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ABSTRACT 

The objective of this research was to introduce chitinase and p-l,3-glucanase 

genes into cotton to improve resistance to fungal pathogens through the pollen tube 

pathway-mediated transformation (PTP). To confirm the success of this method, DNA of 

a plasmid pRTL2-GUS containing uidA (coding sequence for p-glucuronidase) was 

introduced into cotton iGossypium hirsutum L.) 'Paymaster HS26', 'Stovepipe', and 

'CA3048'. Seeds formed from treated flowers were allowed to mature on the plants. 

Seedlings grown from seeds harvested from treated flowers were screened for the 

presence of uidA by PCR and GUS (p-glucuronidase) expression by histochemical assay. 

The overall transformation frequency was 11.7 %. Southem hybridizations of Ti progeny 

confirmed that the uidA transgene was integrated into the cotton genome. GUS 

expressions were detected in the plants of two generations. In T2 progeny, GUS 

segregation of uidA followed the expected 3:lMendelian genetic ratio. Our results 

confirmed transformation of uidA via PTP. 

Chitinases and /3-1,3-glucanases have been used in transgenic plants to improve 

resistance to pathogens. In this study, fertile, transgenic cotton iGossypium hirsutum L.) 

plants expressing a bean chitinase and an Arabidopsis jS-l,3-glucanase were generated 

using pollen tube pathway-mediated transformation system. Ch5b from Phaseolus 

vulgaris L. and bg2 from Arabidopsis thaliana L. were cloned into plasmid pRTL2 

driven by the CaMV 35S promoter. The transgenes ch5b and bg2 were successfully 

delivered into two breeding lines of cotton. Southem blot and slab blot analyses of DNA 

isolated from T2 progeny demonstrated that the transgenes were stably integrated into the 
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genome of transgenic cotton plants and inherited by the offspring. Expression of the 

chitinase and /3-1,3-glucanase gene was detected in transgenic T2 cotton plants. 

Transgenic T2 and T3 plants examined for resistance to the fiingal pathogen Rhizoctonia 

solani Kuhn in a growth chamber exhibited less root rot and fewer hypocotyl lesions than 

non-transgenic control plants. Greenhouse screening tests indicated that the ability to 

resist the fungal pathogen R. solani increased in these plants. Our results suggest that the 

chitinase and j8-l,3-glucanase genes functioned in cotton and were expressed in fertile 

plants. The pollen tube pathway transformation strategy may be useful for the control of 

other fungal diseases of plants. 

Key words GUS, chitinase,/3-1,3-glucanase, on/?/a«to transformation, cotton, 

Gossypium hirsutum L., pollen tube pathway, seedling disease, Rhizoctonia solani 
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CHAPTER I 

LITERATURE REVIEW 

The Importance of Cotton 

Cotton is the main source of natural fiber in the world. This crop can be grown 

under a wide variety of conditions, geographically spanning five continents. The United 

States cotton economy makes up 23.5% of the world's cotton consumption at the retail 

level (Lange, 2000). In 2000, the United States produced 3.748 billion kg of cotton from 

5.3 miUion hectares (National Cotton Council of America, www.cotton.org). Texas alone 

produced 980.6 miUion kg from 1.78 million hectares comprising 26.5% of the total crop 

production. In that same year, cotton, including lint and seed in Texas brought in 1.027 

billion dollars, or 7.7% of the agricultural cash receipts, ranking it in 3rd place in the 

agricultural income of Texas (Texas Agricultural Statistics Service, 2000). Cotton is 

essential to the economy of Texas as its highest valued crop. The majority of upland 

cotton is produced in the Texas High Plains, which consists of the Northern High Plains 

and Southem High Plains. Of the 1.78 million hectares harvested in Texas in 2000, 1.15 

miUion hectares were in the Texas High Plains, and the 505.14 million kg harvested made 

up 59%) of the cotton produced in the State of Texas (Texas Agricultural Statistics 

Service, 2000). 

Cotton Seedling Diseases 

Cotton production all over the world is susceptible to seedling diseases, which can 

lead to stand losses when the disease is not managed or environmental conditions are 
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highly conducive for disease. Within the past few years, great attention has been devoted 

to cotton diseases that cause severe crop losses and degrade lint quality. In the United 

States, seedling diseases have been a contributing factor in substantial cotton crop losses. 

In the 30-year period from 1952 to 1981, cotton production loss has been estimated at 

2.8 % per year (Halloin, 1983), and 3.7 % for 1997/1998 (Blasingame, 1998). 

'Cotton seedling disease' is the term used to describe the syndrome of 

incapacitation or killing seeds or seedlings caused by any pathogens during the period 

from seed sowing to about one month after the seedlings' emergence. When cotton seed 

is sown, the seed imbibes water from the soil and growth is activated by hormones and 

enzymes in the embryo. The embryo grows and develops and the radical emerges from 

the pointed hilum end of the seed. The hypocotyl expands its cotyledons out of the 

ground and then rapidly straightens to bring the cotyledons and epicotyl into an upright 

position. Because the epicotyl is poorly developed and it contains one initial tme leaf and 

a group of meristematic cells, all differentiation of the vegetative organs above the 

cotyledons needs to happen during seed germination and seedling establishment. The 

seedling stage of cotton is longer than grasses and legumes; therefore, cotton seedlings 

are especially vulnerable to a number of soil-bome or seed-bome pathogens at the 

germination stage (Mauney, 1994). 

The primary seedling pathogens identified from diseased cotton seedlings are a 

complex of fungi, bacteria and nematodes. At least 14 fimgal pathogens, including 

Rhizoctonia, Pythium, Thielaviopsis, Colletotrichum, Fusarium and Alternaria, have 

been isolated and identified from diseased cotton seedlings (Hillocks, 1992). The major 

fungal pathogen species of cotton seedling disease found in the Texas High Plains are 
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Rhizoctonia, Pythium and Thielaviopsis. Whether one of the fungal pathogens acts alone 

or several pathogens act together, Rhizoctonia, Pythium and Thielaviopsis uUimately 

cause seedling diseases and damage the young plants (Hillocks, 1992). 

Decay of seeds, pre-emergence damping-off, post-emergence damping-off, and 

leaf spot or blight on the first tme leaf or cotyledons are four major types of damages 

observed on cotton seedlings that have been infected by those seedling disease pathogens. 

Rhizoctonia solani Kuhn. is one of the most severe soil-bome pathogens worldwide. R. 

solani exists in almost all agricultural soils and is capable of generating all the symptoms 

of the seedling disease complex with its filaments penetrating the epidermis to colonize 

the soft tissue of the cotyledons, the hypocotyl, and the root of the seedlings. A 

colonized area of plant tissue exhibits a sunken surface and discoloration from tan to 

reddish brown. Hyphae ranging from yellow to brown cover the lesion area on the plant 

surface. In wet and cold conditions, the hyphae can penetrate the surface of the plant 

tissue and cause serious damage or kill the seedlings (Davis et al., 1981). Pythium 

species commonly causes seed rot and pre-emergence damping-off after infecting the 

seed and radical. Similar to R. solani, Pythium species can also cause post-emergence 

damping-off when it infects the seedling hypocotyl (Howell, 1980). Black root rot 

caused by Thielaviopsis basicola occurs in Texas (Leyendecker, 1952). Seedlings 

infected by T. basicola become stunted and cortical tissues rot or become black. Young 

stem tissue collapses and seedlings can die at five weeks after planting if soil 

temperatures are below 20°C (Blank et al., 1953). 

In the Texas High Plains, cotton seedling pathogen fungi have been well studied, 

with the focus especially on P. ultimum (Wheeler and Gannaway, 1999) and on T. 
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basicola (Wheeler et al., 1999). To date, however, there is no known cuUivar with 

resistance to the three major seedling fiingal pathogens, R. solani, Pythium spp and T. 

basicola (Wheeler et al., 2000). 

Cotton Seedhng Disease Control 

Approaches to protect cotton from seedling disease commonly used by cotton 

producers are crop rotation, the application of fungicides, and choosing plants with 

genetic resistance produced either from conventional breeding or biotechnology. Crop 

rotation is especially beneficial in an area where multiple crops can be grown. In an area 

where a single type crop is grown, or when the altemative crop is also a host to the same 

pathogens, however, rotation of crops is not helpful. In the Texas High Plains, cotton is a 

cultivated crop on 1.6 miUion hectares of dry land or semi-dry-land fields (Texas 

Agricultural Statistics, 2000), and rotation is not widely practiced. Because there is 

insufficient irrigation to grow other types of crops profitably over the majority of land 

currently used for cotton production, it is especially important economically to find ways 

to enable a cotton crop to be produced. Applying fixngicides either directly to the seed 

surface or to the soil in the furrow at planting are ineffective when the climatic 

circumstances are optimal for fungal growth. The cost of fungicides and environmental 

pollution are also considerable issues. In the history of cotton breeding, conventional 

breeding provided partial disease resistance to fungal wilts and immunity to bacterial 

blight (Bell, 1992). However, there has been less success in developing commercial 

cultivars with seedling disease resistance to R. solani, Pythium and Thielaviopsis. This 

may be due to a lack of available genes or limited attention from cotton breeding 



programs. Resistance to T. basicola has been found in Gossypium arboreum (Wheeler et 

al., 1999) and Gossypium herbaceum (Wheeler, T., personal communication). 

Approaches to introduce resistance are to use different species of Gossypium, such as 

diploid Asian cotton, which are resistant to one of the major cotton seedling disease 

pathogens, T. becicola. It is ideal if the resistance gene(s) from the diploid Asian cotton 

can be introduced into the domestic allotetrapoid upland cotton plant through cross-

hybridization. However, there are pre-zygotic barriers and post-zygotic sterility barriers 

to be overcome. Gene transformation through biotechnology can avoid this problem and 

it enables the introduction of resistance gene(s) from different species other than cotton, 

from plants from other genera, or even from other kingdoms into the domestic cotton 

plant. 

Pathogenesis-Related Proteins 

Pathogenesis-related proteins (PRs) are plant proteins coded by the plant genome 

but only expressed when induced by a pathogen's attack or related means. Proteins 

considered as PRs are mostly oxidative and hydrolytic enzymes. The studies on PR 

proteins have found that PRs can delay the progression of diseases caused by pathogens 

(van Loon and van Kammen, 1970). PRs have been identified in more than 13 plant 

families involving 48 species (van Loon, 1999), incXwdiing Arabidopsis thaliana L. and 

Phaseolus vulgaris (bean). PRs are currently classified as 11 famihes (PR-1, PR2, ... 

PR-11). Chitinases belong to groups PR-3, PR-4, PR-8 and PR-11, and p-l,3-glucanases 

are PR-2. Activation of PR gene expression induced by a pathogen or pathogenic factors 

plays an important role in plant defenses against pathogens. 
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Chitinases and B-1.3-Glucanases 

Chitinases (Garham et al., 1994), poly [l,4(N-acetyl-p-D-glucosaminide)] 

glycanohydrolase [EC 3.2.1.14], catalyze the hydrolysis of chitin, a linear homopolymer 

of p-l,4-linked N-acetylglucosamine residues. P-l,3-glucanases [EC 3.2.1.39] degrade 

p-l,3-D-glucosidic linkages in p-l,3-D-glucans. Since the cell waUs of many 

phytopathogenic fungi contain chitin and p-D-glucans as major components (Bartnicki-

Garcia, 1968), chitinases and P-l,3-glucanases have been proposed as potential 

antiflmgal enzymes in plant disease control (Boiler, 1984; Boiler et al., 1983). This 

defensive hypothesis has been tested in vitro (Arlorio et al., 1992; Boiler et al., 1983) as 

well as in vivo using transgenic plants which over-express either plant or microbial 

chitinase or glucanase genes (Broghe et al., 1991). 

Chitinases and P-glucanases act synergistically to inhibit the growth of fungi in 

vitro (Mauch et al., 1988; Roberts and Selifrennikoff, 1988; Schlumbaum et al., 1986). 

The level of bean chitinase mRNA in tobacco plants was increased 20-50 fold, and the 

resistance to infection hy Rhizoctonia solani was increased after the ch5b chitinase gene 

was introduced into tobacco using the Agrobacterium Ti-plasmid vector (Broglie et al., 

1991). Experiments have been conducted which indicate that chitinases and P-1,3-

glucanases play an important role in the plant's defense against pathogenic fungi. 

P-l,3-glucanases of Arabidopsis thaliana L. P-l,3-glucanase expression was 

induced by both pathogenic and nonpathogenic bacteria indicating that P-l,3-glucanase 

was a pathogenesis-related protein (Dong et al., 1991). Expression of mRNA was 

analyzed from Arabidopsis thaliana, which was infected with several strains of 



Pseudomonas syringae. Various genes related to pathogenesis and stress, including P-

1,3-glucanases, were examined (Dong et al., 1991). There were three p-1,3-glucanase 

genes expressed by the induction of vimlent strains. The three A. thaliana p-1,3-

glucanase genes were named bgl, bg2, and bg3. P-l,3-glucanase expression of bg2 was 

inducible by ethylene and its coding sequence region did not have an intron (Genbank 

M58463). 

There are numerous pubUcations about the concurrent expression of P-1,3-

glucanase and chitinase at the level of transcription in response to viral, bacterial and 

fungal infections as well as to elicitors and hormone treatments such as cytokinin, auxin 

and ethylene (Meins and Ahl, 1989; Vogeli et al, 1988; Tuzun et al., 1989; Shinshi et al., 

1987). Up to 5 % of the soluble (intracellular) protein in infected tobacco leaves is P-1,3-

glucanase and chitinase (Felix and Meins, 1986; Shinshi et al., 1987). Chitinase and p-

1,3-glucanase also are expressed constitutively in roots and flowers. This coordinated 

expression strongly suggests that they perform a cooperative function. Their ability to 

cooperatively degrade and kill fungi in vitro indicates that this role is to destroy 

pathogenic fungi, the ceU walls of which often are composed of chitin and P-glucan 

(Boiler, 1985). Chitinase and P-l,3-glucanase are thought to kill the fimgus by thinning 

the cell wall at the hyphal tip by degrading chitin and p-glucan. This thinning causes 

swelling, bursting and uUimately the death of the hyphal tip (Arlorio et al., 1992). The 

fungal hyphal tip is thought to be particulariy susceptible to lysis because of its cell wall 

synthesis which involves a delicate balance between P-glucan hydrolysis and synthesis. 



and its balance could be dismpted by the plant's P-l,3-glucanase activity (Mauch and 

Staehelin, 1989; Mauch et al., 1984, Abeles et al, 1971; Keen and Yoshikawa, 1983). 

P-l,3-glucanases are expressed constitutively at low levels and secreted into the 

cell wall and intercellular spaces (Kombrink et al., 1988), where they are posUioned 

appropriately for encountering the fimgus. Upon fungal pathogen attack, the p-glucanase 

releases small oligosaccharides from the plant cell wall. These p-glucans elicit increased 

P-glucanase and other defense-related gene expressions. The P-glucanase and other 

induced products, such as chitinase, then act further to degrade the fungal cell wall, lyse 

the hyphal tip and thus kill the fungus. 

In this project, a chitinase gene from bean plants, Phaseolus vulgaris L. and a P-

1,3-glucanase gene from A. thaliana, were utilized to improve the cotton plant's ability to 

resist fimgal pathogens. Because bean and Arabidopsis are different families of higher 

plants than cotton, the conventional breeding procedure can not be applied. Therefore a 

gene transformation approach has to be chosen in order to introduce the foreign gene into 

the cotton plant. 

Approaches to Improve Cotton Disease Resistance 

The most commonly published gene transformation techniques in plants are 

Agrobacterium-xnediated transformation, particle bombardment, or tissue culture through 

protoplasts or meristems. The Agrobacterium-mediated transformation method is mostly 

applied in dicotyledonous plants, such as tobacco and cotton (Hansen et al., 1994). To 

date, almost all commercial transgenic cotton cultivars, such as "Bt cotton," have been 
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bred through ^gro^ac^ermm-mediated gene transformation. The particle bombardment 

method has been most commonly used in genetic transformation of monocot plants, such 

as rice and com (Finer and McMuUen, 1990; Kohel et al., 2000). There was a successful 

ttansformation where the reporter gene p-1,3-glucuronidase (GUS) was delivered into the 

cotton meristem by particle bombardment (McCabe and Martinell, 1993). 

There are many different methods of transferring the exogenous gene into the 

cotton plant. Cotton was transformed with engineered phaB (acetoacetyl-CoA reductase) 

andphaC (polyhydroxyalkanoate synthase) genes by particle bombardment (John and 

Keller, 1996). Although ten transgenic plants expressed thephaB gene and eight plants 

expressed hothphaB andphaC genes, there still are many limitations. Most of the 

genetic engineering done to date in cotton has been accomplished with 'Coker' variety. 

The introduced gene can then be moved into other genotypes using classical breeding 

techniques (Lemaux, 1996). For example, herbicide tolerant cultivar grown 

commercially in 1996 was BXNTM Cotton (Calgene Company), which was in the 

'Coker' series background (Lemaux, 1996). Agrobacterium-mediated transformation has 

been successful with only a few accessions or genotypes. 

An alternate transformation method is the pollen tube pathway-mediated (PTP) 

approach. This method was first used in cotton and reported by Zhou (1978) and Huang 

et al. (1981). The PTP method is based upon the opened pollen tube where the foreign 

DNA can enter the ovaries of the flower. The DNA solution prepared from another 

resource plant follows the approach, which is created by the germinated pollen, into the 

embryonic sac, egg, or zygote of the flower, depending upon the DNA application time 

following the pollination. The pollen-tube pathway poses no limitations on the receipt of 
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the matenal chosen for transformation. Agrobacterium-mediated transformation and 

particle bombardment require tissue culture of the candidate species. Most cotton 

genotypes are recalcitrant to recover from tissue culture, so that success requires the use 

of one cotton variety "Coker" (Trolinder and Goodin, 1987). The pollen tube pathway-

mediated ttansformation method does not rely on the same species for resistance 

resources, so any other resistance gene from other species can be introduced into any 

cotton genotype. 

Objectives 

This study was designed to transfer a reporter gene's coding region of P-

glucuronidase (GUS) into cotton cultivars, and two PR genes' coding sequences of 

chitinase and j8-l ,3-glucanase into cotton breeding lines via the PTP-mediated method. 

The PTP method for in transformation has been applied to several different crop plants, 

however this method was questioned or not recommended by other researchers 

(Langridge et al., 1992; Hess, 1987; Roeckel et al., 1992). In this study, we apphed the 

GUS gene (uidA) into cotton to determine whether the transgene uidA can integrate into 

the cotton genome through the PTP-mediated method and find out the key point using 

PTP strategy because the GUS gene is well studied and documented in plant 

transformation (Guivarc'h et al., 1996). After the PTP strategy and transformation was 

evaluated using the introduction of uidA into the cotton plant, then two PR genes, ch5h 

and bg2 (bean chitinase and Arabidopsis /S-1,3-glucanase) were inttoduced into cotton 

breeding lines. Transgenic cotton plants were investigated to determine whether 

transgenes ch5b and bg2 were integrated into the cotton genome and were inherited by 
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the progeny, and whether transgenic cotton could resist or increase its resistance to 

seedling disease caused by R. solani. 
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CHAPTER II 

TRANSFORMATION OF COTTON PLANTS 

VIA THE POLLEN TUBE PATHWAY-

MEDIATED METHOD 

Abstract 

DNA of a plasmid pRTL2-GUS containing uidA (coding sequence for p-

glucuronidase) was introduced into cotton iGossypium hirsutum L.) via the pollen tube 

pathway-mediated ttansformation (PTP) method. Seeds formed from treated flowers 

matured on planta. Seedlings grown from seeds harvested from treated flowers were 

screened for the presence of uidA by PCR and GUS (p-glucuronidase) expression by 

histochemical assay. The overall transformation frequency was 11.7 %. Southem 

hybridizations of T] progeny confirmed the uidA transgene was integrated into the cotton 

genome. GUS activity detected in T2 progeny followed the expected 3:1 Mendelian 

genetic ratio. Our results confirmed transformation of uidA via PTP. We discuss the 

value of the PTP method in commercial seed breeding. 

