this, the CG strains had 

diverse Ti plasmids and were isolated from a broader geographical area (Table 

2.1 and Table 2.3). Although LHR and WHR o/c strains differ in their host range, 

at the molecular level they share extensive DNA homology (Knauf et al., 1983). 

It was reported that most A. vitis LHR strains have a deletion or a major 

rearrangement on the cytokinin biosynthesis gene (ipt) which renders it inactive 

(Hooykass and Schilperoort, 1992). 

The morphology of the tumor tissue differs from strain to strain (Fig.2.1 to 

Fig.2.8). For example, A. tumefaciens ATCC15955 was super-virulent on tomato 

in terms of rate of appearance and larger size but less virulent on grape, inducing 

small galls. Sunflower was highly resistant to all the Agrobacterium strains, 

except for A. tumefaciens ATCC15955 and several A. vitis that caused a 
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hypersensitive response. Such a response is probably due to the ability of A. 

vitis to produce polygalacturonase and endoglucanase that degrade epidermal 

tissue (Rodriguez-Palenzula et al., 1991; Ophel and Kerr, 1990). Two super-

virulent strains on grape were identified, namely CG475 and LT9. Both strains 

were o/c, highly virulent, and induced tumor formation faster than any other 

bacterium (within two weeks of infection) (Pig.2.4), but most interestingly, the site 

of isolation of both strains was relatively close. The LT9 was isolated from 

Lubbock, TX and CG475 from New Mexico. 

The fact that the same bacterium caused different responses on 

different hosts suggests the involvement of plant factors in the process of 

pathogenicity. The assumption that tumor formation is solely dictated by 

the bacterium may not be true. It is rather a product of the Interaction 

between plant and bacterial factors that determine the degree of virulence 

and the morphology of the tumor. One way the plant interacts with the 

bacteria is at the level of T-DNA integration and its expression. All 

oncogenes located within the T-DNA have eukaryotic regulatory elements; 

therefore, their expression requires plant transcription factors. The plant 

may exploit this characteristic to restrain or inhibit tumor formation and 

hence reduce the host range. This may be why Agrobacterium is unable 

to infect most monocot plants. Grimsley et al. (1987) inoculated maize 

seedlings with T-DNA carrying the maize streak virus genome and found 
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that most seedlings developed viral symptoms. Another experiment 

showed that the limitation to transform maize is due to insufficient T-DNA 

integration and/or expression of T-DNA genes (Narasimhulu et al., 1996). 

The host plant can also affect the genetic make-up of the Inciting bacteria. 

Belanger et al. (1995) reported that five different A. tumefaciens strains 

originally isolated from apple tumors yielded 99% nonpathogenic mutants 

after their reintroduction Into axenic apple plants. Such rearrangement on 

the bacterial genome can be expected more frequently in 

octopine/cucumopine A. vitis strains since, their Ti plasmid is highly 

unstable due to the presence of an unusual duplication of a 2.3-kb DNA 

fragment (Pournier et al., 1994). All of this evidence shows that the host 

plant plays an important role in determining the host range of 

Agrobacterium. 

2.2.4. Molecular characterization of A. vitis 

To make sure that all isolates harbor the pathogenic Ti plasmid, total DNA 

was extracted and plasmids were visualized. All isolates contained large 

plasmid (Pig. 2.5). The plasmid Intensity varied among strains but the size was 

very similar except for LT9 and LT12 that had relatively larger-sized plasmids. 

This may explain some of the uniqueness of the two strains. Unlike all other 

local strains, LT9 was highly virulent on grape and LT12 was the only strain to 
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cause tumors on tobacco. The sizes of the Ti plasmids were equal or greater 

than 120 kb, since the molecular weight of Til 5955 is known to be approximately 

120 kb(Daniela etal., 1978). 

The first objective of this study was to assess the relationship between 

various isolates using genetic markers from the Ti plasmid and from the bacterial 

chromosome. Throughout their evolution, A. vitis evidently experienced 

significant rearrangements in their Ti plasmid. One event was the deletion of the 

6a gene present in A. tumefaciens biotype I (Pournier et al., 1994). As was 

expected, the primers specific for the 6a gene unique to A. tumefaciens amplified 

a single and intense band with DNA from Til 5955 (Pig. 2.8). The size of the 

band was consistent with the predicted fragment of 260 bp. However, when the 

same primers were used with Ti plasmid DNA from all A. vitis strains, no 

amplification was achieved. This clearly shows that the locally isolated strains 

were true A. vitis, although some were similar to A. tumefaciens biotype I based 

on a few biochemical tests. When primers specific for the pheA gene were used 

with total DNA as template, multiple bands were amplified. The predicted band 

of 199 bp was very difficult to assess, since the amplification of the band was not 

reproducible. The pheA gene is a chromosomally located gene specific to A. 

vitis. It encodes polygalacturonase, which is a pectic enzyme that induces root 

decay. In this study, we were not able to use this gene as a marker using 

polymerase chain reaction (PCR). This is probably due either to the lack of 
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appropriate conditions for the PCR or the significant genetic variation of the 

bacterial chromosome. 

The second objective was to assess the level of homology of the 

oncogenic T-DNA region between A. vitis isolates using T-DNA probes pGV0153 

and pGV201 (De Vos et al., 1981). These two probes are clones from the broad 

host range Agrobacterium tumefaciens Ach5, a biotype I strain. Both pGV153 

and pGV201 were used extensively to study DNA homology between virulent 

strains of Agrobacterium. According to Paulus et al. (1989a), pGV153 will 

hybridize with DNA from strains having a significant DNA sequence homology to 

both T-DNA A region (TA) and T-DNA B region (TB) tryptophan monooxygenase 

(iaaM) and indoleacetamide hydrolase (iaaH) genes, while pGV201 will hybridize 

if the homology is significant at isopentenyladenosine phosphotransferase (ipt), 

6b and cos genes. 

