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ABSTRACT 

Brassinosteroids may represent a sixth class of endogenous plant hormones whose 

general effect is the stimulation of cell division and elongation in young vegetative 

tissues. These steroidal lactone compounds act synergistically with auxins in many cases 

and cooperatively with gibberellic acid (GA3). The requirements for auxins and GA3 in 

cotton fiber development are well known. Since brassins generally stimulate cell 

elongation, it may also play a role in cotton fiber development. 

Brassinolide (BR), which is the most biologically active of the Brassinosteroids, 

was used to examine the potential effect of the hormone on cotton fiber development in 

vitro. Cotton ovules were removed from fiowers post anthesis and floated on liquid 

media containing various sub-micromolar concentrations of BR. Differential growth 

rates due to BR treatment were observed. Elongation of fiber was stimulated at 10' M, 

which was statistically significant. High concentrations of BR (10"̂  M) stimulated ovule 

and callus growth and inhibited fiber development. Subsequently, the ribonucleic acid 

(RNA) population was isolated and used for northern hybridization with putative BR-

responsive and fiber-specific complementary deoxyribonucleic acid (cDNAs) to 

determine the hormone's effect on the expression of these transcripts. Northern analysis 

demonstrated the expression of putative BR responsive transcripts in cultured and plant 

fiber RNA. Brassinolide responsive transcripts illustrated increased expression upon 

exposure to exogenous BR. Two fiber-specific cDNAs illustrated a partial repression of 

complementary transcripts upon BR treatment. It is clear that BR plays a role in the 



stimulation of ovule cell growth, and possesses the ability to regulate gene expression. 

As a recently recognized endogenous growth regulator with the potential to affect cotton 

development, BR may be usable to improve commercial cotton production. 
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CHAPTER I 

INTRODUCTION 

Brassinosteroids have recently been isolated from rape pollen (Brassica napus) 

(Clouse, 1993). These steroidal lactone compounds possess many properties 

characteristic of endogenous growth regulators, and there is evidence that they represent a 

sixth class of plant hormones (Clouse, 1992). There have been more than sixty 

brassinosteroids identified fi-om various sources and thirty one have been fiilly 

characterized (Kim, 1991). Brassinosteroids have been found in approximately one-third 

of the plant species so far examined, including dicots, monocots, gymnosperms, algae, 

ferns (Yokota et al., 1991) and recently even in fimgi (Adam, 1991). Brassinosteroids 

have a range of physiological effects, but the best characterized is elongation of young 

vegetative tissues. Brassinosteroids have been shown to induce elongation in at least 

fifteen species, and it appears to be a general effect (Zurek, 1994). Elongation of maize 

mesocotyls, pea, Azuki bean, and Mung bean epicotyls, bean and cucumber hypocotyls 

and wheat coleoptiles is stimulated by submicromolar concentrations of brassinolide 

(BR). Brassinolide is the most biologically active of the brassinosteroids and has been 

shown to have pronounced effects on elongation that are similar to the effects of auxins 

(Clouse et al., 1992). 

Although the exact molecular mechanism of brassinosteroid-induced elongation 

remains unclear, the effects of BR on cell proliferation and elongation resemble those of 

auxins, but they also act independently of auxin influences (Clouse et al., 1993). 



Brassinosteroids may act synergistically with auxins on stem elongation and ethylene 

production, and BR has been demonstrated to increase the abundance of some in vitro-

translatable messenger Ribonucleic Acid (mRNA) and decrease the abimdance of others 

(Clouse et al., 1992). Gibberellic Acid and BR may arguably possess a synergistic 

relationship; their growth promotion is additive at low BR concentrations (Luis & 

Mandava, 1982). Brassinolide-responsive cDNA products have also shown a degree of 

homology with wall loosening or wall metabolizing enzymes (Zurek et al., 1994). It is 

believed that BR stimulates elongation through wall relaxation processes like auxins, but 

that the effect of BR does not proceed through the auxin transduction pathway (Zurek et 

al., 1994). Experiments have illustrated a 2-fold increase in the initial rate of cell wall 

relaxation among BR-treated seeds. However, relaxation occurred without an increase in 

osmotic pressure or greater mechanical weakening of the wall compared to control 

(Wang, 1993). Generally, BR appears to stimulate grov^h by accelerating biochemical 

processes that cause wall relaxation, without inducing large changes in wall mechanical 

properties (Wang et al., 1993). 

It has been suggested that BR acts by increasing tissue sensitivity to auxins or that 

the effects of BR are mediated through auxins. Two hypotheses have been presented by 

S.D. Clouse to explain the enhancement of auxin activities by BR. Fnst, BR may 

increase tissue sensitivity to auxin by increasing the activity or number of auxin receptors. 

Secondly, BR may increase auxin levels in tissue by increasing synthesis, transport, or 

deconjugation of auxin (Clouse et al., 1992). 