Key words pollen tube pathway, on planta transformation, GUS, cotton, 

Gossypium hirsutum L. 
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Introduction 

Conventional breeding via sexual reproduction has provided most of the cultivars 

in plant production. However, natural genetic barriers have limited the resources 

available from other species. Genetic transfomiation is a usefiil approach for plant 

breeders to overcome the problem of sexual barriers and to introduce desirable gene(s) 

from other sources into plants for cuhivar development. Among approaches used to 

deliver exogenous DNA for plant genetic transformation, the most popular for cotton is 

the Agrobacterium-mediated method (Trolinder and Goodin, 1987; John and Stewart, 

1992) and particle bombardment (McCabe and Martinell, 1993; Keller et al., 1997; 

Rajasekaran et al , 2000). Transgenic cotton cuUivars have been developed and released 

commercially using each of these methods (Dunwell, 2000; Wilkins et al., 2000). Both 

of these methods require tissue culture techniques and costly equipment and time 

consuming. 

The pollen tube pathway-mediated transformation (PTP) is a httle-used method 

that is simple, fast and inexpensive. PTP does not involve tissue culture, requiring less 

laboratory equipment for delivery of ttansgene, and may even be done in the field 

without specialized growing stmctures. PTP is a good choice for cotton plant 

transformation because, while a few select genotypes, i.e., "Coker" series, are easily 

regenerated in tissue culture, the PTP-mediated method can be used on any genotype of 

cotton. Because PTP is genotype-independent, this may provide a method to transform 

cotton and possibly shorten the time to develop a new cultivar. 

Using PTP-mediated transformation, foreign DNA can be delivered either as an 

isolated gene constmcted into a plasmid or as genomic DNA extracted from a plant with 
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a desirable trait. In either case, DNA is delivered into the embryo of the recipient plant. 

A solution containing the DNA is injected into the pistil using a syringe for dicot plants, 

such as cotton (Huang et al., 1986) or is pipetted onto the stigma of monocot plants, such 

as rice (Duan et al , 1985). The injected or pipetted DNA enters the pistil along the 

pollen tube pathway to the ovule and optimally integrates into the chromosome DNA of 

the plant embryo during the processes of fertilization and zygote formation. 

Three major advantages of PTP-mediated transformation are: (1) it has flexibility 

of choice as to the source of the gene donor, which can be any source of the DNA; (2) the 

recipient organ of the foreign DNA is the ovules of the flower on the growing plant and 

the ttansformed product is a seed, not a bombarded cell, callus, meristem or 

Agrobacterium-transformed cotyledon and hypocotyledon; and (3) it is a simple, low-cost 

procedure for delivering foreign DNA, and requires a short time for stable inheritance of 

the transgene in the progenies. 

The first ttansformation attempt using the pollen tube pathway-mediated method 

in a plant was reported by Hess (1972). Genomic DNA of a red-flowered wild type 

Petunia hybrida Vilm. was introduced through the pollen tube into the ovaries of a white-

flowered mutant line "34dl0" of P. hybrida. The DNA was delivered using a degreased 

cotton thread, which was soaked in a solution containing 100-400 /ig/ml DNA exttacted 

from the while-flowered plant. The thread was placed into the style on 1,1.5, 2,2.5 and 

3 days post-pollination. The results of the 2.5-day treatment showed a statistically 

significant increase of anthocyanin in the petals of the Ti plants. Chimeric, pink flowers 

were observed in some progeny plants (Hess, 1972). This experiment was the first 

attempt to take advantage of the natural fertilization approach — a pathway formed by 
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penetration and elongation of the pollen tube to deliberately deliver foreign DNA into the 

ovaries. 

The PTP-mediated transformation has been applied in eighteen species within ten 

families involving monocot and dicot crop plants (Table 2.1). hi China, cotton (Huang et 

al , 1981) and rice (Duan and Chen, 1985) were the earUest examples of apphcations in 

crop breeding processes using the PTP method. In these studies, genomic DNA extracted 

from a selected donor plant was directly used for transformation. Genomic DNA from 

Sea Island cotton iGossypium barbadense L. var. No. 146) was introduced into an upland 

cotton (Gossypium hirsutum L. var. Glandless) by Huang et al. (1981). Several 

agronomically-desirable variations were obtained and a variety with improved fiber 

length and other agronomic traits was developed (Huang et al , 1981). Since then, the 

PTP-mediated method has been used in different crop species, such as com (Qi, 2000; Qi 

et al , 1996), wheat (Picard et al, 1988; Kong et al , 1992), soybean (Lei et al, 1989; 

1994), watermelon (Xiao et al, 1996; Chen et al, 1998) and other crops (Table 2.1). 

However, the PTP-mediated method has received little attention in the U.S. and other 

Western countries, one of the reasons perhaps is due to the fact that most of the articles 

were published in languages other than English. For instance, 12 out of 18 reports about 

application of the PTP-mediated ttansformation listed in Table 2.1 were published in 

Chinese. Only six of the 18 were in Enghsh (Hess, 1972; Picard et al , 1988; Mendel et 

al, 1992; Song, 1994; Yang and Shi, 1995; Chen et al, 1998). 

As to the PTP method application in the past two decades, questions arose about 

whether foreign DNA was stably incorporated into the host genome. It was questionable 

that transformant only relying on the phenotypic selection of the progeny (Huang et al, 
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Table 2.1. Higher plants investigated via the pollen tube pathway-mediated 
ttansformation method. 

Family 

Monocotyledon 

Alliaceae 

Poaceae 

Poaceae 

Poaceae 

Poaceae 

Poaceae 

Dicotvledon 

Aleuriteae 

Asteraceae 

Araceae 

Brassicaceae 

Cucurbitaceae 

Cucurbitaceae 

Leguminosae 

Malvaceae 

Solanaceae 

Solanaceae 

Solanaceae 

Solanaceae 

References listed 

Species 

Allium cepa L. 

Hordeum sativum Pers. 

Zea mays L. 

Oryza sativa L. 

Sorghum bicolor L. 

Triticum aestivum L. 

Aleurites fordii L. 

Helianthus annus L. 

Arachis hypogaea L. 

Brassica chinensis L. 

Cucumis sativus L. 

Citrullus lanatus Thunb. 

Glycine max L. 

Gossypium hirsutum L. 

Petunia hybrida Vilm. 

Solanum melongena L. 

Nicotiana tabacum L. 

Solanum lycopersicun L. 

Plant 

onion 

barley 

com 

rice 

sorghum 

wheat 

tung oil tree 

sunflower 

peanut 

Chinese 
cabbage 

cucumber 

watermelon 

soybean 

cotton 

petunia 

eggplant 

tobacco 

tomato 

References 

(Song, 1994) 

(Mendel etal , 1992) 

(Qietal , 1996) 

(Duan and Chen, 1985) 

(Yang etal , 1998) 

(Picard et al, 1988) 

(Hua et al, 1993) 

(Yang et al, 1998) 

(Shen and Wang, 1993) 

(Wang etal , 1996) 

(Dong and Chen, 1992) 

(Chen etal , 1998) 

(Lei etal , 1989) 

(Huang et al, 1981) 

(Hess, 1972) 

(Xu etal , 1991) 

(Wu etal , 1995) 

(Tian et al, 2000) 

. in this table present the earliest published study. 
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1986; Duan and Chen, 1985; Qi et al, 1996). Cultivars developed by Chinese 

researchers using PTP which are commercialized and in production over a large acreage 

in China for cotton (Wu and Xiong, 1998) and com (Qi, 2000). Without a known gene 

sequence or gene product, the transformed progenies could not be positively recognized 

or confirmed. It is difficult to analyze the progeny whose parent was introduced with 

foreign genomic DNA. Therefore the reliability in progeny selection has been limited. If 

a gene or a constmct with known sequence information is used in a plant transformation, 

detection and confirmation of the transgene can be more reliable by using Southem 

hybridization or other molecular biotechniques. In the present study, we introduced 

plasmid pRTL2-GUS, which contained a |8-glucuronidase gene, uidA, into cotton plants 

through the pollen tube pathway-mediated transformation and tracked its inheritance 

through two generations. 

Materials and Methods 

Plant Materials 

Three cotton (Gossypium hirsutum L.) genotypes, 'Paymaster HS26' and 

'Stovepipe', and breeding line 'CA3084' (provided by Dr. John R. Gannaway at Texas 

A&M University Research Experimental Center, Lubbock, TX) were used as parental 

plants in this study. Seeds of each genotype were sown into a plastic pot (25 x 25 cm in 

diameter) filled with a mixture of multi-purpose potting soil (Miracle-Gro Lawn 

Products, Marysville, OH) and sand (7:3 v/v). All cotton plants were grown in the 

Horticulture greenhouse at Texas Tech University (TTU) in 1996. Temperature range 
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was 25-28"C. When the seedlings had 3-4 tme leaves, plants were fertilized with water-

soluble 20-20-20 'Plant Food' (Spectmm Group, St. Louis, MO). 

Chemicals and Reagents 

Chemicals used in this study were purchased from Sigma (St. Louis, MO) unless 

otherwise indicated. Supplies, including the power supply, the electrophoresis system, 

and the detecting system were purchased from Bio-Rad Laboratories (Hercules, CA). 

Restiiction enzymes and ligase were from Promega (Milwaukee, WI). 

Transgene and DNA Solution 

Plasmid pRTL2-GUS (Restrepo et al, 1990) containing the coding sequences of 

uidA (p-glucuronidase, E.C. 3.2.1.31; Jefferson, et al. 1987) was provided by Dr. Randy 

Allen (TTU), and used for all transformations. Bacterial cells of DH5o! harboring the 

plasmid pRTL2-GUS were grown at 37°C overnight in the liquid broth media containing 

50 ^ig/ml of ampicillin (Becton Dickinson Microbiology System, Sparks, MD). Plasmid 

DNA was extracted and purified using a Midi-prep kit purchased from Qiagen Inc. 

(Valencia, CA) following the manufacturer's instmctions. Plasmid DNA was adjusted to 

4 [ig/ml in a solution containing O.lmg/L gibberellic acid and O.lmg/L naphthalene acetic 

acid (Song, 1994), hereafter called DNA solution. Aliquots of 100 (xl DNA solution were 

placed into microcentrifuge tubes and stored at -20''C, and were placed into an ice-cooler 

when carried to the greenhouse for treatment. 
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Delivery of DNA 

Plants bloomed in December 1996. Healthy, normal growing plants were chosen 

as the recipients of plasmid. DNA delivery procedure followed Zhou et al. (1983), with 

the exception that we used plasmid rather than genomic DNA and treatments were 

carried out in the greenhouse. 

The timeline of delivery of exogenous DNA into cotton flowers is illustrated in 

Figure 2.1. The color of corolla reflects the stages of egg ceU and zygote development. 

The immature floral bud is green and becomes pale cream-colored one day before 

anthesis. When the pale cream-colored corolla is 3.5-4.5 cm long from the tip of the 

petal to the pedicel, the flower is about one day from anthesis. Since pollination occurs 

in a cotton plant after corolla dehiscence (Munro, 1987), a drop of glue (Elmer's 

Products, Inc., Columbus, OH) was placed on the closed corolla the day before corolla 

dehiscence (-14 hour) to prevent contamination from foreign pollens. The five-petal 

corolla is cream-colored on the day of anthesis. Petals turn a watermelon red (McGregor, 

1976) about 12-30 hours after pollination. This watermelon red indicates that the pollen 

tube has germinated, elongated, and has reached the embryo (Pollock and Jensen, 1964). 

DNA solution was injected into the style when the petals tumed watermelon red. DNA 

follows the pathway formed by the pollen tube and entered the ovary (Zhou et al, 1983) 

at this stage, the corolla, stigma, style and staminal column were gently removed from the 

sealed inflorescence, i.e. the moming of the third day or 25-28 hours after the corolla was 

sealed. The exposed ovary was held steady by grasping the pedicel, and about 6-10 |xl 

DNA solution was delivered through the remnants of the style using a 50 |il syringe with 

a 22-gauge needle. DNA solution was injected into the center of the tip of the exposed 

23 



floral 
biology 

Day 1 
prior'to*(?oiTHki' 

del]iscence 

coroUa 
color 

DNA 
delivery 

16:00-18:00 

Day 2 

corolla dehiscence 

Day 3 

6:00 

post corolCa dehiscence 

8:30-11:30 

sealing 

B 

self pollination and 
fertilization 

inject • 
DNA : 

1 

DNA 
incorporation 

Figure 2.1. Timeline for DNA delivery by pollen tube pathway. Top Floral biology 
related to DNA delivery involved 3 days (prior and post corolla dehiscence). Mid 
Corolla color reflects stages of the egg and zygote development: the egg cell and pollen 
develop - cream-yellow (A); self pollination and fertilization occurs - pink (B); 
fertilization completed and zygote development - watermelon-red (C). Bottom DNA 
delivery: Day 1 - corolla is sealed (-14 hours before pollination); Day 2 - self 
pollination (0 h); Day 3 - DNA delivery (-25-28 hours post pollination). Based on 
Pollock and Jensen (1964) and McGreger (1976). 
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ovary vertically entering the axis of the placenta, but without penetrating the ovary wall 

at the bottom. The needle was then drawn back 2-3 mm upward and DNA solution 

gently and slowly pushed into the channel formed by the movement of the needle inside 

the young boll. The freated flower was tagged. Young bolls remaining on the plant 

following tteatment were grown to maturity in the greenhouse. 

Ti and T? Populations 

Mature bolls were individually harvested and the seed was removed by ginning. 

Seeds harvested from treated flowers comprised the Ti population which included 

transformed and non-transformed seeds (Figure 2.2). Seeds were stored at room 

temperature until screening for presence of the transgene uidA., A single seed was used as 

a test unit. 

Seeds of Ti population were sown aseptically in Oasis Horticubes (North Carolina 

Hydroponics, Charlotte, NC). Cubes of 2.5 cm were placed into 2.5 cm x 15 cm glass 

tubes filled with tap water and then tubes with cubes were autoclaved at 121°C for 20 

min. One seed each was sown into a cube after the tube and water were cool. Seedlings 

were transferred to the greenhouse at 22-25°C after germination and establishment. Root 

tips (0.5 cm) and a piece of the cotyledon (0.5 cm^) were excised for histochemical GUS-

staining (see 'P-Glucuronidase Histochemical Assay'). The young seedlings were placed 

back into the test tube for an additional growth period of 2 weeks. Sampling was 

repeated at least twice to confirm GUS activity. Individual seedlings exhibiting GUS 

activity, i.e., blue color, were transplanted from the test tube into a pot (25 x 25 cm in 

diameter). Plants were grown in the greenhouse under ambient conditions until 
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Step-1: DNA delivery 
via pollen tube palliway Parental plant #3 of'CA3084 
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Figure 2.2. Schematic diagram of the development of a transgenic cotton plant via 
pollen tube pathway. Step-1: DNA injected into cotton flowers #A, #B, and #C of 
plant #3 of genotype CA3084. Flower #B aborted and flowers #A and #C produced 
bolls. Seeds collected from Bolls #A and #C and comprised T, populations. Step-2: 
Seeds from boll 'CA-3-A' were sown and seedlings CA-3-A-1, CA-3-A-2,... CA-3-
A-10 were established and seedlings were tested for GUS expression. Tj plants 
expressing GUS activity (i. e. CA-3-A-1) were rescreened for next population. Plants 
without GUS activity (i. e. CA-3-C and CA-3-A-10) were excluded from the study. 
Step-3: Seedlings from Tj seeds were established and screened for investigation of 
uidA in T^ population. 
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flowering. Flowers of Ti plants were self-pollinated. Seeds matured and were harvested, 

forming the Tj population. T2 seeds were sown and were handled in the same way as Ti 

seeds. T2 plants were examined for the transgene inheritance and segregation. 

A schematic diagram for developing a transgenic cotton plant via the PTP method 

is illusttated in Figure 2.2. Terms used in the schematic are defined as follows: 'Ti 

population', all plants established from seeds harvested from treated flowers, which could 

include individuals transformed with the transgene uidA and individuals not harboring 

uidA; 'Ti generation' plants exhibiting uidA; T2 population, all plants derived from self-

pollinated Ti plants. The terms "Ti population" and "T2 population" as used here are 

equivalent to Ro and Ri used in tissue culture mediated methods, respectively (Barley et 

al, 1992; Keller e ta l , 1997). 

P-Glucuronidase Histochemical Assay 

Root or cotyledon tissues from each seedling of putatively transformed cotton 

plants were surface sterilized with 70% ethanol briefly. The collected plant tissues were 

placed into 1.5 ml-tubes containing 1 ml of sterile water and the tissues were transferred 

into a 96-well or 48-well multiple plate after it was washed three times in sterile distilled 

water. To detect the enzymatic expression of the P-glucuronidase in transformed cotton 

progenies, a histochemical assay was carried out following Jefferson et al. (1987) with 

these modifications: plant tissues in the plate were stained and incubated at 37°C for 12 

hours, the staining solution was then removed. The tissues were destained for 60 min at 

room temperature in 0.3 ml of 30%) ethanol with incubation. A series of destaining 

procedures were applied in the plate with step-wise changes by removing the previous 
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solution and adding a fresh solution of 45%, 60% and 70% ethanol, respectively. Each 

solution was incubated at room temperature for 60 minutes. A seedling with either a root 

tip or cotyledon that showed blue color after the destaining was scored as 'GUS positive' 

for GUS expression, or 'GUS negative' for no GUS expression. The seedlings of 

progenitor genotypes were included as controls. 

Isolation of Genomic DNA 

Two to three grams of tissue from tme leaves were collected from 14-21 day-old 

cotton plants. Genomic DNA was isolated according to Paterson et al. (1993). DNA was 

suspended in 200-400 1̂ of TE (10 mM Tris and 1 mM EDTA) buffer and stored in a 

freezer at -20°C for PCR analyses and Southem hybridizations. 

PCR Analyses of the Transgenic Cotton 

Two oligonucleotide primers were designed from the internal nucleotide 

sequences of uidA and synthesized at the Biotechnology Institute of Texas Tech 

University. The uidA internal primers designed were a 24-mer primer 'uidA-l' 

(5'AAAGCCGGGCAATTGCTGTGCCAG), located at a forward direction away from 

the start codon along the nucleotides (nt) of 421 to 444 nt of the coding sequences of the 

gene uidA, and a 23-mer 'uidA-2', located at a reverse direction away from the stop 

codon along the nucleotides 1006 to 984 nt. The 'uidA-1' and 'uidA-2' (5'ACTTGCAA 

AGTCCCGCTAGTGCC) intemal primers targeted the nucleotide sequences of uidA and 

to amplify a 586 bp DNA fragment between the 421 nt and 1006 nt within the coding 
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region of the uidA. To confirm presence of CaMV 35S promoter in the genome of the 

ttansformed plants, a 26-mer primer '35S-1' (5'ATGACGCACAATCCCACTATCC 

TTCG) was designed. Primer '35S-1' was forward direction of the nucleotides from 727 

to 759 within the CaMV 35S promoter coding sequences (hiformation on the 35S 

promoter sequence was provided by Dr. Hector Quemado, Asgrow Seed Company, 

personal communication 1997). A 941 bp DNA fragment of PCR product containing the 

forward primer '35S-r and the reverse primer 'uidA-2' were used to detect the presence 

of CaMV 35S promoter and uidA in transformed cotton plants. 