Southern hybridization using the pGV0153 probe shows that all isolates 

were homologous in TB and TA iaa genes (Fig. 2.7). This was expected since all 

isolates were assumed to be virulent due to their presence in crown gall tissue 

and detection of a large Ti plasmid. Hybridization using pGV201 revealed that all 

isolates share a significant homology at the ipt, 6b and cos region with exception 

of LT4, LT6 and LT17, indicating a major rearrangement at this region. This did 

not result in loss of virulence as demonstrated before. Actually, the ipt gene is 

not required by A. vitis strains for virulence (Bonnard et al., 1989), but it is 
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necessary to broaden the host range. This was demonstrated by introducing an 

intact ipt gene from a WHR into a LHR strain, which expanded the host range 

(Yanofsky, 1985b). The other genes 6b and cos are not known to play a role in 

tumor formation, and that may explain why strains LT4, LT6 and LT17 remain 

pathogenic. Purther analysis with pGV201 using three different restriction 

enzymes (Eco Rl, Bam H I and Hind III) showed very low polymorphism in the 

phytohormone genes among isolates. This indicates that A. vitis strains are 

highly conserved at this region. In extensive studies, Otten and co-workers 

demonstrated that the iaaM and iaaH genes of octopine, octopine/cucumopine, 

nopaline and succinamopine Ti plasmids are strongly homologous (Otten et al., 

1992; Van Nuenen et al., 1993; Pournier et al.,1994). They also surveyed the 

T-DNA region of five subclasses of o/c Ti plasmids and found that the existing 

differences are predominantly due to insertion elements (IS), and that DNA 

sequences outside the IS elements are more than 99.7% identical (Otten et al. 

1992). Even phytohormone genes from A. tumefaciens biotype I are highly 

homologous with their A. vitis counterparts. Comparing published sequences 

from A. vitis and A. tumefaciens, iaaH genes had 89% DNA homology and iaaM 

genes had 90% homology. Even the CAAT and TATA elements were conserved 

at positions-98 and-57, respectively (Bonnard etal., 1991; Baker etal., 1983). 
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Table 2.1. List of Agrobacterium isolates 

Isolates 
Designation 
LT1 
LT2 
LT3 
LT4 
LT5 
LT6 
LT7 
LT8 
LT9 
LT10 
LT11 
LT12 
LT13 
LT14 
LT15 
LT16 
LT17 
LT18 
ATCC 49767 
ATCC 15955 
CG49 
CG56 
CG101 
CG415 
CG98 
CG108 
CG78 
CG475 
CG81 
CG450 

Biotype 
A. vitis 
A. vitis 
A. vitis 
A. vitis 
A. vitis 
A. vitis 
A. vitis 
A. vitis 
A. vitis 
A. vitis 
A. vitis 
A. vitis 
A. vitis 
A. vitis 
A. vitis 
A. vitis 
A. vitis 
A. vitis 
A. vitis 
A. tumefaciens 
A. vitis 
A. vitis 
A. vitis 
A. vitis 
A. vitis 
A. vitis 
A. vitis 
A. vitis 
A. vitis 
A. vitis 

Host 
Unknown 
Unknown 
Unknown 
Unknown 
Merlot 
Merlot 
Sauv. Blanc 
Sauv. Blanc 
Sauv. Blanc 
CBSV 
Shardonnay 
Shardonnay 
Shardonnay 
Sauv. Blanc 
Sauv. Blanc 
Shardonnay 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 

Source 
Texas 
Texas 
Texas 
Texas 
Texas 
Texas 
Texas 
Texas 
Texas 
Texas 
Texas 
Texas 
Texas 
Texas 
Texas 
Texas 
Texas 
Texas 
ATCC 
ATCC 
New York 
Michigan 
Virginia 
New York 
Virginia 
New Mexico 
New York 
New Mexico 
Michigan 
New York 

81 



v> 

B 
15 o 
E 
a> 
sz 
o 
o 
io 
o 

• . » 

(0 
c 
"ro 
k . 

tn 
E 

ni 

o 
< 

10 
(U 
M 
c 
o 
QL 
(0 
(D 
Q: 

0) 
.O 
(0 

u 
3 

O 
'c o 

S o . 
u o 

= (0 
(0 -c 
. ^ (0 

"c 

(D 

g 

E o 
P c: 
* : .c 

< 
a> u> o 
k . o 
3 

y 
' k . 

a3 
Li. 

0) 
C CO 
o .b 
•c b 

O CO 

"o 
n 
Z 

0) 
(A 

2 c 

+ • " I I I + + + 1 + I + I I 1 + + • I I I I I I 

I I I I I ' > + l + l + l + + l , + + , , , , 
I I I I I 

+ + + + + + + + + + + + + + , + + + + I + + + + + , + + + 

+ + + + + + + + + + + +,+ ,+ , + +,^^^^^_^_ ^ ^ ^ 

+ + + + + + + • + • + . + . + • 1 + + + . 

+ + + + + + + ! I I + . + I + , + . , + , , I l l + 

+ + + + + + + . , . + + + . + + + , , + , , ^ . ^ _^ 

+ + + + + + + + + + + + .̂ + ^ + + + + ^ + _Ĵ  + + + , + + + 
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Table 2.3. Virulence of Agrobacterium strains on selected host and opine 
utilization. 

Virulence on 
Strain Tomato Sunflower Tobacco Grape 

Opine 
Utilized 

LT1 
LT2 
LT3 
LT4 
LT5 
LT6 
LT7 
LT8 
LT9 
LT10 
LT11 
LT12 
LT13 
LT14 
LT15 
LT16 
LT17 
LT18 
49767 
15955 
CG49 
CG56 
CG101 
CG415 
CG98 
CG78 
CG108 
CG475 
CG81 
CG450 

-

-

-

-

-

+ 

+-
-

-

-

+ 
-

+ 
-

+ 
+ 
+ 

HR 
HR 
HR 

HR 

HR 
HR 
+ 

++ 
+ 

+ 
+ 
+ 
+ 
+ 

+: virulent; -: avirulent; ++: supervirulent; HR: hypersensitive 
+/- weak virulence; Vit: vitopine; O/C: octopine cucumopine; 
Oct: octopine; N/D: not determined. 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
++ 
+ 
+ 
+ 
+/-
+ 
+/-
+ 
+ 
+ 
+ 
+/-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
++ 
+ 
+ 

jnsitive 
lopine; 