Reaction mixtures contained 2.5 ^1 of 10 x buffer, 2.5 ^1 of 25 mM MgCb, 0.5 ^1 

of each 10 mM dNTPs purchased from Perkin Elmer, Branchburg, NJ), to which was 

added 20 nM of each primer, both forward primer and reverse primer (either 'uidA-l' 

with 'uidA-2' or '35S-I' with 'uidA-2', respectively), and 0.4 unit of Taq DNA 

polymerase (Perkin Elmer, Branchburg, NJ). Transgenic cotton genomic DNA was used 

as template DNA diluted to 20 ng/jil, with 100 ng per reaction. Sterile water was used to 

bring the reaction mixture to a final volume of 25 |xl. Thirty îl of light mineral oil 

covered the surface of the reaction. Amplification was done at 94 C for 5 min, then 35 

cycles of chain reactions at 94°C for 1 min, 45°C for 2 min, and 72"C for 3 min, followed 

by an elongation step at 72 C for 10 min. 

Twelve nl of the 25^1 PCR reaction were subjected to electtophoresis on a 1.2 % 

agarose gel at 80 volts constantly applied for 60 min. DNA fragments amplified from 

transgenic genomic DNA were observed and photographed by a Polaroid Camera System 

(Fotodyne, Hartland, WI) with Polaroid Film #667 under the UV light at 320 nm 
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wavelength. PCR products were scored for the expected fragment. When the expected 

band was present, it was recorded as '586 bp positive' or '941 bp positive'. An absent 

band was scored as '586 bp negative' or '941 bp negative'. 

PCR Cloning 

From the remaining 13 fil of the 25 jiil PCR reaction, 2 /il were used directly for 

cloning into a pCR®2.1 vector purchased from Invitrogen (Carlsbad, CA) following the 

manufacturer's instmctions. Colonies from the plates of the PCR cloning were 

inoculated into 2 ml of LB (liquid broth) media with 50 fig/ml ampicillin and incubated at 

37°C overnight. Plasmid DNAs were isolated. The subsequent clones were named as 

'pCR®2.1-GUSP', "P" standing for "partial" which was a newly formed plasmid 

pCR 2.1 in which was inserted a 586 bp partial coding sequence of the gene uidA. The 

insertion of the 586 bp fragment from 'pCR®2.1-GUSP' was released by simply digesting 

with a restriction enzyme EcoRl and observed on an agarose gel after electrophoresis 

compared to the band of the vector pCR®2.1. 

DNA Sequencing 

DNA from two of the confirmed pCR®2.1-GUSP plasmids were prepared and 

purified. A one hundred pico-mole (pM) sample of highly purified DNA from each of 

the two pCR®2.1-GUSP clones was sequenced for its nucleotides from both ends with an 

autosequencing apparatus (Model 310, ABI PRISM) from Applied Biosystems (Foster 

City, CA). According to the sequence information of pCR®2.1, two primers, the forward 

(also named 'universal') primer 'Ml3-1' (5'AACAGCTATGACCATG) and the reverse 
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primer 'M13-2' (5'GTAAAACGACGGCCAGTGA), were used for sequencing starting 

from either 5 ' - end or 3 ' - end direction. Sequences were analyzed by the program 

"GAP", a comparison-functional program which uses the algorithm of Needleman and 

Wunsch (1970) to find the alignment of two complete sequences that maximizes the 

number of matches and minimizes the number of gaps (Program Manual of GCG: 

Genetic Computing Group, Inc. WI. Version 9.1, 1997). 

Southem Hybridization 

Ten |Ag of genomic DNA were digested by restriction enzymes EcoRl, Hindill, 

BamHI and Xhol and then subjected to gel electrophoresis. The DNA fragments were 

transferred onto a nylon membrane (IvT Hybond, Bio-Rad Laboratory, Hercules, CA) 

according to the manufacturer's instmctions. A 2.6-kb DNA fragment of the uidA gene 

was labeled with dCTP^^ (3,000Ci/mmol) using a Random Primers DNA Labeling 

System (Amersham, Arlington Heights, IL) and used as a probe. Membrane fiUers were 

placed into a hybridization tube and prehybridized at 42°C for 2 hours and then the probe 

was added and hybridized in a hybridization oven (Techne, Minneapolis, MN) at 42°C 

rolling overnight. After the Nylon membranes had been washed, they were placed with 

BioMax X-ray film (Kodak, Rochester, NY) and the hybridized signals were exposed to 

the X-ray film with two intensifying screens by autoradiography at -20°C for 48 hours. 

The X-ray fihn was developed and fixed with Kodak developing and fixing solutions, and 

then the bands with the hybridization signal were visualized and scored for presence of 

the uidA as 'positive' or absent as "negative'. 
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Transgene Inheritance and Segregation 

All bolls and seeds harvested from the DNA treated plants were analyzed with a 

Chi-square test (Snedecor and Cochran, 1980). A Chi-square test with less than 0.05 

probability was used for the transformation ratio in T2 populations for boll set, seeds per 

boll and transformation frequency in Ti generations. A Chi-square test was used for the 

statistical analysis of the segregation ratio of transgene expression observed in T2 

generations. T2 progenies were tested for Mendelian inheritance with a chi-square 

homogeneity test. 

Results 

Bolls and Seeds from Treated Flowers 

Of the 50 flowers treated, 15 bolls persisted to maturity while 35 aborted 2-5 days 

post DNA tteatment (Table 2.2). There was no boll abortion in untreated parental plants. 

Boll set was observed in each genotype treated. Boll set varied by genotype: 40% for 

CA3084; 14%> for Stovepipe; and 35%o for Paymaster HS26, for an average of 30%. One 

hundred fifty-six seeds were obtained from the 15 bolls (Table 2.2). The average seed 

number harvested per boll was 10 from CA3084, 17 from Stovepipe, and nine from 

Paymaster HS26. The number of seeds recovered from treated cotton, an average of 10 

seeds per boll, was significantly lower than the average of 26 seeds per boll from non-

treated cotton plants (|t| = 5.90 > 10.05 (2)23 = 2.069, p < 0.0001). 
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Table 2.2. Cotton Ti population: Bolls, seeds and seedlings obtained from flowers 
treated with pRTL2-GUS via the pollen tube pathway-mediated transformation method 
(Horticulture Greenhouse in Texas Tech University in 1997). 

Genotype / Treatment 

CA 3084 

Stovepipe 

Paymaster 
HS26 

DNA 
Treated 

Untreated 

DNA 
Treated 

Untreated 

DNA 
Treated 

Untreated 

' Untreated bolls were 

'' Bulked s eeds collec 
_. . n \ • 

^lowers 
treated 

10 

14 

26 

picked 

Bolls 
matured 

4 

y 

2 

f 

9 

4̂  

Bolls 
harvested'^ 

CA-3-A 

CA-3-C 

CA-20-A 

CA-22-A 

CA-C-1 

CA-C-2 

CA-C-3 

St-6-A 

St-21-A 

St-C-1 

St-C-2 

St-C-3 

HS-2-B 

HS-2-C 

HS-3-A 

HS-7-C 

HS-14-B 

HS-16-A 

HS-21-D 

HS-24-B 

HS-24-C 

HS-C-1 

HS-C-2 

HS-C-3 

HS-C-4 

Seeds set 

14 

9 

8 

9 

24 

28 

28 

15 

19 

23 

21 

20 

1 

12 

30 

10 

7 

14 

6 

1 

1 

30 

25 

28 

33 

up randomly from parental plants; 

Seeds 
sowed 

10 

6 

5 

6 

200*' 

9 

11 

200*" 

1 

n/a 

4 

8 

6 

8 

5 

1 

1 

ZOO*" 

Seedlings 
established 

10 

6 

2 

3 

164 

3 

9 

156 

1 

n/a 

4 

8 

3 

5 

5 

1 

1 

174 

ed from parental plants and sown as non-treated controls; 

J A nA -TA •xnnA cftynump .'^ = tVip third of 22 nlants treated, A = 

% 
Establishment 

of seedlings 

100.0 

100.0 

40.0 

50.0 

82.0 

33.3 

81.8 

78.0 

100.0 

n/a 

100.0 

100.0 

50.0 

62.5 

100.0 

100.0 

100.0 

87.0 

the first flower 

treated on the recipient plant. 
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Ti Populations 

A total of 61 seedlings were established from 81 seeds of Ti population (Table 

2.2). The percentage of seedlings established from sown seeds was 77.8%) for CA3084, 

60.0%) for Stovepipe, and 82.4%) for Paymaster HS26, which were not significantly 

different from each other (t < t o.os (2) lo = 2.228; p = 0.30). The average seedling 

establishment was 75.3%) in all three treatments, which was not significantly different 

from the controls 82.3%o (t = 0.160 < t o.os (2) is = 2.313, p = 0.88). 

Histochemical GUS Assay 

Seven of 60 putative Ti plants were confirmed as GUS positive (Figure 2.3; Table 

2.3): two plants out of 21 plants were GUS positive from CA3084, one plant out of 12 

plants from Stovepipe, and four plants of 27 plants from Paymaster HS26. Percentage of 

GUS positive seedlings for each genotype was 9.5%) for CA3084, 8.3% for Stovepipe and 

14.8% for Paymaster HS26. Overall, the expression of GUS was approximately 12%) of 

the three genotypes, and was significantly different from the conttols. A 1.8%) of 

endogenous expression (false positive) was found on 494 seedlings tested from non-DNA 

treated controls (t = 4.37 > t o.os (2)552 = 2.570). 

PCR Analysis 

The 586 bp expected fragment was detected in the Ti population (Table 2.3, Figure 

2.4). There were two plants from CA3084: CA-3-A-1 and CA-3-A-2; four plants from 

Stovepipe: ST-6-A-2, ST-21-A-1, ST-21-A-2 and ST-21-A-3; and four plants from 

Paymaster HS26: HS-7-C-1, HS-7-C-2, HS-21-D-1 and HS-2I-D-3. Presence of the 
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Figure 2.3. GUS assay to detect enzymatic activity of P-glucuronidase (GUS) in the 
seedlings from the transformed cotton plants. The staining solution contained 20 mM 5-
bromo-4-chloro-3-indolylglucuronide (X-gluc) in 0.1 M sodium phosphate buffer, pH 
7.0. A: A GUS assay microplate showing root tips or cotyledons tissues from T, 
transformed seedlings. Blue indicates the presence of the expression of the GUS gene. 
B: Enlargement of a portion of the entire GUS assay plate A (wells from A6-A12 and 
B6-B12), showing the root tips in great detail. C: A slide of a stem excised from a 
cotyledon of a T2 transformed seedling St-21-A-1-12, (a Tj plant derived from T, plant 
#St-21-A-l, which was from the DNA treated flower#A on the plant#21 of Stovepipe). 
D: Another excised stem slide from a transformed Tj seedling CA-3-A-1-2 (a Tj plant 
derived from T, plant #CA-3-A-l, which was from the DNA treated flower #A on the 
plant #3 of CA3084) (left), and its parent plant CA3084 as a negative control (right). 
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Table 2.3. Analyses of Ti seedlings with expression of GUS, PCR and Southem 
hybridization. The Ti populations were generated from three cotton genotypes 
through the PTP-mediated transformation carried out in the Horticulture Greenhouse, 
TTU, in 1996. 

Flower # 

CA-J-A 

CA-3-C 

CA-20-A 

CA-22-A 

St-21-A 

Seedling # (T,) 

CA-3-A-1 

CA-3-A-2 

CA-3-A-3 

CA-3-A-4 

CA-3-A-5 

CA-3-A-6 

CA-3-A-7 

CA-3-A-8 

CA-3-A-9 

CA-3-A-10 

CA-3-C-1 

CA-3-C-2 

CA-3-C-3 

CA-3-C-4 

CA-3-C-5 

CA-3-C-6 

CA-20-A-1 

CA-20-A-2 

CA-22-A-1 

CA-22-A-2 

CA-22-A-3 

St-21-A-l 

St-21-A-2 

St-21-A-3 

St-21-A-4 

St-21-A-5 

St-21-A-6 

St-21-A-7 

St-21-A-8 

St-21-A-9 

GUS' 

+ 

+ 

-

-
-
-
-
-
-
-
-
-
-
_ 
_ 
_ 
-
_ 
, 
_ 
_ 

+ 

_ 
_ 
_ 
. 
. 
. 
. 

-

PCR' 
586 bp 

+ 

+ 

-

-
. 
-
-
-
-
-
-
-
-
^ 
-
_ 

n/d' 

n/d 

-
-
, 
+ 

+ 

+ 

. 
_ 
, 
. 
_ 

-

PCR' 
941 bp 

+ 

+ 

-

_ 
-
-
-
-
-
-
-
-
-
_ 
_ 
_ 

n/d 

n/d 

_ 
, 
_ 
+ 

+ 

_ 
_ 
_ 
_ 
_ 
. 

-

Southern'' 

+ 

+ 

-

_ 
_ 
-
-
-
-
-
-
-
_ 
_ 
_ 
_ 

n/d 

n/d 

_ 
. 
_ 
+ 

+ 

+ 

. 
_ 
_ 
_ 
_ 

-

Flower # 

St-6-A 

HS-3-A 

HS-7-C 

HS-14-B 

HS-16-A 

HS-21-D 

HS-24-B 

HS-24-C 

Seedling #(T,) 

St-6-A-l 

St-6-A-2 

St-6-A-3 

HS-3-A-1 

HS-3-A-2 

HS-3-A-3 

HS-3-A-4 

HS-7-C-1 

HS-7-C-2 

HS-7-C-3 

HS-7-C-4 

HS-7-C-5 

HS-7-C-6 

HS-7-C-7 

HS-7-C-8 

HS-14-B-1 

HS-14-B-2 

HS-14-B-3 

HS-16-A-1 

HS-16-A-2 

HS-16-A-3 

HS-16-A-4 

HS-16-A-5 

HS-21-D-1 

HS-21-D-2 

HS-21-D-3 

HS-21-D-4 

HS-21-D-5 

HS-24-B-1 

HS-24-C-1 

GUS' 

_ 
^ 
^ 

^ 
_ 
^ 

+ 

+ 

^ 
. 
> 
. 
_ 
. 
^ 
-
-
-
-
-
-
-
+ 

-
-
+ 

-
-

-

PCR' 
586 bp 

. 

+ 

n/d 

_ 
_ 
_ 
+ 

+ 

_ 
_ 
_ 
_ 
_ 

n/d 

_ 

n/d 

n/d 

-

n/d 

-
-
-
+ 

-
-
+ 

-
-

-

PCR' 
941 bp 

. 
_ 

n/d 

_ 
_ 
_ 

+ 

+ 

_ 
_ 
_ 
. 
_ 

n/d 

_ 

n/d 

n/d 

-

n/d 

-
-
-
+ 

-
-
+ 

-
-

-

Southern'' 

. 

+ 

n/d 

_ 
_ 
_ 

+ 

+ 

_ 
_ 
_ 
. 
_ 

n/d 

_ 

n/d 

n/d 

-

n/d 

-
-
-
+ 

-
-
+ 

-
-

-

In the column of 'GUS', '+ ' means positive result in histochemical assay, blue spot present; •-' means 
negative result, blue spot absent; 
In the column of 'PCR 586 bp', '+' means positive result in PCR amplification with primers 'ch-l/ch-2, 
expected 586 bp fragment present; "-' means negative result, expected 586 bp fragment absent; 
In the column of 'PCR 941 bp', '+' means positive resuk in PCR amplification with primers '35S-l/ch-
2, expected 941 bp fragment present; '-' means negative result, expected 941 bp fragment absent; 
In the column of 'Southern', '+' means positive result in Southem hybridization with probe ch5b, 
expected hybridized band present; "-' means negative result, expected hybridized band absent; 
n/d = Not determined. 
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586bp positive fragment among the three genotypes was 11% of 586bp positive for 

CA3084, 36% for Stovepipe, 17% for Paymaster HS26, respectively. The average of 

PCR 586bp positive for all three genotypes in the Ti seedlings was 19%). 

The 941 bp expected fragment was found in eight Ti plants (Table 2.3, Figure 2.5). 

There were two plants from CA3084: CA-3-A-1 and CA-3-A-2; two plants from 

Stovepipe: ST-21-A-1 and ST-21-A-2 and four plants from Paymaster HS26: HS-7-C-1, 

HS-7-C-2, HS-21-D-1 and HS-21-D-3. The PCR 941bp fragment was present in 11% of 

CA3084 plants, 18%) of Stovepipe, 11% of Paymaster HS26, respectively, for an average 

of 15% across all genotypes. There were 30 seedlings tested from non-transformed 

conttols in the PCR analyses; no amplification products were found using primers 'uidA-

l'/'uidA-2', or '35S-l'/'uidA-2'. 

PCR-Cloning and Sequencing 

Two 586bp DNA fragments from PCR reactions on CA-3-A-2 and ST-6-A-2 

were cloned into a vector pCR®2.1. Two constmcts pCR®2.1-GUSP-l and pCR®2.1-

GUSP-2 were confirmed and sequenced under the two Ml 3 primers. Of the two outputs 

of sequencing from the Ti plant 'CA-3-A-2', 412 bases were detected by the forward 

primer M13-1, and 389 bases by the reverse M13-2 (Figure 2.6, Figure A.l). Sequences 

of the vector pCR 2.1 were found from I nucleotide (nt) to 92 nt and followed 24 mer 

sequences of the primary PCR primer 'uidA-1' from 93 nt to 116 nt. The transgene uidA 

sequences started from 93 nt to 240 nt (including 'uidA-l' primer, bases after 240 nt did 

not show), which was identical to the sequences from position 421 
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Figure 2.4. Detecting presence of the uidA sequences by PCR. Genomic DNA 
exttacted from the Tj plants derived for the pRTL2-GUS treated cotton. Each sample 
used 200 ng of genomic DNA and was amplified with the oligonucleotide primers 
'uidA-I' (forward) and 'uidA-2'(reverse). Each sample was loaded 12 |xl from the 25 }il 
reaction into a 1.2% agarose gel and subjected to electtophoresis. This was one of the 
photograph took from the amphfied PCR products. Lane 1-2: St-21-A-2 and St-21-A-3, 
and lane 3: non-transformed Stovepipe as a control. Lanes 4-9: HS-16-A-1, CA-3-A-2, 
HS-21-D-1, HS-21-D-2, HS-21-D-3 and HS-21-D-4. Lane 10: pRTL2-GUS plasmid 
DNA as a positive control amplified under the same conditions, and lane 11: non-
ttansformed CA3084 as a control. Lane 12: a A -DNA digested with Hind III as the 
molecular weight markers labeled at right. The expected DNA products 586 bp 
fragments were shown in the gel (red arrow). 
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Figure 2.5. Detecting presence of the 35S promoter and the uidA sequences by PCR. 
Genomic DNA extracted from the T, plants derived for the pRTL2-GUS treated 
cotton. Each sample used 200 ng of genomic DNA and amplified with two 
oligonucleotide primers '35S-1' (forward) and 'uidA-2' (reverse). Each sample was 
loaded 12 JJ,1 from the 25 |al reaction into a 1.2%o agarose gel and subjected to 
electrophoresis. This was one of the photographs token from the amplified PCR 
products. Lane 1: a non-transformed Paymaster HS26 as a conttol; lanes 2-7: HS-21-
D-1, HS-21-D-2, HS-21-D-3, HS-21-D-4, HS-2-B-1 and HS-7-C-1. Lane 8: pRTL2-
GUS plasmid DNA as a positive control amphfied under the same conditions, and 
lane 9: a A -DNA digested with Hind III as the molecular weight markers labeled at 
right. The expected DNA products were shown in the gel (red arrow). 
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nt to 569 nt of the uidA in the Genbank (access #A00I96). The rest of 320 nt sequences 

were identical to the uidA gene from position 421 nt to 740 nt of the coding region. 