Oct 
Oct 
N/D 
Oct 
Oct 
Oct 
Oct 
Oct 
Oct 
N/D 
Oct 
Oct 
Oct 
Oct 
Oct 
N/D 
Oct 
Oct 
Oct 
Oct 
Nop 
Nop 
Vit 
O/C 
Vit 
Vit 
O/C 
O/C 
Vit 
Vit 

f response 
Nop: Nopaline 
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Fig 2 1. Tumor induced by Agrobacterium strains on tobacco. A: LT1; B: 
LT2; C: LT3; D: LT4; E:LT5; F:LT6; G:LT7; H:LT8; l:LT9; J:LT10; 
K:LT11; P:LT12; M:LT13; N:LT14; 0:LT15; a:LT16; b:LT17; c:LT18; 
d:ATTC49767; e:ATTC15955; f:CG49; g:CG56; h:CG78; l:CG81; 
j:CG98; k:CG101; l:CG108; m:CG415; n:CG450; o:CG475. 
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Fig. 2.2. Tumor induced by Agrobacterium strains on tomato. A: LT1 • B-
LT2; C: LT3; D: LT4; E:LT5; F:LT6; G:LT7; H:LT8; l:LT9; J:LT'IO; 
K:LT11; P:LT12; M:LT13; N:LT14; 0:LT15; a:LT16; b:LT17; c:LT18-
d:ATTC49767; e:ATTC15955; f:CG49; g:CG56; h:CG78; l:CG81 ' 
j:CG98; k:CG101; l:CG108; m:CG415; n:CG450; o:CG475 
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Fig. 2.3. Tumor induced by Agrobacterium strains on sunflower A" LT1 B 
LT2; C: LT3; D: LT4; E:LT5; F:LT6; G:LT7; H:LT8; l:LT9; JiLTIo' 
K:LT11; P:LT12; M:LT13; N:LT14; 0:LT15; a:LT16; b:LT17 cLT18-
d.ATTC49767;e:ATTC15955;f:CG49;g:CG56;h:CG78- ICG81 ' 
j:CG98; k:CG101; l:CG108; m:CG415; n:CG450; o:CG475 
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Fig. 2.4. Tumor types induced by Agrobacterium vitis strains on 
grape 
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Fig. 2.5. Agarose gel electrophoresis showing Ti plasmids of 
Agrobacterium strains. Lanes: 1: LT1; 2: LT2; 3: LT3;4: LT4; 
5:LT5; 6:LT6; 7:LT7; 8:LT8; 9:LT9; 10:LT10; 11:LT11; 12:LT12; 
13:LT13; 14:LT14; 15:LT15; 16:LT16; 17:LT17; 18:LT18; 
19:ATTC49767; 20:ATTC15955; 21:CG49; 22:CG56; 23:CG78; 
24:CG81; 25:CG98; 26:CG101; 27:CG108; 28:CG415; 
29:CG450; 30:CG475. 
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Fig. 2.6. Southern hybridization analysis of Eco Rl digest of TI plasmid 
using pGV201 probe 
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Fig. 2.7. Southern hybridization analysis of Eco Rl digest of Ti plasmid 
using pGV153 probe 
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M 20 

Fig. 2.8. PCR amplification of 260 bp fragment from A. tumefaciens. 
Lanes: M: molecular Marker (Hind III X)', 20: Ti 15955 amplified 
with primer pair 6a. 
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CHAPTER III 

ANTISENSE RNA MEDIATED RESISTANCE EXPRESSION 

TO GROWN GALL IN TOBACCO 

3.1 Introduction 

Agrobacterium is a soil-inhabiting. Gram-negative pathogen. It causes 

crown gall disease in many woody and herbaceous plants. The host range of 

Agrobacterium includes 600 plant species from 331 genera (DeCleene and 

DeLey, 1976). The tumor formation is the result of the transfer and expression of 

T-DNA genes in the plant host genome. 

Agrobacterium evolved a two-component signal transduction pathway by 

which the process of infection is regulated. This system is composed of VirA and 

VirG proteins. The VirA acts as the environmental sensor and VirG is the 

response regulator that binds to the promoter regions of wr operons. The 

activation of virulence operons leads to the transfer and integration of the T-DNA 

into the host genome. It is the expression of the T-DNA, mainly phytohormone 

genes, that lead to the tumor formation. Auxin and cytokinin are the two main 

phytohormones produced by Agrobacterium T-DNA genes. The ipt gene 

encodes an isopentenyl transferase that catalyses the formation of the cytokinin 

isopentenyl-AMP from isopentenyl pyrophosphate and AMP. The auxin 

biosynthesis is a two-step pathway. The iaaM gene encodes a tryptophan 2-

monooxygenase which catalyzes an oxidative decarboxylation of tryptophan into 
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3-indoleacetamide (lAM), while the iaaH gene encodes indoleacetamide 

hydrolase that converts lAM into 3-indoleacetic acid (IAA). It is important to note 

that auxin biosynthesis in Agrobacterium tumefaciens is very similar to many 

other hormone-producing bacteria such as A. rhizogenes and Pseudomonas 

syringae. Although the organization and mode of expression of phytohormone 

genes are different between microorganisms, significant similarities between the 

amino acid sequences were reported (Camilleri and Jouanin 1991; Yamada et al. 

1985). This indicates that hormonal genes from phytopathogenic bacteria are 

genetically conserved, which explains their vital role in virulence. 

Crown gall is very important disease. It affects a wide range of 

economically important crops, including pome and stone fruit trees, nuts, 

brambles, and grapes (Agrios, 1988). It also affects nursery trees, young 

plantings and ornamentals. The financial impacts of losses due to crown gall 

were estimated to reach $23 million on fruits and nuts alone (Kennedy and 

Alcron, 1980). With the increased acreage of fruit and nuts crops during last two 

decades, the economic losses are probably much higher than this previous 

estimation. 

Among the most susceptible crops to Agrobacterium is grape, especially 

in a climates with severe cold (Burr, 1988). Crown gall disease in grape is 

associated mainly with A. vitis that can exist systemically in healthy grapevines 

(Stover et al.. 1997; Burr and Katz, 1983; Lehoczky, 1971). Burr and Katz (1984) 

reported that a significant portion of grape nursery stock in the USA is 
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systemically infected with A. vitis. Many techniques are used to eradicate or 

control A. vitis, including shoot tip culture (Burr et al., 1988), heat treatment of 

dormant cuttings (Ophel et al., 1990) and biological control using nonpathogenic 

strains (Burr and Reid, 1993). In spites of all these efforts, A. vitis remains a 

major destructive pathogen for grape. One possible approach for protecting 

plants against Agrobacterium infection involves the use of antisense RNA 

sequences to inhibit gene expression. The basic principle of antisense 

technology is that the introduction of an antisense copy of a gene under 

constitutive expression or similar transcriptional control as the target gene results 

in reducing the expression of that gene. 

The use of antisense technology has been successful in protecting plants 

against virus infection by RNA viruses (Cuzzo et al., 1988; Hemenway et al., 

1988). Expressing an antisense gene that inhibits ethylene biosynthesis in 

transgenic tomato plants prolonged shelf life of the tomato fruit by delaying 

ripening (Hamilton et al., 1990; Bird et al., 1991). There are also several reports 

on the success of this approach in manipulating biochemical pathways in plants 

(Elomaa et al., 1993; Mate et al., 1993; Riesmeier et al., 1994). 

The objectives this study were to clone and construct T-DNA auxin 

biosynthesis genes in an antisense orientation, transform these constructs into 

tobacco and test for tumor formation when transgenic plants are challenged with 

wild \ype-Agrobacterium. 
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3.2 Materials and Methods 

3.2.2 Construction of chimeric iaaM and iaaH antisense 

3.2.2.1 Isolation of/aa/W and iaaH genes 

The iaaM and iaaH genes were isolated from the Agrobacterium 

tumefaciens pT115955 using polymerase chain reaction (PCR). The Ti plasmid 

was isolated and purified as previously described in Section 2.2.4. Using 1 î l of 

the plasmid DNA as a template, a PCR reaction was performed in a volume of 50 

pi using Taq DNA polymerase (Fisher Scientific, Piano, TX). The oligonucleotide 

primers were designed according to the published sequences of the iaaM and 

iaaH genes (Baker et al. 1982). The primers flanked the entire coding region for 

both genes. For iaaM, the 5' primer was (5'TTCTAACAATGTCAGCTTCA3') and 

the 3' primer was (3TGATCTTTAATCAGATACCT5'). For the iaaH, the 5' primer 

(5'CTCAGAGAGATGGTGGCCATT3') was used and the 3' primer 

(3'AACGGCCAAATGGGTTAATTT5') was used. The reaction conditions were 

95°C for 1 min, 50°C for 30 seconds and 72°C for 1 min. This reaction was 

repeated for 32 cycles. 

3.2.2.2 TA Cloning 

One microliter of the amplified PCR product was ligated into pGEM-T 

(Promega Corporation, Madison, Wl) using T4 DNA ligase. The pGEM-T vector 

has a single deoxy-T-overhang at each 3'end that is complementary to the 
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deoxy-A overhangs created in the PCR product by Taq polymerase, allowing an 

efficient ligation. The pGEM-T also has an ampicillin resistance gene for 

selection, as well as T7 and SP6 universal primers for sequencing. Two 

microliters of the ligation reaction were used to transform competent E. coli strain 

DH5a. Cells were then plated on LB plates with 5-bromo-4-chloro-3-indolyl-p-D-

galactoside (X-gal). White colonies were selected for plasmid Isolation, and the 

plasmids were digested with Not I to check for the presence of the insert. The 

pGEM-T has a recognition site for Not I flanking the insertion site. Plasmids with 

inserts that correspond to the expected length of iaaM and iaaH were sequenced 

using automated sequencer. The pGEM-T plasmids containing the full-length 

coding sequences were designated as pGEMT-/aa/W and pGEMT-/aa/-/ 

respectively. Plasmid isolation from E. coli was performed by the boiling method 

according to Maniatis et al., (1982). 

3.2.2.3 Construction of iaaM and iaaH antisense constructs 

Antisense iaaM (Pigure 3.1) was made by ligating the Eco Rl iaaM 

fragment from pGEM-T-/aa/W into the Eco Rl site of the expression vector pRTL3 

to make pRTL3-As-/aa/W. The pRTL3-As-/aa/W plasmid was digested with Sph I 

and blunt-ended by the Klenow fragment of E. coli DNA polymerase I. The DNA 

fragment was then ligated into the blunt-end Hind III site of the binary vector 

pCGN 1578, creating pCGN-AS-/aa/W. The pGEM-T-/aaH plasmid (Figure 3.2) 

was cut with Not I and blunt-ended. The purified fragment was then ligated into 
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the blunt-end Xho I site of pRTL-3 to create pRJl-As-iaaH. The expression 

cassette was isolated by digesting pRTL-As-/aaH with Hind III and ligating it into 

the Hind III site of pCGN 1578 to create pCGN-As-/aaH. 

The pRTL3 plasmid is similar to pRTL2 except that it lacks the TEV leader 

sequence. The pRTL3 plasmid contains a Cauliflower mosaic virus (CaMV) 35S 

promoter with a duplicated enhancer region, a CaMV 35S 3' terminator, and a 

polyadenylation signal which cause over-expression of the insert. 

3.2.3 Development of Transgenic Tobacco 

3.2.3.1 Transformation of Agrobacterium cells 

The chimeric antisense gene constructs pCGN-As-/aa/W and pCGN-As-

iaaH were mobilized into A. tumefaciens strain EHA 101 by direct transformation. 

Cells were grown overnight in 50ml MG/L medium (Appendix D) containing 50 

pg/ml of kanamycin at 30°C in a shaking incubator (250 rpm). One ml of over

night grown EHA cells was inoculated into 50 ml of MG/L media with no 

antibiotics and grown for six hours at 30°C. Cells were then collected by 

centrifugation for 10 min at 12,000 rpm and resuspended in 2 ml of fresh MG/L 

media. One pg of the purified plasmid with chimeric construct was mixed with 

200 pi of pelleted cells. The mixture was then frozen immediately in liquid 

nitrogen, thawed at 37°C for 5 min, and transferred to 1 ml of MG/L to grow for 2 

hours at 30°C in a shaking incubator. The culture was plated onto MG/L plates 
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containing 100 pg/ml of gentamycin and grown at 30°C. Transformant colonies 

were grown in MG/L liquid media (supplied with 200 pi of LB) with 100 pg/ml of 

gentamycin and 50 pg/ml of kanamycin. Plasmids were recovered using a 

modified alkaline lysis method. Two pg/ml lysozyme were added to the 

resuspension solution. Plasmids were analyzed by restriction analysis and 

Southern blotting. 

3.2.3.2 Agrobacfer/tym-mediated tobacco transformation 

Tobacco (Nicotiana tabacum cv Xanti) leaf disk inoculation was performed 

according to Horsch et al. (1985). Fully expanded, healthy leaves from 3-month-

old tobacco plants were collected, disinfected in 14% chlorox for 5 min. and 

washed 5 times with sterile water. A number 7 cork borer was used to make leaf 

disk punches 1.5 cm in diameter. The leaf disks were immersed for 5 min in the 

Agrobacterium solution that contained the chimeric antisense construct, blotted 

on sterile 3M paper and placed upside down on MSA nutrient plates (Appendix 

VI) for 2 days to allow infection to occur. They were then transferred to MSB 

plates (Appendix VI) containing hormones and antibiotics that promoted growth 

of callus and shoot formation. Shoots that were formed from calluses were cut 

and transferred to MSC plates (Appendix D) for root formation. Once visible 

roots were developed, plantlets were transferred into Magenta boxes with sterile 
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potting soil and slowly acclimated prior to potting in two-gallons containers in the 

greenhouse. 