Sequences of the vector pCR® 2.1 were found from 1 nt to 53 nt and followed 23 

mer sequences of the primary PCR primer 'uidA-2' from 54 nt to 76 nt (Figure A.2). The 

ttansgene uidA sequences started from 54 nt to 244 nt which was identical to the 

nucleotides from 1006 nt to 815 nt of the uidA in the Genbank (access #A00196). The 

rest of 336 sequences were identical to the uidA gene from position 1006 nt to 661 nt of 

the coding region. Sequences from both outputs were compared by the 'GCG' program 

and 80 bases were found overlapped and complemented. The DNA fragments on 

pCR®2.1-GUSP#314-4 and pCR®2.1-GUSP#3I4-2 were 586 bp. The resulting forward 

sequences were 320 nucleotides (located at uidA 421 nt - 740 nt) and the resulting 

reverse sequences were 336 bases (located at uidA 1006 nt - 661 nt); they were 

completed matching the designed 586 bp with overlapping 80 bases. The fact that the 

'SeqA' and 'SeqB' were identical to the coding sequences of the uidA confirmed the 

presence of the ttansgene in the progeny plant 'CA-3-A-2' (Figure A.3). 

Southem Hybridization 

Southem blot analysis of the genomic DNA from ten independent putative 

transgenic plants confirmed the integration of the transgene uidA coding region into the 

plant genome. With the exception of the non-ttansgenic control, the plant genomic DNA 

digested with EcoRI tested had sequences that hybridized to a P '̂̂ -labeled 1.8 kb DNA 

fragment of the uidA gene (Figure 2.7). The probe hybridized to the genomic DNAs in 

aU 10 T, plants, CA-3-A-1, CA-3-A-2, ST-6-A-2, ST-21-A-1, ST-21-A-2, ST-21-A-3, 

40 



(A) GUS gene and PCR primers with amplified products: 

5'-End 35S Promoter GUS gene iuidA) 

•mMAW' 
Terminator 

3'-End 

Primer uidA-1-

(intemal fragment ofuidAJ 

Primer 35S-1 
mM^i^ 

Primer uidA-2 

Primer uidA-2 

(partial 35S promoter and uidA) 

(B) pCR2i-GUS(P) and sequenced fragments: 

Intemal fragment of uidA 

Primer uidA-1 Primer uidA-2 

Primer M13-1 ( u n i v e r s a l ) ^ , . ^ * ' * ^ ^ ^ ^ ^ | H ^ ^ * r ^ Primer Ml3-2 (reverse) 

Figure 2.6. Schematic diagram of primers used in PCR and sequencing and a scheme of 
pCR®2.1-GUS(P). (A): The uidA coding region (blue) and 35S promoter and terminator 
(gray). Primers: uidA-1 and uidA-2 (blue arrows), and 35S-1 (red arrow). The PCR 
products — a 586 bp fragment indicated uidA (blue), and a fragment 941 bp of 35S 
promoter and uidA (gray-blue). (B): Constmct pCR®2.1-GUS(P) and the sequenced 
fragments 'Seq A' from 421 to 742 nt of uidA (blue, detail in Appendix 2.8) sequenced 
with primer M13-1 (universal, blue arrow), and 'Seq B' from 1006 to 661 nt of uidA 
(purple, detail in Appendix 2.9) with primer Ml3-2 (reverse, purple arrow). Vector of 
pCR®2.1 (green ellipse) and the sequences of the primary PCR primers uidA-1 and uidA-
2 (gray arrows) included in the new constmct. 
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Figure 2.7. Southem hybridization of genomic DNAs from the transgenic T, cotton 
plants. Genomic DNA was isolated from pRTL2-GUS ttansformed plants and 10 /ig 
genomic DNA digested with Hindill for each sample. Lanes 1-10: ST-6-A-2, ST-
21-A-l, ST-21-A-2, ST-21-A-3, CA-s-A-1, CA-3-A-2, HS-21-D-1, HS-21-D-4, HS-
7-C-l, and HS-7-C-2 (Genotypes abbreviated as: ST = Stovepipe, CA = CA3084, 
and HS = Paymaster HS26). Lane 11: pRTL2-GUS as a positive control, lane 12: X 
DNA fragments digested with Hindill as molecular weight markers (labeled at right, 
KB = kilo bases pair), and lane 13: a non transformed plant of "Paymaster HS26" as 
a negative control. The gel blots were hybridized with a probe, the 1.8 kb 
radioactive dCTP -̂̂  - labeled uidA gene fragment. 
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HS-21-D-1, HS-21-D-4, HS-7-C-1, and HS-7-C-2, chosen for confirmation (lanes 1-10). 

The expected fragments corresponded to the uidA gene (Figure 2.7). Other digestions 

with Xbal, Hindill and BamHI confirmed hybridization signals (photos not shown). 

T? Populations 

T2 plants from two populations, 60 plants from T2-HS-21-D-4 and 56 plants from 

T2-ST-2I-A-I, were tested for GUS expression. Of 60 plants tested in T2-HS-21-D-4,44 

individuals of T2-ST-2I-A-I showed GUS expression. Forty individuals out of 56 plants 

tested were found to be GUS positive. A 3:1 segregation ratio was observed in two T2 

populations (Table 2.4). These results confirm the integration and inheritance of the uidA 

gene in Ti and T2 generations. 

Table 2.4. Segregation and X̂  statistic for inheritance of uidA expression in seedlings of 
T2 cotton plants. 

T2 Genotype' 

ST-21-A-1 

HS-21-D-4 

Total no. 
of plants 

60 

56 

Observation 

GUS (+) GUS (-) 

44 16 

40 16 

Distribution 

Expected 3:1 

GUS (+) GUS (-) 

45 15 

42 14 

^' 

0.09"̂  

0.38"̂  

P 

0.75-0.9 

0.5-0.75 

'The genotype of ST-21-A-1 is Stovepipe and HS-21-D-4 is Paymaster HS26; 
*• The chi-square test was used with a 0.05 limit of probability and one degree of freedom; 
' Fit the expected ratio (3:1). 

43 



Discussion 

Transformation frequency in cotton by PTP in this study is similar to 

Agrobacterium-mediated transformation (Umbeck et al, 1987, Firoozabady et al, 1987, 

Zapata et al , 1999, Rashid et al, 1996a) and particle bombardment (Chlan et 

al , 1995, Finer and McMuUen, 1990, McCabe and Martinell, 1993). Transformation 

frequency of 5.3-6.3%o was reported in Arabidopsis (Mengiste et al, 1997) and 10.3% in 

Moricandia arvensis (Rashid et al, 1996b) using Agrobacterium-mediated 

transformation. A transformation frequency of 3.7%) was found in particle bombardment 

on a cotton meristem (McCabe and Martinell, 1993) and stable GUS expression was 

reported for 0.7% and over 4% of the transient expression in cotton, respectively, in the 

particle bombardment of embryogenic cell suspension culture system (Finer and 

McMuUen, 1990, Rajasekaran et al, 2000). PTP transformation is an effective approach 

to obtain ttansgenic cotton. 

The advantage of PTP transformation over Agrobacterium-mediated or particle 

bombardment methods is that fertile seeds are obtained from the treated recipient plant, 

while the product of transformation resulting from Agrobacterium-mediated and particle 

bombardment methods is mostly tissue callus, cotyledons or meristems, which require 

plants to be regenerated from the recipient tissue. Seedlings were established from seeds 

of each recipient plant, 21 of 27 CA3048,12 of 20 Stovepipe and 26 of 34 Paymaster 

HS26. Percentages of transgenic seedling establishment were not significantly different 

when compared to non-transgenic controls (Table 2.2), confirming that the product of 

PTP (i.e. seeds) were fertile and developed normally. Because fertile seeds were 

recovered, there was a one-step screening process for detecting the presence of the 
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ttansgene, rather than multiple steps required to regenerate a transgenic plant by 

Agrobacterium-mediated or particle bombardment transformation. 

Boll set after DNA treatment observed in this study was similar to the 30.5%) 

observed by Xie et al. (1991), and was higher than other studies of cotton transformation 

using PTP, 8.3% (Huang et al, 1981) and 11.4% (Wu, 1993). Visible physical damage to 

the remnants of style of young bolls was observed 1-2 weeks after the bolls were treated 

by injection. This damage resulted in some bolls forming only one or two locules, hence, 

reduced seed set. Cotton has a muhi-loculed fruit, providing an opportunity for many 

seeds to be ttansformed in one treatment, increasing the opportunities for single 

transformation events. Upland cotton usually has bolls with 4-5 locules (Munro, 1987), 

and each locule contains 10-15 embryos which develop into seeds. In our study, most 

bolls after treatment contented 1-3 locules. The loss of locules was likely caused by 

damage upon injection of the syringe. Damage to the locules could be minimized by 

using a smaller gauge needle (i.e., a 27-gauge needle attached to a syringe, Sigma, 

Catalog# ZI9, 208-2, permanently affixed needle). 

Transformation frequency of T] cotton seedlings by pollen tube pathway in this 

study was 11.1 % based upon GUS expression and 18.9 % based upon PCR analysis 

(Table 2.3). Of the plants treated, 11.7 % of these were GUS positive and 18.9 % of the 

progeny exhibited the uidA gene fragment. These percentages are higher than those of 

earlier studies: 3 % by Xie et al (1991), 1.7 % by Ni et al. (1996) and 2.7 % by Sun et al. 

(1998); in each of these studies, DNA injections were done in the field, while our 

treatments were done in the greenhouse. A plant is scored as a transformant if there is 

any evidence of the transgene. Our transformation frequency was remarkably higher and 
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may be inflated due to at least three possible reasons: (1) our transformation was done in 

greenhouse where growth conditions were more favorable than the less favorable field 

conditions; (2) other researchers did phenotypic screens of whole plant morphology such 

as resistance to insects, and subject to expression test or individual assays, only those 

exhibiting resistance were scored positive, decreasing the number of individuals in the 

study and eliminating individuals which contained the transgene but did not show 

resistance; (3) the DNA solution we used for PTP transformation contained the growth 

hormones gibberellic acid (GA3) and naphthalene acetic acid (NAA) (Song, 1994, Peffley 

et al , 2003) while only SSC or TE was used by others (Huang et al, 1981, Ni et al, 

1996). Development of ovules subsequent to fertilization can be enhanced using the 

growth hormones GA3 and NAA. Exposure to GA3 stimulates cell division in the seed 

setting process (Jones, 1973; Krishnamoorthy, 1975) and NAA assists in embryo 

development preventing preharvest fruit drop (Wellensiek, 1992). The combination of a 

cytokinin and an auxin may provide the hormone needed to help the bolls from aborting 

post-treatment. Our results together with other reports (Huang et al, 1981, Xie et al, 

1991, Ni et al , 1996 and Sun et al, 1998) demonstrate transgenic seeds are recovered 

using the PTP for transformation. A recent report on soybean discussed the failure of 

PTP transformation (Shou et al, 2002). One explanation for the success of cotton 

transformation by PTP and the failure of soybean (Shou et al, 2002) is that the cotton 

flower is larger than the soybean flower and is easier to manipulate than the soybean 

flower. Because of the size difference, the staminal column of cotton can accommodate 

an invasive procedure such as insertion of a syringe, whereas soybean pistils are more 

fragile and easily damaged. 
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Separate transformation events occurred within the same ovary of each cotton 

plant treated (Table 2.3). Eight plants from five bolls expressed GUS activity as detected 

by histochemical assay (Table 2.3). CA-3-A-1 and CA-3-A-2 were recovered from the 

single tteattnent of parental plant CA-3-A. Similarly, a single treatment of St-21-A, HS-

7-C and HS-21-D were from single transformants. The PTP approach allows us to select 

independent events in a single seed from a matured boll after DNA treatment. Two Ti 

individuals, ST-6-A-2 and ST-21-A-3, exhibited the intemal 586 bp but not the 941 bp 

fragment in PCR tests. The promoter was not detected and four individuals did not 

express GUS. This may explain the disparity between 18.9 % PCR positive and 11.8% 

GUS detected. Failure to detect the 941bp fragment in the PCR test in these two 

individuals could be the reason that expression of GUS was not found in these plants. 

Why did the entire promoter-GUS fusion DNA cassette not integrate into the host 

genome in some cases needs to be studied. 

Expression of GUS was detected in Ti and T2 generations of transgenic plants 

(Table 2.3 and Table 2.4) indicating that the uidA was integrated into the host genome 

and passed to the next generation. Expression of GUS segregated at a 3: 1 ratio. This 

suggests that T2 HS-2I-D-4 and ST-21-A-1 had inherited the transgene uidA from their 

previous generation, the Ti HS-21-D and ST-21-A. Our observation is consistent with 

previous reports of GUS introduced into cotton via particle bombardment where 

subsequent populations segregated 3:1 (McCabe and Martinell, 1993), and when GUS 

was introduced into barley hy Agrobacterium-mediated transformation, a 3:1 segregation 

ratio was noted (Cho et al , 1999). GUS in transgenic India rice wia Agrobacterium-

mediated transformation showed a 3:1 segregation (Rashid et al, 1996a), and T2 peanut 
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plants expressing GUS in an Agrobacterium-mediated transformation segregated 3:1 

(Cheng et al , 1997). Evidence that the transgene uidA integrated into the cotton genome 

IS provided by Southem hybridization (Figure 2.7). Other digestions with Xbal, Hindill 

and BamEl confirmed the hybridization signal. There were several T2 lines which did not 

segregate in a 3:1 ratio (data not shown). This can be explained if the primary seed 

ttansformed was chimeric. This phenomenon is not unprecedented, as Hess (1972) 

reported in petunia transformation studies that anthocyanin expression in a chimeric 

individual was lost in the following generation. In order to have a pure homologous 

ttansgenic line, the chimeric-GUS expressing buds need to be pmned away periodically 

during seedling establishment (McCabe and Martinell, 1993), leaving only tissues that 

express GUS. 

Conclusions 

Transformation of cotton plants via the PTP method was confirmed by GUS 

histochemical assays, PCR analyses, and confirmed to be integrated into the genome by 

Southem hybridization. Further evidence for successful transformation was found where 

the transgene uidA expressed in the Ti and T2 progeny. The PTP method is a good 

alternate transformation approach for cotton and other plant species, especially those 

recalcitrant for regeneration in the Agrobacterium-mediated and particle bombardment 

methods, as tissue culture is not required. Fiulhermore, the process of DNA delivery is 

simpler than Agrobacterium-mediated and particle bombardment methods because the 

process is performed on planta in a greenhouse or in the field. PTP method can be used 

to transfer an entire gene into the host cotton genome. The PTP method is valuable for 

48 



improving current genotype, because of its genotype-independence, ft may be a 

potentially good approach for multigene transformation of complex agronomical traits. 

Our resuUs using PTP transformation demonstrated Mendelian inheritance of the reporter 

GUS gene and show the significance of this method for the introduction of commercially 

desirable genes such as disease resistance into cotton genome. This method could 

potentially be applied for the production of transgenic plants with functional genes into 

any cotton genotype. 
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CHAPTER III 

INTRODUCTION OF A CHITUSfASE GENE (ch5b) 

AND A p-1, 3-GLUCANASE GENE (bg2) 

INTO COTTON PLANTS 

Abstract 

Chitinases and /3-1,3-glucanases have been used in transgenic plants to improve 

resistance to pathogens, hi this study, fertile, transgenic cotton (Gossypium hirsutum L.) 

plants expressing a bean chitinase and an Arabidopsis jS-l,3-glucanase were generated 

using pollen tube pathway-mediated transformation system. Ch5b from Phaseolus 

vulgaris L. and bg2 from Arabidopsis thaliana L. were constmcted into plasmid pRTL2 

driven by the CaMV 35S promoter. The transgenes ch5b and bg2 were successfully 

delivered into two breeding lines of cotton. Southem blot and slab blot analyses of DNA 

isolated from T2 progeny demonstrated that the transgenes were stably integrated into the 

genome of ttansgenic cotton plants and inherited by the offspring. Expression of the 

chitinase and j8-1,3-glucanase gene was detected in transgenic T2 cotton plants. 

Transgenic T2 and T3 plants examined for resistance to the fungal pathogen Rhizoctonia 

solani Kuhn in a growth chamber exhibited less root rot and fewer hypocotyl lesions than 

non-transgenic control plants. Greenhouse screening tests indicated that the ability to 

resist the fungal pathogen R. solani increased in these plants. Our resuUs suggest that the 

chitinase and jS-1,3-glucanase genes functioned in cotton and were expressed in fertile 

plants. The pollen tube pathway transformation strategy may be useful for the control of 

other fungal diseases of plants. 

55 



Key words chitinase, /3-1,3-glucanase, cotton, pollen ttibe pathway, seedling disease, 

Rhizoctonia solani 

Introduction 

Cotton (Gossypium spp.) is the source of the majority of natural fibers in the 

world. This crop can be grown under a wide variety of conditions, geographically 

spanning five continents. The United States produces 24% of the worid's cotton (Lange, 

2000). Cotton is the highest valued crop in the state of Texas, which alone produced 

980.6 miUion kg from 1.78 million hectares comprising 26.5%) of the total crop 

production in the U.S. bringing a gross receipt of 1,027 million dollars (Texas 

Agricultural Statistics Service, 2000). The Texas High Plains grew 1.15 million hectares 

of cotton, producing 59%) of the cotton lint of Texas (Texas Agricultural Statistics 

Service, 2000). 

Seedling diseases are a serious problem for cotton production. As the cotton seed 

germinates, the radical emerges from the pointed hilum end of the seed and is followed 

by the hypocotyl that develops about two days later. The hypocotyl expands and the 

cotyledons rise out of the ground. The hypocotyl rapidly straightens to bring the stem and 

cotyledons into an upright position. Cotton seedlings are especially vulnerable to a 

number of soil or seed-bome pathogens at each of these stages. More than forty fungi 

have been isolated and identified from diseased cotton seedlings (Hillocks, 1992). The 

majority of cotton seedling disease pathogens are a complex of fungi. In the Texas High 

Plains, seedling diseases are usually caused by three fungal species Rhizoctonia solani 

(Wheeler et al , 1997), Pythium spp. (Wheeler and Gannaway, 1999), and Thielaviopsis 
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basicola (Wheeler et al , 2000). The fiingal mycelia penetrate the plant epidermis to 

colonize the soft tissue of the cotyledons, hypocotyl, and roots of seedlings. A colonized 

area of plant tissue exhibits a sunken surface and discoloration from tan to reddish brown. 

Under high humidity the hyphae can penetrate die surface of the plant tissue and cause 

serious damage, even killing the seedlings (Davis, 1981). 

Approaches to control seedling diseases include crop rotation, application of 

fungicides, and use of disease resistant cultivars. While each method can be partially 

effective against certain pathogens, none are sufficient when environmental conditions 

are highly conducive for disease. Applying fungicides either to the seeds or to the soil 

may be ineffective especially when the climate is optimal for pathogen fungal growth. 

The costs of fungicides and environmental pollution issues are considerable. 