3.2.4 Characterization of Transgenic Tobacco Plant 

3.2.4.1Tobacco DNA and RNA Extraction 

Plant DNA was isolated from expected transgenic tobacco according to 

Dellaporta et al. (1983), with one exception, the starting plant tissue was 3 grams 

of leaf tissue instead of 0.75 g. Plant DNA was used to amplify the chimeric 

antisense gene using PCR. The PCR reaction and conditions were as described 

before (Section 3.2.2). 

Total RNA was extracted from transgenic and wild-type tobacco plant 

using PUREscript (Promega Corporation, Madison, Wl). Leaf discs were 

collected from fully expanded leaves of approximately two-months-old tobacco 

plants and placed in foil pouches, frozen in liquid nitrogen and stored at-80 °C. 

Discs were placed in micro-centrifuge tubes and ground. Once the discs were 

powdery, 300 pi of cell lysis solution were added and the discs were ground for 

5-10 more strokes. Then 100 pi of protein-DNA precipitation solution were 

added, and the tubes were inverted 10 times and placed on ice for 10 min. After 

the tubes were spin for 10 min at 4 °C, the supernatant was collected in a new 

tube and 400 pi of isopropanol was added and mixed. Total RNA was 

precipitated at -20 °C for ten hours. After a 5-min spin at 4 °C, pellets were 

99 



washed with 400 pi of 70% EtOH. Samples were dried in a Speedvac for 15 min 

after the EtOH was discarded. Fifty pi of RNA rehydration solution was added to 

the dry pellet. Samples were vortexed, incubated on ice for 30 min and stored at 

-80 °C. The total RNA samples were quantified at 260 nm by using a Shimadzu 

UV160U spectrophotometer. The total RNA isolated by this method was used for 

Northern blots. 

Northern blotting and hybridization analysis was done by using 15 )ig of 

total RNA electrophotically separated on 1% agarose gels containing 20% 

formaldehyde, in a IX MOPS buffer (0.2 M MOPS, 8 mM NaOAc, ImM EDTA, 

pH 7.0). The gels containing the RNA were soaked in 75 mM sodium hydroxide 

for 30 min, washed in water for 15 min, washed in 20X SSPE (3 M NaCI, 0.2 M 

NaH2P04, 20 mM EDTA, pH 8.0) for 40 min and transferred to nitrocellulose 

membranes using 20X SSPE as a transfer buffer according to Maniatis at al. 

(1982). The nitrocellulose membranes were dried at 82 °C for 3-4 hours in a 

vacuum oven and stored in plastic containers. The membranes were 

prehybridized for 2 hours at 42 °C in a solution containing 50% (v/v) formamide, 

2X Denhardt's solution (IX Denhardt's is 0.02% PVP, 0.02% Picoll, 0.02% BSA), 

0.1% SDS and 5x SSPE. Hybridization was carried out in the same buffer 

solution plus the denatured ^^P-labeled probe (As-/aa/Wand As-/aaH fragments) 

at 40 °C. The membrane was washed with 2X, IX and 0.5X SET (3 M NaCI, 0.4 

M Tris pH 7.8 and 20 mM EDTA) for 30 min at 60 °C. X-ray film was exposed to 

the dried membrane at -80 °C for 24 hours. 
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3.2.4.2 Reverse transcriptase polymerase chain reaction 

In order to quantify the expression of the antisense gene in tobacco, 

reverse transcriptase polymerase chain reaction (RT-PCR) was performed. The 

total RNA used for RT-PCR was isolated from powder of frozen tobacco leaf 

disks using the acid guanidinium thiocyanate method (Chomczynski and Sacchi, 

1987). 

First-strand cDNA was synthesized from total RNA isolated from 

transgenic and wild-type tobacco using Moloney murine leukemia virus reverse 

transcriptase and oligo dT (Promega, Madison, Wl) as primer. Using 2 pi of the 

first-strand cDNA as template, a PCR reaction was performed in a volume of 

50 pi using Taq DNA polymerase. The primers and the PCR reaction were as 

previously described (Section 2.2.4) with one exception: the PCR reaction was 

extended for 35 cycles. Visualization of the cDNA amplification was performed 

by running the PCR product on 1.3 % agarose gel at 40 volts for 3 hours. 

3.2.4.3 Evaluation of tobacco plant expressing antisense iaaM 

and iaaH genes 

At anthesis, fully expanded leaves from transgenic and wild-type tobacco 

were harvested from the greenhouse, and washed three times with deionized 

water and lightly blotted dry. Leaves were then soaked in 10 % chlorox for 15 
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minutes and transferred to sterile deionized water for 2 min. This step was 

repeated three times. Leaves were cut into sections of approximately 1.5 cm^ in 

Petri dishes containing 1 ml of wild-type Agrobacterium tumefaciens culture. 

Plant pieces were then blotted on autoclaved paper towels and transferred to 

one-half strength MS medium plates. After 2 days, plant pieces were transferred 

to the same medium containing mefoxin at 500 mg/L. Three weeks later, plant 

tissue was phenotypically evaluated for resistance to Agrobacterium 

tumefaciens. The resistance was evaluated in terms of tumor size and number 

of tumors per tissue surface area. In addition to transgenic tobacco plants 

expressing the antisense iaaM and iaaH genes, three other controls were 

evaluated, a transgenic tobacco plant expressing glutathione S-transferase gene 

(transformed using the same binary vector as As-iaaM and As-iaaH) and two 

wild-type tobacco plants, one generated by tissue culture and the other 

germinated from seed. Tumor diameter was measured with an electronic caliper. 

This experiment was designed as a completely randomized trial with 6 genotypes 

and six replications. For comparison between means, least-significant-difference 

(LSD) test (P= 0.05) was used. To evaluate the response of the whole plant, 

stems of mature transgenic and wild-type tobacco were wounded with a sterile 

needle and freshly cultured Agrobacterium strains were applied to the wound. 
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3.3 Results and Discussion 

Auxin biosynthesis genes from Agrobacterium tumefaciens ATCC15955 

were used to test the effectiveness of antisense technology to block tumor 

development. Agrobacterium tumefaciens ATCC^5955 was used because it is 

highly virulent, has a wide host range, and its T-DNA has already been 

sequenced. A. tumefaciens iaaM and iaaH genes were amplified using PCR. 