Furthermore, cotton cultivars currently used in the world are mostly susceptible to 

seedling diseases. Cotton seedling disease can lead to substantial stand losses when the 

disease is not managed or the weather is highly conducive to the disease (Halloin, 1983). 

Conventional breeding for disease resistance has had limited success, in part because 

there have been minimal breeding efforts for seedling disease resistance due to the 

difficulty in finding disease resistant gene(s) that convey effective disease resistance in 

upland cotton and a mechanism for inserting candidate genes with subsequent expression. 

Pathogenesis-related proteins (PRs) are plant proteins coded by the plant genome 

but only expressed when induced by a pathogen's attack or by abiotic stress. Proteins 

considered as PRs are mostly oxidative and hydrolytic enzymes. The studies on PR 

proteins have found that PRs can delay the progression of diseases caused by pathogens 

(van Loon and van Kammen, 1970). PRs have been identified in more than 13 plant 
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families involving 48 species (van Loon, 1999), and including Arabidopsis thaliana L. 

and Phaseolus vulgaris (bean). PRs are currently classified as 11 families (PR-1, PR2, 

... PR-11). Chitinases belong to groups PR-3, PR-4, PR-8 and PR-11, and P-1,3-

glucanases are PR-2 (van Loon, 1999). Activation of PR gene expression induced by a 

pathogen or patiiogenic factors plays an important role in plant defenses against 

pathogens. 

Since chitins and glucans are major cell wall components of fungal pathogens 

(Bartnicki-Garcia, 1968), chitinases and P-l,3-glucanases have been proposed as 

potential antifungal reagents in plant disease control (Boiler et al, 1983). Chitin is a 

linear homopolymer of p-1,4-linked N-acetylglucosamine residues. Chitinase, a poly 

[l,4(N-acetyl-P-D-glucosaminide)] glycanohydrolase [EC3.2.1.14], catalyzes the 

hydrolysis of chitin. P-l,3-glucanases [EC 3.2.1.39] degrade P-l,3-D-glucosidic linkages 

in P-D-glucans. In results from in vitro experiments (Arlorio et al, 1992; Boiler, 1986; 

Broekaert et al , 1992), transgenic plants with over-expressing chitinase genes showed 

suppression of the pathogens (Broghe et al, 1991). 

Chitinases inhibit the growth of several genera of fungi in vitro, such as 

Rhizoctonia solani (Broglie et al, 1991), Fusarium solani (Mauch et al, 1988; Roberts 

and Selifrennikoff, 1988), and Trichoderma viride (Schlumbaum et al, 1986). A bean 

(Phaseolus vulgaris L.) chitinase gene, ch5b, has been cloned and introduced into 

tobacco (Broglie et al , 1991). The transgenic tobacco plant constitutively expressed 

ch5b and showed significantly lower root damage caused by R. solani than the control 

(Broglie et a l , 1991). In c/i56-transgenic canola plants, a progressive breakdown of 
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chitin of the infesting R. solani was associated with ch5b gene (Benhamou et al, 1993), 

indicating that the chitinase was being actively used. A tobacco chitinase gene chlv/as 

introduced into peanut plant and ttansgenic peanut plants showed increased resistance to 

a fungal pathogen, Cercospora arachidicola, which caused leaf spot disease in peanut 

(Rohini et al , 2001). The use of bean chitinase to inhibit fungal pathogens may improve 

cotton plant resistance to R. solani. P-l,3-glucanases also have been proposed as 

potential antifungal enzymes in plant disease control (Boiler et al, 1983; Boiler, 1986). 

Chitinase and P-l,3-glucanase are thought to kill fungi by thinning the cell wall at the 

hyphal tip by degrading chitin and P-glucan. This thinning causes swelling and bursting 

and ultimately the death of the hyphal tip (Arlorio et al, 1992). The fungal hyphal tip is 

thought to be particularly susceptible to lysis because of its cell wall synthesis which 

involves a delicate balance between P-glucan hydrolysis and synthesis, and its balance 

could be dismpted by the plant's P-l,3-glucanase activity (Mauch and Staehelin, 1989; 

Mauch et al , 1984; Abeles et al, 1971; Keen and Yoshikawa, 1983). Two transgenic 

tobacco lines, one containing a rice chitinase gene and another with alfalfa P-1,3-

glucanase gene, were crossed by Zhu et al. (1994). The progeny carrying the two 

transgenes was selfed and the homozygous plants for the two transgenes were obtained. 

The combination of the two transgenes showed significantly less damage caused by the 

fungal pathogen Cercospora nicotianae than the transgenic line with either the rice 

chitinase or the alfalfa P-l,3-glucanase. Therefore using a combination of chitinase and 

P-l,3-glucanase genes, cotton plants resistant to seedling disease may be produced. 
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There have been no reports on the introduction of exogenous bean chitinase or 

Arabidopsis P-l,3-glucanase into cotton plants. The objective of the present study was to 

inttoduce the chitinase and p-l,3-glucanase genes ch5b and bg2 into cotton plants using 

the pollen tube pathway-mediated method and to deermine (1) whether the transgenes can 

integrate into the cotton genome and be inherited by ttansgenic progeny; (2) whether the 

bean chitinase and Arabidopsis P-l,3-glucanase can be expressed in cotton plants; (3) 

whether the transgene can increase or improve resistance to fungal pathogen R. solani; 

and (4) if there is any increased resistance, and whether this resistance is heritable. 

Materials and Methods 

Plant Materials 

Two upland cotton (Gossypium hirsutum L.) breeding lines, line A (95-T20#-

1517) and line B (95-T20#-l 14) were used in this study. Seeds from both lines were 

provided by Dr. John Gannaway from Texas A&M University System Research and 

Extension Center at Lubbock, TX. Cotton plants were grown in May-October 1997/1998 

imder normal irrigated field conditions at the Texas A&M University System Research 

and Extension Center at Lubbock, TX. Cotton plants were maintained as 1 plant per 40 

cm distance in the field. Thirty to fifty cotton plants from lines A and B were used as 

recipients for transformation. 

Transgenes 

Plasmid pCH18 (Genbank access # Ml3968) containing a bean chitinase gene 

(ch5b) was provided by Dr. R. Broglie (E.I. DuPont Agricultural Products, Wilmington, 
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DE). The chSb was cloned into a plasmid pUC18 by Broghe et al. (1986). Another 

plasmid pBG2 (Genbank access # M5862) containing Arabidopsis thaliana P-1,3-

glucanase gene (bg2) was provided by Dr. S. Muthukrishnan (Department of 

Biochemistty at Kansas State University Manhattan, KS). The bg2 was cloned into a 

plasmid pBluescript from die ecotype "Landsberg" of .4. thaliana by Dong et al (1991). 

Ch5b was introduced into cotton lines A and B and bg2 was introduced only into line A. 

Gene Constmcts 

Plasmid pRTL2 (Restrepo et al, 1990), containing the CaMV 35S promoter and 

35S terminator (Benfey and Chua, 1990), was used as a vector for transformation in this 

sttidy (DNA of pRTL2 was provided by Dr. Randy Allen of Texas Tech University and 

the diagram of the pRTL2 was provided by Dr. James Carrington of Texas A&M 

University). Since plasmids pCH18 and pBG2 do not contain a promoter for expression 

in plants, pRTL2 was used as the vector to carry the ch5b and bg2 genes in this study. 

XiRTh2-ch5b. A 1034 bp coding sequence of ch5b was removed from pCH18 at 

the EcoRI site, the original insertion location for ch5b (Broglie et al, 1989). The ch5b 

coding sequence was blunted with a Klenow fragment and then ligated into vector 

pRTL2. The new constmct with ch5b was named as pRTU2-ch5b, which was used for 

transformation. 

pRTL2-6jg2. A 918 bp coding sequence of bg2 was removed from pBG2 by PCR 

ampUfication with primers 'bg-1' and 'bg-2' (Table 3.1), and then cloned into pCR®2.1-

TOPO following the instmction of the manufacturer (Invitrogen® Carlsbad, CA). Since 

the new constmct from PCR cloning contained the fco/?/restriction site, the 918 bp bg2 
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Table 3.1. Sequence of the oligonucleotide utilized as primers for PCR and sequencing 
analyses ofpRTL2-ch5b and pRTL2-bg2. 

Expected size of 
Name Position (nt) Sequence ( 5 ' ^ 3') fragment (bp) 

ch-1 2217" GACTACTGCGGCAAGGATTGCCAGAG 775 

ch-2 2991" GAGTCTGAGAGTAGCAGTCAAGGATG 

bg-1 885-905'' TGAAGCTGGACAAATCGGAGT 918 

bg-2 1844-1824" AAGCCCACAATTCTCTAAGAA 

bg-3 908-934'' GCTACGGGATGCTAGGCGATACCTTGC 766 

bg-4 1673-1647'' CCTGGCCTTCTCGGTGATCCATTCTTC 

35S-1 727 ATGACGCACAATCCCACTATCCTTCG 941'; 810'' 

Ml 3-1 210"= AACAGCTATGACCATG (for sequencing) 

M13-2 388 ' GTAAAACGACGGCCAGTGA (for sequencing) 

* The nucleotide number was according to the information of plasmid pCH18, Genbank access # S43926. 
(The ch5b coding sequence is from nucleotides 2055 to 3038 of the pCH18). 

'' The nucleotide number was according to the information of plasmid pBG2, Genbank access # M5862. 
(The bg2 coding sequence is from nucleotides 906 to 1823 of the pBG2). 

' 35S-1 promoter primer and ch-2 reverse primer were used in PCR; the expected fragment was 941 bp. 
** 35S-1 promoter primer and bg-4 reverse primer were used in PCR; the expected fragment was 810 bp. 
* Refer to the map of pCR®2.1-TOPO (Invitrogen ®Carlsbad, CA) for nucleotide position. 

was digested with EcoRI and inserted into pRTL2. The new bg2 constmct was named as 

pRTL2-bg2, and was used for transformation. 

The orientation and reading frames ofpRTL2-ch5b and pRTL2-bg2 were 

confirmed by restriction mapping and auto-sequencing with oligonucleotide primer '35S-

1'. The primer is designed to cover the 3'end of the CaMV35S promoter sequence to the 

5'-end beginning of the gene linked into the vector (Table 3.1). All auto-sequencing 

experiments were performed at the Institute for Biotechnology at Texas Tech University. 

Results of sequencing were analyzed by GCG programs (Genetics Computer Group, 
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Madison, WI). Both pRTL2-ch5b and pRTL2-bg2 were transferred into DH5a bacterial 

cells following die instmctions of the manufacturer (hivitrogen, Carlsbad, CA). 

DNA Solutions 

DH5a cells containing either pRTL2-ch5b or pRTL2-bg2 were cultured into 50 

ml of LB (hquid broth) media with 50 /ig/ml ampicillin and incubated at 37°C overnight. 

Plasmid DNA was extracted and purified by using a DNA Mid-prep kit (Qiagen, Inc., 

Chatsworth, CA) following the instmctions of the manufacturer. The plasmid DNA was 

resuspended in a solution containing 4mg/l of gibberellin and 4mg/l naphthalene acetic 

acid (Song, 1994), and final DNA concentration was adjusted to 0.4^g /|al, hereafter 

called DNA solution. The DNA solution was frozen and stored at -20°C as aliquots of 

100 yd each in microcentrifiige tubes. 

DNA Delivery 

DNA deliveries of ch5b and bg2 were carried out in 1997 and 1998, respectively, 

at the Texas A&M University System Research and Extension Center experimental plots, 

Lubbock, TX. All treatments were performed on clear (sunny) days to avoid young 

bolls' abortion. The immature floral bud is green and becomes pale cream-colored one 

day before anthesis. When the pale cream-colored corolla is 3.5-4.5 cm long from the tip 

of the petal to the pedicel, the flower is about one day from anthesis. Since pollination 

occurs in a cotton plant after corolla dehiscence (Munro, 1987), a drop of glue (Elmer's 

Products, Inc., Columbus, OH) was placed on the closed corolla the day before corolla 
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dehiscence (-14 hour) to prevent contamination from foreign pollens. The five-petal 

corolla is cream-colored on the day of anthesis. Petals ttim a watermelon red (McGregor, 

1976) about 12-30 hours after pollination. This watermelon red indicates that the pollen 

tube has germinated, elongated, and has reached the embryo (Pollock and Jensen, 1964). 

DNA solution was injected into the style when the petals tumed watermelon red. DNA 

follows the pathway formed by the pollen tube and entered the ovary (Zhou et al, 1983) 

at this stage, the corolla, stigma, style and staminal column were gently removed from the 

sealed inflorescence, i.e. the moming of the third day or 25-28 hours after the corolla was 

sealed. The exposed ovary was held steady by grasping the pedicel, and about 6-10 ^1 

DNA solution was delivered through the remnants of the style using a 50 îl syringe with 

a 22-gauge needle. DNA solution was injected into the center of the tip of the exposed 

ovary vertically entering the axis of the placenta, but without penetrating the ovary wall 

at the bottom. The needle was then drawn back 2-3 mm upward and DNA solution 

gently and slowly pushed into the channel formed by the movement of the needle inside 

the young boll. The treated flower was tagged. Young bolls remaining on the plant 

following tteatment were grown to maturity in the field. One himdred fifty-one flowers 

from line A and 57 flowers from line B were treated with pRTL2-ch5b DNA solution. 

Two hundred thirty-one flowers were tteated with pRTL2-bg2 DNA solution. After 

DNA treatment, the plants were trimmed to no more than one boll per branch in order to 

provide adequate nutrients for the treated boll. All matured bolls were hand harvested 

individually and seeds from different bolls were kept separately. 

For the convenience of discussion, 'Ti population' is defined as all seeds from 

treated flowers and seedlings from these plants. Ti populations include individuals with 
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eidier the ttansgenes ch5b or bg2 as well as individuals without ch5b or bg2. 'Ti 

generation' is defined as plants harboring transgene ch5b or bg2, a subset of the Ti 

population. The 'T2 generation' was derived from the selfing of a Ti plant and the 'T3 

generation' was derived from the selfing of a T2 plant. 

Growth of Transgenic Plants 

Seeds obtained from the ch5b treated plants of lines A and B were considered as 

the Ti population and were sowed in the Horticultural Greenhouse at Texas Tech 

University in the winter of 1997. The seeds were sown into a plastic pot, 25 cm in 

diameter, one seed per pot, filled with a medium of 70%o multi-purpose potting mix 

(Miracle-Gro Lawn Products, Marysville, OH) mixed with 30%) sand, and irrigated using 

tap water. The cotton seedlings were grown under ambient greenhouse conditions, 22-

25°C. When the seedlings had 3-4 tme leaves, plants were fertilized with water-soluble 

20-20-20 Peters 'Plant Food' (Spectmm Group, St. Louis, MO). 

T] plants were named following this system: 'transgene-recipient line-plant#-

flower#-seed#' as identification (ID) numbers (Figure 3.1). For example, plant 'CH-A-

12-1-1' represented a Ti seedling from the first seed (in purple) of flower #1 (in black) 

that was harvested from plant #12 treated with pRTL2-ch5b (in green). All Ti plants 

were tested for presence of the ch5b by PCR (for detail see 'Identification of Transgenic 

Plants'). The ch5b PCR positive plants were grown to generate the T2 seeds. T2 plants 

were screened for disease resistance. 

To shorten the identification process, all seeds obtained from the treatment of 

bg2-A lines were sowed into styrofoam cups and grown until the 3-5 tme leaf stage in the 
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Naming System for the T, Plants 
after DNA Treatment 

Transgene - Genotype - Plant # - Flower # - Seed # 

ch5hovh^J l i n c A d i R 1 ,2 ,3 , . . . 1 , 2 , 3 , . . . 1,2,3, 

Examples: CH-A-12-1-1 
CH-B-15-1-7 
BG-A-17-8-1 

Figure 3.1. Naming system for the T, plants after DNA treatment: The name of the Tj 
plant was followed 'transgene - genotype - plant number - flower number - seed 
number'. For example, 'CH-A-12-1-1' was a Line A T, plant from the seed #1 of the 
flower#l harvested from the flower treated with pRTL2-c^56. 
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greenhouse in early May of 1999. At the 3-5 tme leaf stage, seedlings were transplanted 

into a cotton experimental plot field at early June in Texas A & M University System 

Research and Extension Center at Lubbock, TX. Seeds matured on planta in the field. 

Identification of Transgenic Plants 

Genomic DNA was isolated as described by Wettasinghe and Peffley (1998). 

About 200-300 mg fresh cotyledon tissue was ground in a Whirl-pak bag (Fisher 

Scientific Inc., Piano, TX) filled with an extraction buffer containing 0.6 ml 100 mM 

sodium acetate pH 4.8, 50 mM EDTA, 500 mM sodium chloride 2% PVP 10,000 and 

1.4%) SDS. The ground sample was squeezed from the comer of the bag into a sterile 

1.5-ml Eppendorf tube and incubated at 65°C for 20 minutes. A 0.6-ml of 10 M 

ammonium acetate was added. After centrifuging at 10,000 x g for 10 minutes, the 

supernatant was ttansferred to a new tube, and DNA was precipitated by adding a 0.6-ml 

isopropanol The DNA was hooked with a glass-bar and resuspended in TE for PCR and 

Southem analyses. 

To detect presence of the transgenes ch5b and bg2 in cotton seedlings, four sets of 

primers (Table 3.1) were used for PCR analyses. Primers 'ch-1' (forward) and 'ch-2' 

(reverse) were used to detect a 774 bp fragment of coding sequence of ch5. Primer '35S-

1' (forward) derived from the 35S promoter was used together with 'ch-2' (reverse) to 

detect the presence of the 35S promoter and ch5b sequence, whose fragment's size was 

expected to be 941 bp. To detect bg2 primers 'bg-3' (forward) and 'bg-4' (reverse) were 

used in PCR test, and a 766 bp fragment of bg2 coding sequence was expected. Primer 

'35S-r (forward) was used with primer 'bg-4' (reverse) together to detect the presence 
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of the 35S promoter and bg2 in the genome of transgenic plants. The expected fragment 

following PCR with '35S-1' and 'bg4' was 810 bp. 

PCR was done in a 96-well thin-wall polycarbonate plate (Thermowell #6512, 

Fisher, TX) and was carried out in Thermal Cycler "GeneE" (Techne hic, Princeton, NJ). 

The reaction 25-^1 mixture contained 0.2 mM dNTP (dATP, dTTP, dCTP and dGTP), 

0.5 /AM oligonucleotide primers, 0.05 units Taq polymerase (Perkin-Ehner, Wellesley, 

MA), 2.5 pi lOX PCR buffer (10 mM Tris-HCl, pH 8.4, 50 mM KCl, and 1.5 mM 

MgCb), and 50 ng cotton genomic DNA. The PCR reaction programs consisted of 

incubation at 94°C for 5 min, followed by 35 cycles of 94°C for 1 min, 52°C for 1 min 

and 72°C for 2 min, and elongation at 72°C for 7 min. PCR products were subjected to 

electrophoresis in 1.2%o agarose gel and visualized at a 320-nm UV light after staining 

with 0.5 jiig/ml of ethidium bromide for 10 min. Non-transgenic control plants from lines 

A and B were included in the analyses. 