The bands amplified corresponded to the expected size of the coding sequences 

of both genes (Figure 3.3): iaaM is 2.2 kb and iaaH is 1.4 kb. The -- 700 bp band 

corresponded to another phytohormone gene called ipt. The iaaM and iaaH PCR 

products were cloned into the pGEM-T plasmid. This plasmid was chosen 

because of many advantages. It has a single deoxy-T overhang at each 3' end 

complementary to the deoxy-A overhangs created in the PCR product by Taq 

DNA polymerase. Sequencing using T7 and SP6 as primers showed that the 

cloned fragments were identical to the previously published sequences of iaaM 

and iaaH (Baker et al. 1983) data not presented. This indicates that PCR is a 

reliable technique to directly clone bacterial phytohormone genes. 

Both coding sequences were inserted into pRTL3. This plasmid was 

developed in Dr. Allen Randy laboratory at Texas Tech University. It was made 

to specifically express antisense constructs. The pRTL3 is similar to pRTL2. 

Both have the cauliflower mosaic virus (CaMV) 35S promoter, a CaMV 35S 3' 

terminator, and a polyadenylation signal that cause overexpression of the 

inserted DNA. The pRTL3, however, lacks the TEV leader sequence allowing an 
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efficient antisense effect. The orientation of the inserts were checked first by 

restriction mapping followed by sequencing. The antisense constructs were 

inserted into the binary vector pCGN 1578. This plasmid contains the left and 

right T-DNA border sequences that are necessary for plant transformation. 

Using PCR and Southern hybridization, six independent antisense iaaM 

and four independents antisense iaaHsNere identified. Southern hybridization 

was performed using ^^P-labelled iaaM and /aa/^ fragments as probe. However, 

several transgenic plants showed very unusual growth resembling permanent 

nitrogen deficiency compare to the control. Those plants were discarded from 

this study. Transgenic tobacco plants that expressed the antisense constructs 

were identified by Northern blot analyses using ^^P-labelled iaaM and iaaH 

fragments as probes. Figure 3.4A and B show that transgenic tobacco plants 

accumulated high levels of antisense mRNA compare to the control. To further 

evaluate the expression level of both constructs, RT-PCR was used. Figure 3.5 

shows the strong expression of the antisense genes from both transgenic plants. 

However, the level of antisense iaaH was much higher than antisense iaaM. 

Although, the expected bands were amplified from both transgenic plants, a 

small-sized band of approximately 350 bp was amplified from antisense iaaH 

plants. This is probably due to the primers recognizing an untargeted cDNA 

fragment. 

Transgenic tobacco plants were evaluated phenotypically by challenging 

leaf tissue with wild type A. tumefaciens. No plants showed a complete 
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resistance to the bacteria (Figures 3.6 and 3.7), indicating that the auxin is not 

the only virulence factor in tumor development. Resistance was estimated in 

terms of frequency of tumor galls formed per 2 cm^ of tissue and the morphology 

of the tumor. Table 3.1 shows that the expression of both constructs affected the 

frequency and the morphology of the induced tumor. The controls had more 

galls per surface area and relatively larger tumors than transgenic plants, 

indicating a significant interaction at the level of gene expression. No significant 

differences were detected between controls in terms of tumor frequency, 

however control II (tobacco plants generated from tissue culture) had smaller 

tumor galls than the other controls. This is probably due to a microenvironment 

effect rather than an inherited trait. The expression of antisense iaaM reduced 

gall size by 46% and gall frequency by 45% and antisense iaaH by 16% and 36% 

respectively. However, 60% of samples from antisense iaaH plants formed roots 

in response to Agrobacterium infection (Table 3.1), while 16% of antisense iaaM 

had roots. These roots can be considered as tumorous tissue, since other 

Agrobacterium species induce tumors in the form of roots. Actually, 

Agrobacterium tumefaciens induced roots on stems of Kalanchoe 

diagremontiana stem (data not shown). 

Agrobacterium tumefaciens causes tumors in plants by inducing the 

production of high and unbalanced levels of auxin and cytokinin. Two genes of 

the T-DNA from A. tumefaciens encode enzymes for auxin biosynthesis: the 

iaaM gene which encodes tryptophan monooxygenase and the iaaH gene 
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encodes indoleactamlde hydrolase. In an attempt to block the tumor formation, 

the antisense of iaaM and IaaH were expressed In transgenic tobacco plants. 

Although the frequency and morphology of tumors were reduced, both transgenic 

plants formed tumors after infection. This indicates that the unbalanced ratio 

between auxin and cytokinin still exist at least in the antisense iaaM plants. This 

means that auxin biosynthesis was not completely inhibited. Other genes on the 

T-DNA may complement the suppression of the iaaM or iaaH genes. Gene5 and 

6b have been implicated in auxin and cytokinin regulation (Winans, 1992). 

Tinland et al. (1990) reported that gene 6b has an auxin-like effect on plants, 

while geneS modulates auxin responses in plants by autoregulating the synthesis 

of an auxin antagonist, indole-3-lactate (Korber et al., 1991). The behavior of 

gened is not yet known when auxin biosynthesis is inhibited. All of these findings 

suggest that there are other factors involved in auxin regulation besides iaaM 

and iaaH. It will be interesting to clone the entire T-DNA in the antisense 

orientation, expressing it into plants and evaluate them for resistance. This will 

eliminate the problem of complementation between various genes. The fact that 

antisense iaaH expressing plants formed roots when infected with A. tumefaciens 

indicates that the antisense construct had the opposite effect, since roots are 

Induced when the ratio of auxin to cytokinin is high. The antisense iaaH plants 

probably blocked the conversion of lAM to IAA, which led to an accumulation of 

lAM in plant tissue. Although lAM has been shown to be an inactive compound 

in plants (Klee et al. 1987), plant cells may converts it into IAA. The ability of 
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plant cells to hydrolyze lAM has been reported (Klee et al., 1987). These studies 

in combination with our observations show that manipulating the iaaH gene to 

acquire resistance to Agrobacterium may not be efficient. However, the first step 

in auxin biosynthesis seems promising, assuming that all T-DNA genes are well 

characterized. 
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Table 3.1. Tumor size, number, and frequency of tumor formation in 
transgenic and wild type tobacco plants after infection by 
Agrobacterium tumefaciens. 