Southem Hybridization 

To confirm the presence of the ch5b transgene, 10 pg cotton genomic DNA per 

sample was digested with EcoRI and subjected to electrophoresis in 0.8%) agarose gel, 

then denatured and transferred to a nylon membrane. The fragment of ch5b was isolated 

from pCHI8 at the EcoRl site and labeled using a Primers DNA Labeling System 

(Amersham, Arlington Heights, IL) as a probe. The Southem blots were hybridized with 

•'^P-labeled ch5b gene fragments. Preparation of the membrane and hybridization were 

carried out following Maniatis et al. (1982). 
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Slab Blot Hybridization 

To confirm die presence of the transgene of bg2, 1 pg of genomic DNA per sample 

was denatured and transferred to a nylon membrane following the instmction of the 

manufacttu-er (Bio-Rad, Hercules, CA). A 918 bp fragment of bg2 was amplified from 

pBG2 by PCR with primers 'bgl ' and 'bg2' (Table 3.1), and labeled using a Primers 

DNA Labeling System (Amersham, Arlington Heights, IL) as a probe. The membrane of 

the slab blot was hybridized with ^^P-labeled bg2 gene fragment. The membrane was 

exposed to X-ray film and developed following Maniatis et al. (1982). 

Detection of Enzymatic Activities 

Chitinase enzymatic activity was detected by polyacylamide gel electrophoresis 

(PAGE) following Dumas-Gaudot et al. (1992). i3-l,3-glucanase enzymatic activity was 

detected by RED-PAGE following Pan et al. (1989). 

Cotton leaf tissues from 21-day old seedlings were collected and placed 

immediately into liquid nitrogen. Tissue was ground with liquid nitrogen into a fine 

powder and was transferred to a microcentrifuge tube with 1 ml of chilled extraction 

buffer containing 50mM Tris-HCl pH 6.5, Triton X-100 and 0.02%) (w/v) phenylmethyl-

sulfonyl-fluoride (PMSF). The tubes were centrifuged at 14,000 xg for 10 minutes at 

4°C. The supematant containing the soluble proteins was collected and loaded onto the 

polyacylamide gel. 

A substrate of chitinase, glycol chitin, a water-soluble derivative of chitin, was 

prepared following Tmdel and Asselin (1989). The activity of the chitinase was observed 

on the lytic zones where chitinase degraded or lysed substrate chitin, which was 
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embedded in the matrix of the native gel. Because of its high affinity to intact chitin and 

glycol chitin (Maeda and Ishida, 1967), fluorescent brightener (calcofluor white M2R) 

(Sigma, St. Louis, MO) was used as a fluorochrome chemical to reveal the visible band in 

the gel. After briefly destaining with water, the chitinase activity was visualized under 

UV ttans-illumination. The intact glycol chitin in the gel fluoresced as a dark 

background, and the lytic chitin zones degraded by chitinase appeared as light-white 

bands (Dumas-Gaudot et al, 1998). 

/3-1,3-Glucanase activity was detected on a native gel that was made with barley 

glucan, a substrate of |8-1,3-glucanase (Sigma, St. Louis, MO) and was electrophoresized 

under native conditions (without SDS) for 3-4 hours at 220 volts. The gel was removed 

from the plate and rinsed briefly in water. It was soaked in a solution containing 50 mM 

sodium acetate (pH 5.0) at 40°C for 5 min, and incubated in a freshly made solution 

containing 0.66%) Laminrin and 50 mM sodium acetate (pH 5.0) at 40°C for 60 min. The 

gel was ttansferred into a solution contained methanol: water: acetic acid (5:5:2) for 5 

min, and then quickly rinsed with water before staining. The gel was stained with 0.15% 

2,3,5-triphenyltetrazolium chloride freshly made in 1 M NaOH and incubated at 100°C in 

a boiling water bath until the red bands could be visualized. The gel was washed with 

7.5% acetic acid to reduce the background and increase the contrast of the bands. 

Evaluation of Resistance to Seedling Disease 

Twenty-five seeds of each T2 line and control (non-transformed seeds), were 

randomly chosen for the artificial inoculation test. Seeds were delinted in concenttated 

sulfuric acid for 10 minutes and rinsed with tap water. Concentrated baking soda 
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solution was used to neuttalize the acid for 2 minutes, and then the seeds were rinsed 

with running water for 10 minutes. The delinted seeds were soaked in a methanol 

solution for 1 minute and then placed on a paper towel to dry. All seeds were placed in 

water and those that floated were discarded. Seed were treated with Captan at the 

concenttation of a 0.94 g a.i.(actiye ingredient) per 1000 g seeds. Captan (N-

[(trichloromethyl)thio]-4-cyclohexene-I,2- dicarboximide) is a non-systemic fungicide 

(United Agri Products, Inc.) which controls most fungi but has little activity against R. 

solani. 

Pathogen fungus R. solani' AG4' (Anastomosis groups 4 is pathogenic on cotton, 

Hillocks 1992) was provided by Dr. Wheeler (Texas A&M University System 

Experimental Research Center, Lubbock, TX). Mycelia ofR. solani was incubated on 

potato dextrose agar (PDA) in a petri plate (100 x 15 mm) at room temperature for 4-5 

days. When the mycelia fully covered the petri plate (Figure 3.2.A), a circular plug (1cm 

diameter) of mycelia was used as an inoculum (Figure 3.2.B). Captan coated seeds were 

planted in tubes (RLC-7 Super "Stubby" Cell, 4.0 cm diameter x 14 cm depth, Stuewe & 

Sons, Inc., Corvallis, OR) containing autoclaved soil mixture (11% sand, 9% siU, and 

14%) clay). A total of 47 entries were planted, including the transgenic lines, and the 

non-transgenic recipient lines A and B, in a randomized complete block design. Plants 

were grown at 21°C and watered every two days. The 21°C temperature is sufficient for 

cotton seeds to germinate and emerge, but still conducive for isolate of i?. solani to infect 

hypocotyl and cause lesions (Figure 3.2.C). The test was maintained under the same 

conditions for 21 days. 
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All seedlings were scored individually for seedling root rot and hypocotyl lesions 

after 21 days. Seedlings were carefully removed from the container (Figure 3.2.D), 

rinsed with tap water, and then scored. If a seedling had no hypocotyl lesions or root 

damage, it was recorded " 1 " as resistant (Figure 3.3.B, E and F), otherwise it was 

recorded as "0" as susceptible (Figure 3.3.C, D, and G). A container that did not have an 

emerged seedling was recorded as susceptible. The resistant plants in a test mn were 

retested under the same conditions to confirm that they were resistant other than escapes. 

Results were analyzed with the general linear models (GLM) procedure (SAS 5.0, 

Gary, NC) to test for treatment differences. If treatments were significant at a = 0.05, 

then the least square difference (LSD) test was carried out to compare treatments to the 

non-ttansformed conttol. 

Results ztnd Discussion 

Bolls and Seeds from Treated Flowers 

ch5b Treatment. A total of 25 and 15 bolls were harvested from the pRTL2-ch5b 

tteated recipient plants of lines A and B (Table 3.2). Three hundred eighty-four seeds 

were obtained from line A and 184 seeds were obtained from line B. The percentage of 

boll set after DNA tteatments were 21.7%o (25 bolls from 115 flowers) from line A 

treated with pRTL2-c/iJZ>, 26.3%) (15 bolls from 57 flowers) from line B. The average 

number of seeds per boll after DNA treatment was 15.4 for line A, and 12.3 for line B. 

bg2 Treatinent. One hundred one bolls were harvested from line A plants treated 

with pRTL2-bg2. A total of 1,118 seeds were obtained. The average boll set for this 

group of plants was 43.7%o, which was significantly higher than the boll set percentage 
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Figure 3.2. Transgenic cotton screening test for resistance to Rhizoctonia solani. A: A 
fresh culture of i?. solani on a PDA plate. The small red circle and arrow shows that a 
disc (1 cm diameter) of fresh mycelia from the plate and was placed on the soil for 
testing. B: Containers set in a 14 x 7 multi-tray for the artificial inoculation. A small 
dot of freshly cultured mycelia of i?. solani was placed on the soil before sowing the 
cotton seed. C: Survivors from the screening test for resistance to R. solani in the 
growth chamber at 21°C for 21 days. Nine T2 seedlings from the bg2-A line were set on 
the multi-tray before washing and scoring their roots. D: One seedling was taken out 
from the container to be washed and scored. (All photos were taken from the 
greenhouse in Texas A&M University Agricultural Experimental Station, Lubbock. 
2000). 
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Figure 3.3. Screening and scoring for cotton resistance to Rhizoctonia solani. A. Only 
a few seedlings survived from the screening test at 19°C. B. Three resistant seedlings 
of ch5b-A T2. C. Ch5b-A Tj seedling (right, resistant) and its non-transformed conttol 
line A (left, susceptible). D. An enlarged hypocotyl from photo C, to show the 
hypocotyl lesion (left) and resistant plant (right). E. A resistant seedling, which shows 
that the root penetrated a disc of the inoculated mycelia ofR. solani. F. An enlarged 
image of E, to show the location of the disc penetrated by this root. G. Susceptible 
seeds, which were rotted from the infection of i?. solani. 
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Table 3.2. Bolls and seeds of cotton obtained from the flowers treated with pRTL2-ch5b 
in 1997 and pRTL2-bg2 in 1998 through the pollen tube pathway-mediated 
ttansformation in the cotton field at Texas A&M University System Research and 
Extension Center, Lubbock, TX. 

Gene Construct ^^^^ipi^nt Flowers Bolls Bolls Seeds Seeds 
line treated matured set(%)* obtained per boll 

pKTL2-ch5b 

pRTL2-bg2 

Line A 

Line B 

Line A 

Total 

115 

57 

231 

403 

25 

15 

101 

141 

21.7" 

26.3" 

43.7" 

35.0 

384 

180 

1118 

1682 

15 

12 

11 

12 

The average boll set was 35.0 % among these three treatments. Boll set among three treatment was 
significantly different, standard deviation = 0.094, t > t o.os (i)2 = 2.920. Different letters within a 
column indicate a significant difference in incidence of boll set using the least significant different test 
(p = 0.05). 

(21.7%)-26.3%)) in the plants treated with ch5b (t > 10.05 (i) 2 = 2.920). The different boll 

set between tteatment of ch5b and bg2 is most likely due to the treatment handled by the 

operator was more proficient in 1998 than inl997. 

The overall average boll set from the three treatments was 33.8%, which was 

similar to the previous studies of treatments with uidA (Chapter II). The number of 

seeds/boll for the pRTL2-ch5b in line A was 15, in line B was 12 and for the pRTL2-bg2 

in line A was 11. The overall average number of seeds per boll from the three treatments 

was 12, slightly higher than 10 seeds per boll obtained from the uidA treated plants 

(Chapter II). 

Identification of Transgenic Plants by PCR 

Ti ch5b-line A. Twenty-six seedlings of the ch5b-A lines were found to have the 

expected 775-bp (Figure 3.4) ch5b coding sequence, and 19 seedlings of the same ch5b-
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A lines were found to have the expected 981-bp (Figure 3.5) fragment containing the 35S 

promoter and the ch5b coding sequence (Table 3.3). 

Ti ch5b-line B. Twenty-one seedlings of the ch5b-\ine B were found to have the 

expected 775-bp ch5b coding sequence, and 15 seedlings of the ch5b- line B were found 

to have the expected 981-bp including the 35S promoter and the ch5b coding sequence 

(Table 3.3). 

Ti bs2-line A. Twenty-nine seedlings of the bg2-A lines were found with the 

presence of the 766 bp fragment (Table 3.3), and 24 seedlings of the same ch5b-A lines 

were foimd with the presence of the 810 bp fragment (Table 3.3). 

Table 3.3. PCR analyses of the seedlings in the Ti populations generated from two 
breeding lines A and B via the PTP-mediated transformation carried out in 1997 and 
1998 at Texas A&M University System Research and Extension Center, Lubbock, TX. 

_ , , . _, Ti Seedlings Seedlings with ° .,, ^ Seedlings with ° •.., , , 0 
Recipient Ime Transgene ^^^^^^^ PCR 775 bp ^ ^ * , PCR 941 bp ^"^^ ,^^ 

or766bp ^^°^g^"^ or810bp P'""'""*^^ 

Line A 

LineB 

Line A 

Total 

Average 

ch5b 

ch5b 

bg2 

350 

179 

447 

976 

26 7.4" 19 

21 11.7" 15 

29 6.5" 24 

76 - 58 

7.8 

5.4" 

8.4'' 

5.4" 

5.9 

' The percentage of seedlings with the transgene among the three treatments was significantly different 
(standard deviation = 1.614, t > t o.os (i)2 = 2.920). Different letters within a column indicate a significant 
difference in incidence of PCR transgene positive using the least significant different test (p = 0.05). 

^ The percentage of seedlings with the 35S promoter and transgene among the three treatments was 
significantly different (standard deviation = 0.994, t > t o.os (i) 2 = 2.920). Different letters within a column 
indicate a significant difference in incidence of PCR 35S promoter positive using the least significant 
different test (p = 0.05). 
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H 35S Promoter H Chitinase Gene: ch5b H Terminator ¥ 

941 bp 

Figure 3.4. Schematic diagram of constmct pRTL2-ch5b and fragments 
amphfied by PCR with primers ch-l/ch-2 and 35S-l/ch-2. Red arrows indicate 
primers ch-1 and ch-2; green arrow indicates primer 35S-1. Red rectangle (A) 
represents an intemal fragment of chitinase gene ch5b; green rectangle (B) 
represents a fragment with partial 35S promoter and partial ch5b. 
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• i 35S Promoter U (3-1,3Glucanase Gene: bgl fJ^ Terminator p 

810 bp 

Figure 3.5. Schematic diagram of constmct pRTh2-bg2 and fragments 
amphfied by PCR with primers bg-3/bg-4 and 35S-l/bg-4. Red arrows indicate 
primers bg-3 and bg-4; green arrow indicates primer 35S-1. Blue rectangle (A) 
represents an intemal fragment of p-l,3-glucanase gene bg2; purple rectangle 
(B) represents a fragment with partial 35S promoter and partial bg2. 
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The transformation frequency of 7.4% for ch5b-line A, 11.7% for ch5b-line B and 

6.5%) for bg2- line A in T, generation was significantly different among the three groups 

(Table 3.3). Among the transgenic plants, some plants did not exhibit the 35S promoter 

sequence. The percentage of the Tj plants with the 35S promoter seedlings was 5.4% for 

the ch5b-line A, 8.4% for the ch5b-line B and 5.4% bg2-line A. Figures 3.6 and 3.7 

show two of the photographs of the PCR product resulted from amplifying of 774-bp 

fragment of ch5b gene with primers -ch-l' and 'ch-2' and amphfied 941-bp fragment 

with the primers '35S-1' and 'ch-2'. 

Overall, 76 of 976 (7.8%) T, seedlings tested were found to harbor the ch5b 775-

bp fragment or the bg2 766-bp fragment in the Ti population through the PTP-mediated 

method. When comparing the transformation frequency of PTP to that obtained in other 

ttansformation strategies, 1.8% was similar to the 1-10 Vo reported through 

Agrobacterium-mediated transformation (Umbeck et al, 1987; Firoozabady et al, 1987; 

Rashid et al , 1996) and 0.7-9% through particle bombardment in cotton (McCabe and 

Martinell, 1993; Finer and McMuUen, 1990; Keller et al, 1997). 

Inheritance of Transgene in T? Generation 

Southem hybridization results revealed that transgene ch5b had been integrated 

into the cotton genome of lines A and B. In Figure 3.8A, one of the hybridization results 

shows that genomic DNA from plants CH-B-89-1-7 (lane 6), CH-B-89-1-9 (lane 8), and 

CH-B-97-2-3 (lane 10) had clear hybridization signals with the ch5b probe. On this 

radiogram, a 0.9 kb DNA fragment was expected in the transgenic T2 plants. No 

hybridization was found in the genomic DNA of the two control lines. The results from 
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8 9 10 11 12 13 14 

23.0 
9.6 

^H 
^H z.u 

775 bp 

0.5 

Figure 3.6. Detecting presence of ttansgene ch5b by PCR. Genomic DNA extracted 
from the putative T, ch5b transgenic cotton plants was amplified with the ch5b primers 
ch-l/ch-2. Lanes 2-11 and 16-26 were amplified from different individuals. The 
expected 775 bp fragments (red arrow), were revealed present or absent in the PCR 
products on the 1.2% agarose gel after electtophoresis. Lane 12 was a genomic DNA 
from a control, non-transformed plant line A, which showed no ampUfication under 
same reaction. Lanes 13 and 27 were a plasmid pRTL2-ch5b as a positive conttol. 
Lanes 1, 14, 15 and 28 were X DNA digested with Hind III as molecular weight 
markers, which are indicated at right. 
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Figure 3.7. Detecting presence of 35S promoter and ttansgene ch5b. Genomic DNA 
extracted from the putative T, ch5b transgenic cotton plants was amplified with the 
35S promoter and ch5b primers 35S-l/ch-2. Lanes 2-11 and 16-27 were amphfied 
from different individuals. The expected 941 bp fragments, green arrow, were 
demonstrated presence or absence in the PCR products on 1.2%) agarose gel after 
electrophoresis. Lane 12 was a genomic DNA from a control, non-transformed plant 
line A, which showed no amplification. Lanes 13 was a plasmid pRTL2-ch5b as a 
positive conttol, and Lanes 1, 14, 15 and 28 were X DNA digested with Hind III as 
molecular weight markers, which are indicated at right. 
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Southem hybridization indicate stable integration of transgene ch5b into the genome of 

these cotton plants. 

Of 230 seedlings examined by slab blot, genomic DNA from 29 plants showed 

the hybridization signal with the 918 bp probe of the bg2. Slab blot hybridization resuUs 

confirmed integration of the transgene bg2 in cotton genome and indicated that the 

ttansgene bg2 was inherited by the T2 progeny. One of the slab blot hybridization results 

is shown in Figure 3.8B, two bg2 T2 plants BG-A-10-5-1 and BG-A-10-7-7 showed 

hybridization signal with the bg2 probe. 

Expression of Transgene 

Chitinase activity was detected from T2 ch5b seedlings (Figure 3.9A), indicating 

the transgene bean ch5b was expressed in the transgenic cotton. Chitinase activity was 

found in protein extracts from seven T2 ch5b seedlings. They were CH-A-7-5-20, CH-A-

12-1-1, CH-A-12-1-4, CH-B-14-1-12, CH-B-89-1-9, CH-B-91-1-3, and CH-B-97-2-3. p-

1,3-glucanase activity was detected from transgenic T2 bg2 line A seedlings (Figure 3.9B) 

indicating the transgene Arabidopsis bg2 was expressed in some of the transgenic cotton. 