Tumor 
Sample Size (cm) number 

% rooting 

Control 1 

Control Ii 

Control III 

Antisense 
iaaM 

Antisense 
iaaH 

0.44±0.16a 

0.34±0.12bc 

0.41±0.15ab 

0.2±0.10d 

0.31±0.12c 

10±4.4a 

11±5.0a 

12±2.7a 

6±3.0b 

7±4.0b 

0 

11 

0 

16 

60 

Values with the same letters are not significantly different at 0.05 probability 
level 
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Table 3.2. Reduction in tumor size and number due to the expression 
of the antisense iaaM and iaaH genes in tobacco plants 

% reduction in tumor 
Sample Size (cm) number 

Antisense 46 45 
iaaM 

Antisense 16 36 
iaaH 
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Fig. 3.1. Strategy for the development of the antisense iaaM construct 
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Fig. 3.2. strategy for the development of the antisense iaaH construct 
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RTH M 

Fig. 3.3. PCR amplification of phytohormone genes from the Ti plasmid of 
Agrobacterium tumefaciens. Lanes: R: X DNA Eco Rl/ Hind II 
marker, size on kb; T: amplification of the ipt gene; H: 
amplification of iaaH gene and M: amplification of iaaM gene. 

115 



MC 

Fig. 3.4. Total RNA and Northern blot analysis of iaaM and IaaH antisense in 
tobacco. AM: The total RNA from tobacco expressing antisense iaaM; 
AC: The Total RNA from wild-type tobacco; AH: The Total RNA from 
tobacco expressing antisense IaaH. BM: antisense /aa/W transcripts 
hybridize with ^^P-labelle /aa/W gene and BH: antisense /aa/^ transcripts 
hybridize with ^^P-labelled iaaH gene 
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Fig. 3.5. RT-PCR analysis of iaaM and iaaH antisense transcripts. 
Lane: R: 1 kb DNA ladder; M: amplification of/aa/W cDNA; H: 
amplification of iaaH cDNA. 
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Fig. 3.6. Tumor morphology induced by Agrobacterium tumefaciens on 
tobacco leaf tissue, a; wild-type Xanthi grown from seed; b; wild 
type Xanthi generated from tissue culture and c; transgenic tobacco 
expressing glutathione S-transferase gene. 
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Fig. 3.7. Tumor morphology induced by Agrobacterium tumefaciens on 
trangenic tobacco leaf tissue, a; transgenic tobacco expressing 
iaaM antisense and b; transgenic tobacco expressing iaaH 
antisense. 
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CHAPTER IV 

CONCLUSIONS 

The main objectives of this study were first to characterize the local 

isolates of Agrobacterium vitis and test the possibility of using antisense 

technology to induce resistance to Agrobatreium infection in transgenic plants. A 

vitis is a pathogen, well associated with crown gall disease in grape. The 

destruction of several vineyards around Lubbock,TX, was due to high infestation 

of Agrobacterium vitis. 

Significant variation was obsen/ed at the level of the biochemical tests. 

However, local isolates had a narrow host range and most of them had an 

octopine-cucumopine Ti plasmid. The T-DNA region containing phytohormone 

genes was well conserved among the isolates. This indicates that the local 

population of A. vitis is probably of a clonal origin. Since, A. vitis can survive 

systemically in healthy grapevine, the introduction of A. vitis into Lubbock area 

was probably via plant material from other parts of the country. This indicates 

that introduced material from other grape growing areas should be indexed 

before planting. This study also showed that the level of infestation varied 

between grape cultivars and that the systemic behavior of A. vitis can be 

influenced by both the host and the environment. 

Tobacco was used as a model to test whether transgenic plants with T-

DNA auxin biosynthetic genes in an antisense orientation would block tumor 
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morphology. The expression of iaaM antisense RNA resulted in an 

approximately 46% reduction in the number of tumors. The iaaM anfisense also 

affected tumor morphology by reducing tumor size. Plants expressing iaaH 

antisense had fewer tumors than the control, but more than 60% of samples 

formed roots when infected with Agrobacterium. The incomplete suppression of 

tumor formafion may be due to the presense of other loci on the T-DNA that are 

also involved in auxin biosynthesis. Although a complete inhibifion of 

tumorigenesis was not achieved, the fact that both tumor frequency and 

morphology changed, indicate that further manipulation of phytohormone genes 

using antisense technology may result in complete resistance to Agrobacterium 

tumefaciens species in transgenic plants. It will be interesting to test if the 

expression of the entire T-DNA in anfisense orientation will result in a complete 

resistance, since gene complementaion will not occur. 
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APPENDIX A 

SELCTIVE MEDIA FOR AGROBACTRIUM BIOTYPING 

I.D-1 media 
Per liter 

Mannitol 15.0g 
NaNOs 5.0g 
LiCI 6.0g 
Ca(N03)2.4H20 0.002g 
K2HPO4 2.0g 
MgS04.7 H2O 0.2g 
Bromthymol blue O.lg 
Agar 15.0g 
The pH is adjusted to 7.2 after autoclaving and should apper dark blue 

II.Medium 1A 

L(-) arabitol 3.04g 
NH4NO3 0.16g 
K2HPO4 1.04g 
KH2PO4 0.54g 
Sodium taurochlate 0.29g 
MgS04.7 H2O 0.25g 
Agar 15g 
Crystal violet, 0.1% (w/v) aqueous 2ml 
Autocleave, cool to about 50 C, then add filter-sterilized cycloheximide: 1.0 ml of 
2% solution and Na2Se03: 6.6 ml of 1% solution. 

III. Medium 2E 

Erythritol 3.05g 
NH4NO3 0.16g 
KH2PO4 0.54g 
K2HPO4 1.04g 
Yeast extract, 1 % (w/v) aqueous 1 ml 
Sodium taurochlate 0.29g 
MgS04.7 H2O 0.25g 
Agar 15g 
Malchite green, 0.1% (w/v) aqueous 5ml 
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Autocleave, cool to about 50 C, then add filter-sterilized cycloheximide: 1.0 ml of 
2% solution and Na2Se03 : 6.6 ml of 1% solufion. 