Protein extracts from plants BG-A-10-4-5, BG-A-10-5-1, BG-A-10-7-6, BG-A-10-7-7 

and BG-A-10-7-9 showed P-1,3-glucanase activity. These results indicate that bean 

chitinase and Arabidposis p-l,3-glucanase were constitutively expressed in cotton plants. 
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(A) Kb 1 7 8 9 10 11 12 13 

Figure 3.8. Southem hybridization of the T2 ch5b and slab hybridization of the Tj 
bg2 transgenic cotton. (A): A Southem hybridization X-ray film: Ten pg genomic 
DNA from each transgenic plant was digested with EcoRl and subjected to 
electrophoresis on a 0.8%) agarose gel. A fragment 775 bp of the ch5b was labeled 
with P^2-dCTP and hybridized to the genomic DNA. Lane 1 was the X-DNA Hindill 
as the molecular weight markers. Lanes 2 & 11: blank. Lane 3 was pRTL2-ch5b as a 
positive control (P). Lanes 6, 8, &10: CH-B-89-1-7, CH-B-89-1-9, & CH-B-97-2-3, 
red arrows indicate the hybridized signal. Lanes 12 &13: lines A and B were non-
transgenic controls (A, B). (B): A 6 x 8 slab hybridization X-ray film: One pg 
genomic DNA from each T2 bg2 plant was denatured and transferred to nylon 
membrane. A fragment 918 bp of the bg2 was labeled with p32.(icxp anj hybridized 
to the genomic DNA. Two bg2-T2 plants, BG-10-5-1 and BG-10-7-7, showed 
hybridized signal (red arrow). On the right comer: pRTL2-bg2 was used as a positive 
control (P), and lines A and B were non-transgenic controls (A, B). 
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Figure 3.9. Detection of chitinase and P-l,3-glucanase from transgenic Tj plants. 
(A) Detection of chitinase on the native polyacrylamide gel. A 50 pg protein was 
loaded from each sample and glycol chitin was substrate embedded in the gel. 
Chitinase activity revealed by lytic chitin zone which degraded by chitinase in the 
plant extracts. Lane 1 & 2: non-transgenic lines A and B; lanes 3-10: Transgenic Tj 
ch5b cotton seedlings. (B) on the native polyacrylamide gel. A 50 pg protein was 
loaded for each lane. P-1,3-glucan hydrolysis of P-1,3-glucanase detected by using 
triphenyltetrazolium saU (Pan, et al, 1989). Lane 1: non-ttansgenic line A. lane 2: 
barley P-l,3-glucanase as a positive control (C), lanes 3-10: Transgenic T2 bg2 
cotton seedlings. 
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Transgenic Cotton Expressing Resistance to 
Rhizoctonia solani 

T2 -ch5b Lines. From each of the T2 lines, 25 seeds were tested, if available. A 

total of 599 seeds in T2 ch5b line A and 525 seeds in T2 ch5b line B were tested. Nine 

seedlings from T2 ch5b line A and 20 seedlings from T2 ch5b line B had no hypocotyl 

lesion nor root rot after greenhouse testing. These seedlings were maintained for further 

testing (Table 3.4). Since the purpose of testing was to select the most strongly resistant 

seedlings in order to focus on a few good candidates, the testing temperature was set at 

19°C instead of 21°C. Under this temperature, almost all plants were infected by the 

fungus and died (Figure 3.2. A). One seedling survived from a number of different lines 

(Table 3.4). From this test, we found that the temperature of 19°C was a critical point for 

seedlings to express resistance to R. solani. The seedlings that survived with no root rot 

nor hypocotyl lesions could be due to either the plant's resistance, or this plant possibly 

escaped from the attack of i?. solani. There was no significant difference in the number 

of surviving plants between any of these tested lines (Table 3.4). 

T^ ch5b-Unes. Four T3 ch5b-lines A, 'CH-A-7-2-2', 'CH-A-7-5-20', 'CH-A-12-

1-1', and 'CH-A-12-1-19', out of six tested T3 ch5b-lines were found with a higher 

number of surviving plants (P > 0.05), as compared to their non-transgenic plants of line A 

in the follow-up T3 test, t > 10.05(2)6 = 2.447 (Table 3.5). 

Twelve T3 ch5b-lines B and their non-transgenic control line B were tested with 

artificial inoculation ofR. solani. Although there were five T3 ch5b-lines B 'CH-B-14-1-

12', 'CH-B-89-l-4a', 'CH-B-89-l-4b', 'CH-B-91-1-3', and 'CH-B-97-2-3' with higher 

number of individuals surviving than the non-transgenic control line B. There was not a 
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Table 3.4. Transgenic T2 ch5b seedlings screened for resistance to root rot disease caused 
by Rhizoctonia solani tested at 19°C for 21 days in a growth chamber at Texas A&M 
University System Research and Extension Center, Lubbock, TX. 

Recipient line ID oftheT, Plant T2 Resistant seedling selected 

Line A 
Line A 

Line A 

Line A 

Line A 

Line A 

Line A 

Line A 

Line A 

(26 T2 lines tested) 

LineB 
LineB 

LineB 

LineB 

LineB 

LineB 

LineB 

LineB 

LineB 

LineB 

LineB 

LineB 

LineB 

LineB 

LineB 

LineB 

LineB 

LineB 

CH-A-7-2-2 1 

CH-A-7-5-20 1 

CH-A-12-1-1 1 

CH-A-12-1-4 1 

CH-A-12-1-19 

CH-A-62-1-3 1 

CH-A-108-1-7 1 

CH-A-108-1-13 1 

CH-A-108-1-16 1 

(599 seeds tested) (9 seedling 

CH-B-7-1-3 1 

CH-B-14-1-5 

CH-B-14-1-8 

CH-B-14-1-12 

CH-B-38-2-1 

CH-B-38-2-3 

CH-B-80-1-10 

CH-B-87-1-6 

CH-B-87-1-7 

CH-B-89-1-4 ; 

CH-B-89-1-7 

CH-B-89-1-8 

CH-B-89-1-9 

CH-B-89-1-15 

CH-B-89-1-16 

CH-B-89-1-17 

CH-B-91-1-3 

CH-B-97-2-3 

s survived) 

2 

(21 T2 lines tested) (525 seeds tested) (20 seedlings survived) 

* The number of seedlings survived from infection of i?. solani in this test was 1.5%) for 
ch5b-line A and 3.8%) for ch5b-line B. The percentages of seedling surviving were not 
significantly different (SE = 1.298, t < 10.05 (i) 1 = 6.314). 
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significant difference between the 12 c/?5Zj-lines B and their non-transgenic conttol line B 

(P > 0.3325, Table 3.6). Probably line B possesses partial resistance to the fungal 

pathogen R. solani, and therefore, the difference in resistance between transgenic ch5b 

lines was not significantly higher than its control. 

T2 -bs2 Lines. Seven hundred twenty-four seeds from the 25 Ti bg2-lines A were 

tested for resistance to R. solani. Detailed information on individuals that were resistant 

is listed in Table 3.7. Three hundred seventeen seedlings from 724 seeds tested from the 

25 T2 bg2-A lines were scored as resistant. The percentage of seedlings surviving after 

this test was 44.4%). 

Table 3.5. Transgenic line A T3 ch5b seedlings in a follow-up test for resistance to 
Rhizoctonia solani at 21°C for 21 days in a growth chamber at Texas A&M University 
System Research and Extension Center, Lubbock, TX. 

T3 lines tested 
Total seedlings No. of Resistant No. of Susceptible % Seedlings 

tested Seedlings Seedlings Resistant* 

CH-A-7-2-2 

CH-A-7-5-20 

CH-A-12-1-1 

CH-A-12-1-14 

CH-A-12-1-19 

CH-A-108-1-13 

Line A (control) 

25 

25 

25 

25 

25 

25 

25 

13 

16 

11 

6 

11 

8 

4 

12 

9 

14 

19 

14 

17 

21 

52" 

64" 

44" 

24" 

44" 

32" 

16" 

* The percentage of the seedlings resistant to Rhizoctonia solani among the transgenic ch5b- line A tested 
was significantly different (F > F o.os (2) 6. les = 2.485). Different letters indicate a significant difference in 
incidence of resistance test using the least significant different test (p = 0.05). Four lines CH-A-7-2-2, 
CH-A-7-5-20, CH-A-12-1-1, and CH-A-12-1-19 were significantly higher in resistance than their non-
transgenic controls. 
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Table 3.6. Transgenic line B T3 ch5b seedlings in a follow-up test for resistance to 
Rhizoctonia solani at 21°C for 21 days in a growth chamber at Texas A&M University 
System Research and Extension Center, Lubbock, TX. 

T3 Imes tested 

CH-B-14-1-12 

CH-B-38-2-3 

CH-B-87-1-6 

CH-B-87-1-7 

CH-B-89-l-4a 

CH-B-89-l-4b 

CH-B-89-1-7 

CH-B-89-1-8 

CH-B-89-1-9 

CH-B-89-1-16 

CH-B-91-1-3 

CH-B-97-2-3 

Line B (control) 

Total seedlings 
tested 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

No. of Resistant 
Seedlings 

17 

13 

11 

15 

14 

16 

13 

14 

10 

11 

17 

17 

11 

No. of Susceptible 
Seedlings 

8 

12 

14 

10 

11 

9 

12 

11 

15 

14 

8 

8 

14 

% Seedlings 
Resistant* 

68 

52 

44 

60 

56 

64 

52 

56 

40 

44 

68 

68 

44 

The percentage of resistant seedlings was not significantly different between these 12 tested transgenic 
chSb-line B and their non-transgenic control line B (F < F o.os (2) 12,312=1.99, p = 0.42). 

Plants of BG-A-10-3-4, BG-A-10-4-1, BG-A-10-4-5, BG-A-10-5-1, BG-A-10-7-

6, BG-A-10-7-7, BG-A-10-7-8, BG-A-10-7-9, BG-A-16-4-4, and BG-A-24-2-6 from T2 

bg2Aines A showed significantly higher resistance than the non-transgenic conttol line-

A. Their apparent resistance to R. solani was higher when compared to recipient plants 

in line-A, in which only 9%o of the individual plants showed no infection lesions (Table 

3.8). Seedlings of bg2 that which survived in the growth chamber after testing are shown 

in Figure 3.2C and D. 
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Table 3.7. Transgenic line A T2 bg2 seedlings screened for resistance to cotton seedling 
disease caused by Rhizoctonia solani tested at 2 r C for 21 days in a growth chamber at 
Texas A&M University System Research and Extension Center, Lubbock, TX. 

ID of the 
Transgenic seedling 

BG-A-10-3-4 

BG-A-10-4-1 

BG-A-10-4-5 

BG-A-10-5-1 

BG-A-10-5-3 

BG-A-10-5-9 

BG-A-10-7-1 

BG-A-10-7-2 

BG-A-10-7-6 

BG-A-10-7-7 

BG-A-10-7-8 

BG-A-10-7-9 

BG-A-16-4-4 

BG-A-16-7-3 

BG-A-17-1-8 

BG-A-24-1-12 

BG-A-24-2-1 

BG-A-24-2-3 

BG-A-24-2-5 

BG-A-24-2-6 

BG-A-27-1-6 

BG-A-27-1-7 

BG-A-18-2-4 

BG-A-65-5-5 

BG-A-11-7-4 

Line A (Control) 

Total seedlings 
tested 

25 

25 

25 

25 

34 

34 

34 

34 

25 

25 

25 

25 

25 

34 

34 

25 

25 

25 

25 

34 

34 

25 

34 

34 

34 

34 

724 seeds 
tested 

No. of Resistant 
Seedlings 

15 

14 

18 

17 

15 

11 

16 

9 

17 

17 

15 

14 

14 

10 

19 

8 

9 

4 

3 

22 

13 

2 

12 

14 

9 

3 

317 seedlings 
survived 

No. of Susceptible 
Seedlings 

10 

11 

7 

8 

19 

23 

18 

25 

8 

8 

10 

11 

11 

24 

15 

17 

16 

21 

22 

12 

21 

23 

22 

20 

25 

31 

407 seedlings 
died 

% Seedlings 
Resistant* 

60.0" 

56.0" 

72.0" 

68.0" 

44.1" 

32.4" 

47.1" 

26.5"^ 

68.0" 

68.0" 

60.0=' 

56.0" 

56.0" 

29.4"= 

55.9" 

32.0"^ 

36.0"^ 

16.0 " 

12.0" 

64.7" 

38.2'= 

8.0" 

35.3*= 

41.2" 

26.5'= 

8.8" 

The percentage of resistant plants of T2 bg2-line A the test was significantly different 
(F > F 0.05 (2) 6,00 = 2.41). Different letters within a column indicate a significant 
difference in incidence of resistance test using the least significant different test (p = 
0.05). 

89 



The results from the greenhouse screening test indicated that both ch5b and bg2 

had improved the resistance to R. solani in the breeding line A. The transgenes were 

integrated and stably inherited by the progeny. The transgene ch5b in line B did not 

improve resistance to R. solani. This may be due to (1) line B itself has a partial 

resistance to R. solani compared to line A, (2) there are some unknown inhibitors 

preventing die degradation of chitin and (3) the ch5b gene in the plant of line B was 

suppressed by an endogenous chitinase gene in cotton (Dougherty and Parks 1995). 

Transgenic bg2 cotton plants in line A had a variable response to R. solani in the 

T2 generation (Table 3.7). Compared to the control line A, 25 lines can be described as 

three classes: 11 T2 bg2 lines demonstrated the most resistant (55.9-68.0%o), 4 were 

Table 3.8. Summary of transgenic T2 and T3 plants expressing resistance or partial 
resistance to seedling root rot disease caused by Rhizoctonia solani. Tests were carried 
out in a growth chamber in Texas A&M University System Research and Extension 
Center, Lubbock, TX, in 1999-2000. 

Second Generation (TT) Third Generation (T^) 

Recipient Transgene T2 seeds T2 seedlings %T2 seedlings T3 seeds T3 seedlings % T3 seedlings 

line tested resistant resistant tested resistant resistant 

Line A chSb 599 9 1.5 150 85 56.7 

LineB chSb 525 20 3.8 300 132 44.0 

Line A bg2 724 317 43.8 n/d* 

Total 1848 346 18.7 450 217 48.2 

Testing tenqierature used for T2 ch5b transgenic plants was 19°C, and for all others was 2 r C in a growth 
chamber; 
* n/d: not determined. 
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moderately resistant (32.4-47.1%), and 9 susceptible (12.0-36.0%). The phenomena of 

variable responses to the fungal pathogen R. solani in transgenic bg2 lines A has also 

been found in ttansgenic peanut with tobacco chitinase gene chl (Rohini and Sankara 

Rao, 2001). Of 60 transgenic peanut plants, 34 plants were resistant, 18 plants were 

moderately resistant and four were susceptible to the fiingal pathogen C. arachidicola 

tested by spreading spores twice on peanut leaves. If the genetic background of the 

recipient plant is the same in all these bg2 Tz lines, why is there a variable response to the 

pathogen? The variable responses of transgenic cotton to R. solani probably were caused 

by insertion of the transgene bg2 at different locations of the genome. Because each bg2 

T2 line was developed from an independent transformation event, a single seed, the 

inserted location of the transgene was quite possibly different. In addition, the distance 

between each insertion and certain regulators or enhancers in the genome could be 

different; therefore the position effects of expression of bg2 could be different. Another 

possibility could be the copy number of the transgene (Scheid et al, 1991) in the cotton 

genome which may cause the different responses in those bg2 T2 lines. Quantitative 

analysis of P-l,3-glucanase and the temporal and spatial expression of p-l,3-glucanase 

could help to reveal the mechanism of transgene expression. 

Conclusions 

The ch5b chitinase and bg2 P-glucanase genes were successfully inttoduced into 

upland cotton plants through the PTP-mediated method. The major benefit of PTP 

transformation over other methods (Agrobacterium-mediated and particle bombardment 

transformation) is that fertile seeds are obtained directly from treated flowers instead 
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intermediate steps of regeneration. Transgenic cotton plants constittitively expressed the 

bean chitinase and Arabidopsis p-l,3-glucanase genes. The responses of transgenic ch5b 

plants to R. solani were variable. Transgenic T2 bg2-lines showed significant increased 

resistance to R. solani. Transgenic T3 ch5b lines 'CH-A-7-2-2', 'CH-A-7-5-20', 'CH-A-

12-1-1', and 'CH-A-12-1-19' from showed resistance to R. solani and 11 T2 bg2-lines 

showed partial resistance to R. solani. Whether these transgenic cotton plants can show 

the same resistance in the cotton field needs to be further investigated. 
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Table A. 1. ANOVA test for the boll set after pRTL2-GUS DNA treatment, 

Genotype 

CA3084 

Stovepipe 

Paymaster HS 26 

Summary 

Treated Flowers 

10 

14 

26 

50 

Data 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

Matured Bolls 

4 

2 

9 

15 

CA3084 

0 
0 
0 
0 
0 
0 
1 
1 
1 
1 

Bolls / Flowers 

0.40 

0.14 

0.35 

0.30 

Stovepipe 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 

Flower/boll 

2.5 

7.0 

2.9 

3.3 

Seeds 

Obtained 
40 

34 

82 

156 

Paymaster HS 26 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Seeds / Boll 

10.0 

17.0 

9.1 

10.4 

ANOVA Test for The Boll Set Rate 

Source of 
variation 
Genotype 

Error 
Total 

Degree of 
freedom 

2 
47 
49 

Sum of squares 

0.501 
9.999 
10.500 

Mean squares 

0.2505 
0.2127 

F 

1.178 

P* 

0.317 

* The probability of this result, assuming the null hypothesis, is 0.317. 
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Table A.2. Student t -test for the number of seeds per boll after pRTL2-GUS DNA treatment. 

Flower-Boll ID # 

CA-3-A 
CA-3-C 
CA-20-A 
CA-22-A 

St-6-A 
St-21-A 

HS-2-B 
HS-2-C 
HS-3-A 
HS-7-C 
HS-14-B 
HS-16-A 
HS-21-D 
HS-24-B 
HS-24-C 

Seeds 

14 
9 
8 
9 

15 
19 

1 
12 
30 
10 
7 

14 
6 
1 
1 

Sum 

40 

34 

82 

Student ;-Test for Genotype CA3084 and Paymaster HS 26 

Genotype 

CA3084 

Paymaster HS26 

Number of Data 

4 

9 

Mean 

6.75 

3.67 

Standard 
Deviation 

2.22 

3.12 

t value 

1.77 

Standard t value 

t o.os (2) 

(df 

,1=2.201 

= 11) 

The probability of this result, assuming the null hypothesis, is 0.10. 
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Table A.3. Student ^-test for the number of seeds per boll after pRTL2-GUS DNA 
tteatment compared to the untreated control. 

DNA Treatment with pRTL2-GUS 

Flower-Boll ID # Boll harvested Seeds set 

CA-3-A 
CA-3-C 
CA-20-A 
CA-22-A 

St-6-A 
St-21-A 

HS-2-B 
HS-2-C 
HS-3-A 
HS-7-C 
HS-14-B 
HS-16-A 
HS-21-D 
HS-24-B 
HS-24-C ] 

I 14 
I 9 
I 8 
i 9 

1 15 
I 19 

I 1 
12 

I 30 
1 10 

7 
14 
6 

I 1 
1 

Non Transformed (Control) 

Genotype Boll harvested Seeds set 

CA3084 

Stovepipe 

Paymaster 
HS26 

I 24 
I 28 
1 28 

1 23 
I 21 
1 20 

1 30 
25 
28 
33 

156 260 

Student / -test for the number of seeds per boll between DNA tteated and non tteated plants 

Genotype Number of Data Mean •a (3 
B t 

t value Standard t value 

CA3084 

Paymaster HS26 

15 

10 

10.4 

26 

7.62 

4.11 

-5.9 t 0.05 (2) 23 ~ 2.069 

(df= 23) 

The probability of this result, assuming the null hypothesis, is 0.0001. 
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Table A.4. Student t -test for the number of seedlings established after pRTL2-GUS 
DNA treatment compared to the untreated control. 

DNA Treatment with pRTL2-GUS 

Boll ID # 

CA-3-A 
CA-3-C 
CA-20-A 
CA-22-A 

St-6-A 
St-21-A 

HS-2-B 
HS-2-C 
HS-3-A 
HS-7-C 
HS-14-B 
HS-16-A 
HS-21-D 
HS-24-B 
HS-24-C 

Seeds Sowed 

10 
6 
5 
6 

9 
11 

1 
-

4 
8 
6 
8 
5 
1 
1 

27 

20 

34 

Seedlings 

Established 
10 
6 
2 
3 

3 
9 

1 

4 
8 
3 
5 
5 
1 
1 

21 

12 

28 

% of Establishment of 

seedlings 
100.0% 
100.0% 
40.0% 
50.0% 
77.8% 
33.3% 
81.8% 
60.0% 

100.0% 

100.0% 
100.0% 
50.0% 
62.5% 

100.0% 
100.0% 
100.0% 

82.4% 

Total 81 61 75.3% 

Student f-test for the % of seedlings established between CA3084 and Paymaster HS26 

Genotype Number of Data Mean ^ . . /value Standard t value 
Deviation 

CA3084 4 72.5% 32.0 -1.10 t o.os (2) io = 2.228 

Paymaster HS26 8 89.1% 20.5 (df = 10) 

The probability of this result, assuming the null hypothesis, is 0.30 
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Table A.5. Student t -test for the % of seedlings established after pRTL2-GUS DNA 
tteatment compared to the untreated control. 

DNA Treatment with pRTL2-GUS 

Genotype 

CA-3-A 
CA-3-C 
CA-20-A 
CA-22-A 
St-6-A 
St-21-A 
HS-2-B 
HS-2-C 
HS-3-A 
HS-7-C 
HS-14-B 
HS-16-A 
HS-21-D 
HS-24-B 
HS-24-C 

Seeds 
Sowed 

10 
6 
5 
6 
9 
11 
1 

4 
8 
6 
8 
5 
1 
1 

Seedlings 
Established 

10 
6 
2 
3 
3 
9 
1 

4 
8 
3 
5 
5 
1 
1 

Rate of 
Established 

100.0% 
100.0% 
40.0% 
50.0% 
33.3% 
81.8% 

100.0% 

100.0% 
100.0% 
50.0% 
62.5% 

100.0% 
100.0% 
100.0% 

Genotype 

CA3084 

Stovepipe 

Paymaster 
HS26 

Untreated Control 

Seeds Seedlings Rate of 
Sowed Established Established 

200 

200 

200 

164 82.0% 

156 

174 

78.0% 

82.0% 

81 61 75.3% 600 494 82.3% 

Student /-test for % of seedlings established after DNA treatment compared to the untreated control. 

Genotype Number of 
Data 

Mean 
Standard 
Deviation 

t value Standard t value 

CA3084 14 

Paymaster HS26 3 

79.8% 

87.0% 

26.4 

4.51 

0.16 o.os (2) 1 5=2.231 

(df=15) 

The probability of this result, assuming the null hypothesis, is 0.88 
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Table A.6. ANOVA test for the Tj seedlings tested by GUS assay. 

Treatment 

Genotype 

Seedlings 
Tested 

GUS + 

Data 

T, Plants of GUS treated 

CA3084 

21 

2 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 

Stovepipe 

12 

1 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I 

Paymaster 
HS26 

27 

4 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 

CA3084 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

164 

2 

1 0 

I 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Untreated control 

Stovepipe 

156 

4 

0 1 0 

0 1 0 
0 1 0 
0 1 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Paymaster HS26 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

174 

3 

1 0 

1 0 
1 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Table A.6. (Continued) 

Treatment 

Genotype 

Seedlings 
Tested 

GUS* 

MeanofGUS"^ 

T, Plants of GUS Transformed 

CA3084 

21 

2 

9.52% 

Stovepipe 

12 

1 

8.33% 

Paymaster 
HS26 

27 

4 

14.80% 

Non Transformed (Control) 

CA3084 

164 

2 

1.22% 

Stovepipe 

156 

4 

2.56% 

Paymaster 
HS26 

174 

3 

1.72% 

ANOVA test for the T, seedlings tested by GUS assay 

Source of Variation 

Between 

Error 

Total 

Degree of 
Freedom 

5 

548 

553 

Sum of 
Squares 

0.530 

14.95 

15.54 

Mean 
Squares 

0.117 

0.027 

F P* 

4.273 0.0008 

F 0.0S(2) 5, 500 = 2.59 

* The probability of this result, assuming the null hypothesis, is 0.0008. 
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Table A.7. Student ^-test for T, PCR^ seedlings amplified with primers uidA-l/uidA-2 
compared to die untreated control. 

Treatment 

Genotype 

Seedlings tested 

GUS" 

Data 

T, Plants of GUS transformed 

CA3084 

19 

2 

1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Stovepipe 

11 

4 

1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 

Paymaster 
HS26 

23 

4 

1 
1 
I 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Untreated control 

CA3084 

10 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Stovepipe 

8 

0 

0 
0 
0 
0 
0 
0 
0 
0 

Paymaster 
HS26 

12 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Student /-test for T, PCR+ seedlings anplified with primers uidA-l/uidA-2 compared to the untreated control. 

Treatment 
Nimiber of 

Data 
Mean 

Standard 
Deviation 

t value Standard t value 

T, Plants of GUS 
treated 

53 0.189 0.395 2.61 t o.os (2)81 ~ 1-989 

Untreated control 30 0.000 0.000 (df=81) 

* The probability of this result, assuming the null hypothesis, is 0.011 
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Table A.8. ANOVA test for three genotype T, PCR+ seedlings amplified with primers 
uidA-l/uidA-2 

Genotype 

Seedlings tested 
PCR" 
Data 

Genotype 

Seedlings Tested 

PCR" 

Mean of PCR" 

Standard Deviation 

CA3084 

19 
2 
1 
1 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

CA3084 

19 

2 

10.5% 

0.315 

ANOVA test for T, PCR" in 

Source of Degree of 
Variation Freedom 

Between 2 

Error 50 

Total 52 

Sum of 
Squares 

0.4739 

7.639 

8.113 

Stovepipe 

11 
4 
1 
1 
1 
! 
0 
0 
0 
0 
0 
0 
0 

Stovepipe 

11 

4 

36.4% 

0.505 

three genotype 

Mean 
Squares 

0.237 

0.1528 

Paymaster HS26 

23 
4 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Paymaster HS26 

seedlings 

p 

1.551 

23 

4 

17.4% 

0.388 

plll 

0.22 

F 0.05(2)2. so ~ 3.97 

* The probability of this result, assuming the null hypothesis, is 0.22. 
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(A) Sequence result-1: #314-4 Ml3 Universal primer: 
gtaaaacgac ggggcagtga attgtaatacg actcactata gggcgaattg ggccctctag 
atgcatgctc gagcggccgc cagtgtgatg gatatctgca gaattcggct t 
5 '-PCR primer uidA-1 (forward) 
421^ 443 

AAAGCCGGGC AATTOrTGTG CCAGGCAGTT TTAACGATCA 460 
GTTCGCCGAT GCAGATATTC GTAATTATGC GGGCAACGTC 500 
TGGTATCAGC GCGAAGTCTT TATACCGAAA GGTTGGGCAG 540 
GCCAGCGTAT CGTGCTGCGT TTCGATGCGG TCACTCATTA 580 
CGGCAAAGTG TGGGTCAATA ATCAGGAAGT GATGGAGCAT 620 
CAGGGCGGCT ATACGCCATT TGAAGCCGAT GTCACGCCGT 660 
^ ^ ™ T O C gOGAAAAGT GTACGTATCA ^ • ^ • f l 700 
• ^ ^ ^ ^ H fcGAACTGGfl AGACTATCCC GCCGGGAATG 740 
(B) Sequence result-2: #314-2 Ml3 Reverse primer: 
(aacagctatg accatg^atta cgccaagctt ggtaccgagc tcggatccac tagtaacggc 
cgccagtgtg ctggaattcg gcttc 
PCR primer uidA-2 (reverse) 
1006-> 665 
ACTTGCAAAG TCCCGCTAGT GCCTTGTCCA GTTGCAACCA 965 
CCTGTTTATC CGCATCACGC AGTTCAACGC TGACATCACC 925 
ATTGGCCACC ACCTGCCAGT CAACAGACGC GTGGTTACAG 875 
CATGCGTCAC CACGGTGATA TCGTCCACCC AGGTGTTCGG 835 
CGTGGTGTAG AGCATTCAGC TGCGATGGAT CCCGGCATAG 795 
TTAAAGAAAT CATGGAAGTA AGACTGCTTT TTCTTGCCGT 755 
TTTCGTCGGT AATCACCATT CCCGGCGGGA TAGTCTiWi 725 

rOAT ACGTA_C|^S 675 
IGCAA TAACAT-5' 661 

Figure A.3. Sequencing analyses of the cloned transgene fragment of GUS. Printouts of 
the forward and reverse sequencing resuUs from ABI PRISM respectively. Information of 
resulted nucleotide sequence from the cloned transgene fragment. Show the two sets of 
PCR primers, one set designed from the vector (underline -lowercase letter) and another 
designed from the uidA gene (Genbank access # A00196, uppercase letter and double 
underlines). A 586 bp PCR product was cloned into pCR^' vector. Two colonies were 
identified by £'coif/restriction enzymatic analysis, and then were sequenced. The 
nucleotides underlined, 421^ 443 nt, showed the forward primer, and 1007^ 983 nt, 
showed the reverse primer. The bolded nucleotides 421-^ 740 nt, covered 320 bp of the 
uidA gene, which was 100% matched to the sequencing data Al*314-4, which was 
produced by the reverse primer M13 (5'-AAC AGC TAT GAC CAT G-3'). The bolded 
nucleotide sequence 1006 -^ 665, covered 342 base, was 100 % matched to the 
sequencing data A3*314-4, which was produced by the M13 Forward (universal) primer 
(5'-GTA AAA CGA CGG CCA GTG A-3'). Sequencing data were obtained from ABI 
PRISM Model 310, Genetic Analyzer with standard ABI sequencing program. 
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Table B. 1. Bolls and seeds obtained from ch5b treatment carried out in die cotton field in 
1997 

BoU 

Cotton Line A (95-T20#-1517) Cotton Line B (95-T20#-l 14) 

Recipient plant Boll 
ID in the field Harvested Seeds set BoU 

Recipient plant 
ID in the field 

Boll 
Harvested 

Seeds set 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

109-6 

109-7 

109-8 

109-9 

109-10 

109-12 

109-26 

109-27 

109-29 

109-31 

109-35 

109-53 

109-54 

109-56 

109-58 

109-62 

109-107 

109-108 

CH-A-6-1 

CH-A-6-5 

CH-A-7-2 

CH-A-7-5 

CH-A-8-2 

CH-A-9-6 

CH-A-9-7 

CH-A-10-5 

CH-A-12-1 

CH-A-26-5 

CH-A-27-2 

CH-A-27-4 

CH-A-29-2 

CH-A-29-3 

CH-A-29-4 

CH-A-31-3 

CH-A-35-4 

CH-A-53-1 

CH-A-54-1 

CH-A-56-2 

CH-A-58-1 

CH-A-62-1 

CH-A-107-2 

CH-A-108-1 

CH-A-108-2 

9 

12 

20 

25 

17 

7 

24 

19 

21 

15 

15 

12 

14 

15 

9 

7 

10 

20 

17 

22 

25 

13 

12 

18 

6 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

117-7 

117-11 

117-13 

117-14 

117-38 

117-75 

117-79 

117-80 

117-86 

117-87 

117-89 

117-91 

117-97 

CH-B-7-1 

CH-B-11-1 

CH-B-13-1 

CH-B-14-1 

CH-B-38-2 

CH-B-75-1 

CH-B-75-4 

CH-B-79-2 

CH-B-80-1 

CH-B-80-2 

CH-B-86-1 

CH-B-87-1 

CH-B-89-1 

CH-B-91-1 

CH-B-97-2 

6 

15 

18 

19 

10 

16 

7 

12 

7 

14 

15 

7 

19 

10 

5 

384 
180 
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Table B.2. Bolls and seeds obtained from bg2 freatment carried out in the cotton field in 
1998 

Plant ID 

A02 

A03 

A04 

A04 

A04 

A05 

A05 

A05 

A05 

A05 

A06 

A06 

A07 

A07 

A08 

A09 

AOlO 

AOlO 

AOlO 

AOlO 

A013 

A013 

A014 

A014 

A014 

A016 

A016 

A016 

A016 

A016 

A016 

A017 

A017 

A018 

Average 

Boll# 

1 

1 

1 

2 

3 

1 
T 

3 

4 

5 

1 

2 

1 

2 

1 

1 

1 

3 

5 

7 
2 

3 

2 

3 

5 

1 
2 

4 

5 

7 

8 

1 

3 

1 

seeds/boll; 

Number 
of seed 

17 

7 

8 

16 

13 

10 

12 

3 

4 

8 

17 

6 

14 

12 

16 

11 

16 

14 

15 

19 

14 

6 

12 

13 

8 

15 

8 

6 

14 

15 

9 

16 

12 

14 

11 

Plant ID 

A018 

A019 

A020 

A020 

A021 

A023 

A024 

A024 

Al-1 

Al-3 

Al-5 

Al-6 

Al-6 

Al-7 

Al-U 

Al-11 

Al-12 

Al-14 

Al-15 

Al-15 

Al-17 

Al-19 

Al-20 

Al-27 

Al-28 

Al-28 

Al-29 

Al-31 

A2-2 

A2-2 

A2-3 

A2-5 

A2-9 

Boll# 

2 

2 

2 

3 

1 

3 

1 

2 

2 

1 

1 

1 

3 

2 

4 

7 

2 

Number 
of seed 

21 

11 

13 

9 

11 

11 

14 

15 

14 

8 

8 

3 

9 

11 

6 

12 

7 

12 

12 

8 

15 

7 

11 

19 

14 

12 

9 

12 

16 

12 

15 

13 

8 

Plant ID 

A2-11 

A2-14 

A2-17 

A2-18 

A2-19 

A2-19 

A2-20 

A2-21 

A2-23 

A2-26 

A2-26 

A2-29 

A-3-1 

A-3-1 

A-3-2 

A-3-5 

A-3-5 

A-3-5 

A-3-5 

A-3-8 

A-3-9 

A-3-10 

A-3-10 

A-3-10 

A-3-11 

A-3-11 

A-3-11 

A-3-11 

A-3-12 

A-3-13 

A-3-14 

A-3-15 

A-3-18 

A-3-23 

Boll# 

2 

4 

5 

7 

2 

1 

1 

2 

3 

2 

3 

4 

7 
T 

1 

1 

1 

1 

2 

Total; 

Number 
of seed 

9 

11 

10 

13 

11 

8 

10 

12 

15 

8 

10 

9 

8 

5 

14 

14 

12 

10 

12 

9 

11 

7 

11 

9 

13 

11 

9 

3 

11 

11 

5 

13 

9 

7 

1118 
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Table B.3. Tj seedlings present transgene detected by PCR 

ch5b -A lines 

Ti Plant # 

CH-A-7-2-2 

CH-A-7-5-20 

CH-A-7-2-6 

CH-A-7-2-8 

CH-A-7-2-14 

CH-A-7-2-15 

CH-A-7-5-3 

CH-A-7-5-4 

CH-A-7-5-5 

CH-A-7-5-20 

CH-A-8-2-3 

CH-A-8-2-5 

CH-A-12-1-1 

CH-A-12-1^ 

CH-A-12-1-7 

CH-A-12-1-16 

CH-A-12-1-19 

CH-A-62-1-3 

CH-A-108-1-3 

CH-A-108-1-5 

CH-A-108-1-7 

CH-A-108-1-8 

CH-A-108-1-10 

CH-A-108-1-11 

CH-A-108-1-13 

CH-A-108-1-16 

• 

PCR"̂  

775 bp 

26 

35S-
.̂̂  + 

PCR 

941 bp 

1 

1 

1 

1 

0 

0 

1 

1 

0 

1 

0 

1 

1 

1 

1 

1 

1 

0 

1 
1 

0 

1 

1 

1 

1 

0 

19 

ch5b -B lines 

Ti Plant # 

CH-B-7-1-3 

CH-B-14-1-5 

CH-B-14-1-8 

CH-B-14-1-12 

CH-B-38-2-1 

CH-B-38-2-3 

CH-B-79-2-7 

CH-B-79-2-9 

CH-B-80-1-10 

CH-B-87-1-6 

CH-B-87-1-7 

CH-B-89-1-4 

CH-B-89-1-7 

CH-B-89-1-8 

CH-B-89-1-9 

CH-B-89-1-15 

CH-B-89-1-16 

CH-B-89-1-17 

CH-B-91-1-3 
CH-B-97-2-3 

PCR"̂  

775 bp 

21 

35S-

PCR 

941 bp 

1 

1 

1 

1 

1 

1 

0 

0 

1 

1 

0 

2 

1 

0 

1 

0 

0 

1 

1 

1 

15 

bg2 -A lines 

Ti Plants 

BG-A-10-3-4 

BG-A-10-4-1 

BG-A-10-4-5 

BG-A-10-5-1 

BG-A-10-5-2 

BG-A-10-5-3 

BG-A-10-5-9 

BG-A-10-6-1 

BG-A-10-6-2 

BG-A-10-6-3 

BG-A-10-7-6 

BG-A-10-7-7 

BG-A-10-7-8 

BG-A-10-7-9 

BG-A-16-4-3 

BG-A-16-4-4 

BG-A-16-27-3 

BG-A-17-1-8 

BG-A-24-1-12 

BG-A-24-2-1 

BG-A-24-2-5 

BG-A-24-2-6 

BG-A-24-2-7 

BG-A-27-1-5 

BG-A-27-1-6 

BG-A-27-1-7 

BG-A-65-5-3 

BG-A-65-5-5 

BG-A-11-7-4 

35S-
T, Field PCR" „^„+ 

766 bp 810 bp 

FA 16 1 1 

FA 20 1 1 

FA 24 1 1 

FA 26 1 1 

FA 27 1 1 

FA 28 1 1 

FA 34 1 1 

FA 41 1 0 

FA42 1 1 

FA 43 1 1 

FA 47 1 1 

FA 48 1 1 

FA 49 1 1 

FA 50 1 1 

FA 98 1 0 

FA 99 1 1 

FA 109 1 1 

FA 114 1 1 

FA 198 1 1 

FA 199 1 0 

FA 212 1 1 

FA 214 1 1 

FA 215 1 1 

FA 222 1 0 

FA 223 1 1 

FA 224 1 1 

FA 375 1 0 

FA 377 1 1 

FA 426 1 1 

29 24 

* Refer to Table 3.1 for die information of the primers used and the size of PCR products. 
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Table B.4. ANOVA for the ch5b -A cotton T3 seedlings screened in the follow-up test 
for disease resistance to Rhizoctonia solani 

Source of Variation Sum of Squares Mean Squares F p* 
Freedom 

Between Lines 6 4.114 0.6857 3.057 0.0073 

Error 168 37.680 0.2243 

Total 174 41.790 FoosgH.iss =2.485 

* The probability of this result, assuming the null hypothesis, is 0.0073. 
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Table B.5. ANOVA for the ch5b -B cotton T3 seedlings screened in the follow-up test for 

disease resistance to Rhizoctonia solani 

Decree of 
Source of Variation Sum of Squares ^ V , Mean Squares F p* 

Freedom 

Between Lines 

Error 

Total 

3.052 

77.36 

80.41 

12 

312 

324 

0.2544 

0.2479 

1.026 0.42 

F 0.05(2) 12,312= 1-99 

The probability of this result, assuming the null hypothesis, is 0.42. 
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Table B.6. ANOVA for the bg2-A cotton T2 seedlings screened for disease resistance to 
Rhizoctonia solani 

Source of Degree of „ ^„ . 0 
Variation Freedom Sum of Squares Mean Squares F p* 

Between Lines 25 26.53 1.061 4.904 0.0001 

Error 732 158.4 0.2164 

Total 757 184.9 

• The probability of this result, assuming the null hypothesis, is 0.0001. 
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