IV. Rov-Sasser medium 

Adonitol 
NH4NO3 
KH2PO4 
K2HPO4 
Yeast extract, 1 % (w/v) aqueous 
MgS04.7 H2O 
Nad 
H3B03 
Agar 
Chlorothalonil (Bravo 500), 4% (w/v) 

4.0g 
0.16g 
0.7g 
0.9g 
0.14g 
0.2g 
0.2g 
I.Og 
15.0g 
0.5 ml 

Adjust to pH 7.2 before adding agar, autoclave, cool to 50 C and add aseptically 
after dissolving seoparately in 3 ml of distilled water and after sterilizing: 
Triphenyltertrazolium chloride 80mg 
D-cycloserine 20mg 
Trimethoprim (add 1 drop HCI) 20mg 
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APPEMDIX B 

BIOCHEMICAL TESTS 

3-Ketolactose test 

Inoculate bacterial strains over 1.0 cm-diameter spot on media containing 1% a-
lactose, 0.1 yeast extract, and 2% agar. Incubate the plate at 27 C for 2 days. 
Then flood the agar surface with a shallow layer of Benedict's reagent and place 
at room temperature. In approximately 1 hour, a yellow ring of Cu20 will form 
around the cell if 3-Ketolactose is present. 
Benedict's reagent: 173 g of sodium citrate and lOOg of anhydrous sodium 
carbonate is disolved in 600 ml of disfilled water with heating. Dissolve 17.3 g of 
curpric sulfate in 150 ml disfilled water. Slowly add the curpic sulfate solution 
into a large beaker containing the sodium citrate carbonate solution, while stirring 
constantly. Dilute to 1 liter. 

Growth in ferric ammonium citrate broth 

A liter solufion contains (Ferric ammonium citrate lOg, MgS04.7H20 0.5g, 
K2HP04 0.5g and Cacl2 0.2g). Adjust to pH 7.0 then autoclave. Inoculate 
the culture tubes and incubate in a stafionary posifion. Biovar 1 strain will 
produce a reddish brown pellicle at the surface of the medium. 

Acid production from Eryhtritol. Melezitose and Sucrose 

A liter of basal medium contains (MgS04.7H20 0.2g, K2HP04 1 .Og ,KCI 0.2g, 
yeast extract I.Og Bromthymol blue, 1% (w/v) in 50% ethanol 3.0 ml) Adjust the 
pH to 7.1 with 1M NaOH then add 1.5g Agar and autoclave. Add one part of 
filter-sterilized 10% (w/v) Eryhtritol, Melezitose or Sucrose solufion to 9 parts 
steril and cooled basal media, then dispense asepfically about 4 ml of medium to 
sterile tubes. The production of a yellow color in the medium indicates 
production of acid from oxidafion of Eryhtritol, Melezitose and Sucrose. 

Growth in 2% Nad 

Inoculate NYB plates containing 2% (w/v) Nad and check for growth 
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Citrate utilization 

A liter of basal medium conatins ( NaCI S.Og, MgS04.7H20 0.2g, K2HP04 
1.0g, NH4H2P04 1.0g, sodium citrate 2.0g, bromthymol blue, 1% (w/v) in 
50% ethanol 15 ml) adjust to pH 6.8 and add 20g of Agar. 
Dispense the medium in test-tubes, autoclave at 121 C for 15 minutes and 
slant the tubes to cool. After 24-48 hours, the inoculated medium turns to 
a deep Prussian blue if citrate has been utilized. 

Alkali production from malonic acid 

A liter of medium conatins (NaCI 2.0g, K2HP04 1.0g, KH2P04 0.4g, 
(NH4)2S04 2.0g, yeast extract O.lg, malonic acid, sodium salt 3.0g, 
bromthymol blue, 1%. Adjust to pH 7.0, dispense 3-4 ml of medium in test 
tube before autoclaving. Inoculate the medium and incubate at 27 C. the 
media will turn blue when alkali is produced. 

Alkali production from mucic acid, propionic acid and L-tartaric acid 

A liter of medium conatins (NaNH4P04 0.5 g, K2HP04 I.Og, KH2P04 
0.4g, KCI 0.2g, bromthymol blue, 1%. Adjust to pH 7.0, dispense 3-4 ml of 
medium in test tube before autoclaving. Then aseptically add 0.5 ml of 
filter sterilized 1% solution of either L-tartaric acid, mucic acid, or propionic 
acid previously neutralized with NaoH. After inoculation, incubate at 27 C 
for about two weeks. The medium will turn blue when alkali is produced. 

Opine utilization 

A liter of basal medium contains (K2HP04 7.2.0g, KH2P04 2.8g, 
MgS04.7H20 0.2g, Cad2.2H20 11mg, FeS04 5mg, MnCI2.4H20 2mg) 
Adjust to pH 7.2 and add 5g of gelrite and autocleave. Then aseptically 
add 5Mm of the filter sterilized opine tested. 
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APPENDIX C 

LIST OF CROWN GALL SAMPLES, HOST AND LOCATION 

T a b l e d . Collected galls 

Crown gall Culfivars Vinyard 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Unknown 
Unknown 
Unknown 
Unknown 
Merlot 
Merlot 
Shardonnay 
Shardonnay 
Sauvignian Blanc 
Shardonnay 
Shardonnay 
Shardonnay 
Sauvignian Blanc 
Sauvignian Blanc 
CBSV 
Shardonnay 
Shardonnay 
Shardonnay 
Sauvignian Blanc 
Sauvignian Blanc 
Shardonnay 
Unknown 
Unknown 

Pheasant Ridge 
Pheasant Ridge 
Pheasant Ridge 
Pheasant Ridge 
Bill Brown 
Bill Brown 
Bill Brown 
Bill Brown 
Morris 
Morris 
Morris 
Morris 
Morris 
Morris 
Bobby young 
Bobby young 
Bobby young 
Bobby young 
Brownfield 
Brownfield 
Brownfield 
Lubbock 
Lubbock 
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APPENDIX D 

TRANSFORMATION AND TISSUE CULTURE MEDIA 

MG/L medium 

To 800 ml of deionized water, add: 0.5g Mannitol; I.Og L-glutamic acid or 
1.15gsodium glutamate; 5.0 tryptophane; 2.5g yeast extract; 0.25g KH2P04; 
O.lg NaCI; O.lg MgS04.7H20. Mix well and adjust the pH to 7.0 with 1 M NaoH. 
Adjust the volume to 1L. Add 2.0g Phytagel. Autoclave. 

MSA Plates for inoculafion 

To 800 ml of deionized water, add 1 bag of Murashige and Skoog 
BasalSalt, 30g sucrose, 1ml 1000X vitamins B-5, 10 ul ng/ml NAA, 200 ul 
5mg/ml BA. Mix well, adjust pH to 7.0. Adjust volume to 1 L. Add 2.0 g 
phytagel. Autoclave. Pour into 10x200 fissue culture plates. 

MSB Plates for shoot and callus formafion 

Same a MSA except for the addifion of antibiotics as follows: 
50 ug/ml Kanamycin 
300 ug/ml Cefotaxime 
300 ug/ml Carbenicillin 

MSC Plates for root formation 

Same as MSB except that no NAA or BA hormones were added. The 
concentrations of the antibiotics is the same. 

127 