However, there is evidence to support a mode of action for BR that is separate 

fi'om auxin. Brassinolide causes a similar inhibitory effect on Arabidopsis root 

elongation as auxins, and when BR was applied to auxm insensitive mutants, root growth 

was still inhibited. In addition, root elongation in putative BR insensitive mutants were 

inhibited by auxin, fiirther substantiating a separate transduction pathway between these 

two growth factors (Clouse et al., 1993). The hypocotyls of an auxin-insensitive tomato 

line were stimulated to elongate by BR, with no immediate expression of a known auxin 

induced cDNA, but delayed expression of such a cDNA was seen after 18 hours (Zurek et 

al., 1994). Other research has demonstrated a substantial difference in lag time between 

induction and response to auxin or BR. Auxin-induced elongation proceeds after a lag 

time of 10-15 minutes, whereas BR stimulates elongation after 45 minutes, offering 

further evidence of independence (Clouse et al., 1992). A separate mode of transduction 

fi"om other phytohormones was ftorther demonstrated when a BR-responsive clone was 

not induced by auxin, cytokinins, GA3 or abscisic acid (ABA) (Zurek, 1994). 

If brassinosteroids play a role in cotton fiber development then they might be used 

to improve the length of commercial fiber. Cotton fiber differentiation and development 

is controlled by a number of biochemical, physiological, and morphological factors. 

Hormonal influences on fiber differentiation and development are well documented, and 

gibberellins and auxins have been shown to be important factors. Although the 

biosynthesis and metabolism of these hormones has been well characterized, the exact 

method of interaction is still not well knovm (Mauney et al., 1986). 



Ovule epidermal cells begin to differentiate into fiber on the morning of anthesis 

or shortly there after. Unfertilized ovules isolated preanthesis and cultured in vitro do not 

produce fibers unless supplied with GA3 and/or auxin, indicating a requirement for these 

factors for fiber initiation to occur (Mauney et al., 1986). Gibberellins and auxins are 

known also to stimulate fiber elongation and act synergistically on the fiber capacity for 

primary wall synthesis during early stages (Mauney et al., 1986). GA3 is thought to affect 

development by stimulating synthesis of mRNA and intervening in translation (Mauney 

et al., 1986). Auxin's function in cell elongation is thought to be related to the regulation 

of cell wall loosening and supply of wall materials in elongation (Mauney et al., 1986). 

Auxin also plays a role in secondary cell wall deposition and the stimulation of cellulose 

formation during this process (Mauney et al., 1986). 

The synergistic effects of BR on auxin-and GA3-related processes, especially cell 

elongation, suggest that BR may play a role in cotton fiber development. In this project, 

in vitro cultured cotton ovules were used as a model system to test the effect of BR on 

fiber development and the expression of transcripts homologous to putative BR-

responsive and fiber-specific cDNAs. Fertilized ovules were exposed to exogenous BR 

under culture conditions and then fibers were measured to detect differential fiber length 

and weight. Total RNA was then isolated fi-om the ovules to detect the differential 

expression of fiber-specific and BR-responsive transcripts through Northern blot 

hybridization. 



CHAPTER II 

METHODS AND MATERIALS 

The effect of BR on cotton fiber development in culture grov^ conditions was 

evaluated by exposing postanthesis ovules to various concentrations of exogenous BR 

under controlled conditions. Measurements of fiber length, fiber weight and ovule weight 

were taken 21 days postanthesis (DPA) and total RNA populations was isolated from 

ovule/fiber at various stages of development to determine if BR has an affect on 

ovule/fiber development and gene expression respectively. 

Cotton Ovule Culturing 

Cotton ovaries from the variety Coker-312 were harvested one day postanthesis. 

The ovaries were then surface sterilized by stripping off sepal and petals, stirring them in 

a 10% Clorox solution for twenty minutes and rinsing them in sterile ddH20. The ovaries 

were dissected under sterile conditions in a laminar flow hood so that ovules were 

removed undamaged, and the ovules were then immediately floated on sterile culture 

media. Seven ovules per culture were placed in 50 ml Erhlymeyer flasks containing 20 

ml of culture media and incubated at 34°C without agitation. The components used in the 

cotton ovule culture media are listed in Table 2.1 and were modified from Beasley & 

Ting (1973). A single cotton ovary was used for each experimental replicate, which 

consisted of a confrol and BR concenfrations ranging from 10'̂  Molar (M) to 10'̂  M. The 



various replicates were utilized for physiological measurements and total RNA isolations 

for Northern analysis. 

Table 2.1 

Cotton Ovule Culturing Media 

Component 
KH2PO4 
H3BO3 

NaMo04. 2H2O 
CaCl2. 2H2O 

KI 
CoCl. 6H2O 

MgS04. 7H2O 
MnS04 . H2O 
ZnS04. 7H2O 
CUSO4. 5H2O 

KNO3 
FeS04 . 7H2O 

Na2 EDTA 
Nicotinic acid 

Pyridoxine.HCL 
Thiamine.HCL 
Myo-Inositol 
D-Glucose 

NAA 
GA3 

me/1 
272.18 
6.183 
0.242 

441.06 
0.83 

0.024 
493 

16.902 
8.627 
0.025 
5055.5 
8.341 
11.167 
0.492 
0.822 
1.349 

180.16 
22,000 

mM 
2 

0.1 
0.001 

3 
0.005 
0.0001 

2 
0.1 
0.03 

0.0001 
50 

0.03 
0.03 

0.004 
0.004 
0.004 

1 
0.012211 

0.005 
0.0005 

Physiological Measurements 

The cultures were observed periodically during incubation and physiological 

measurements taken from multiple experiments at 21 DPA. Alternatively, replicates were 

prepared and used for periodic measurements during development, and from which 

growth curves were plotted. Fiber length measurements from each experiment set were 
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taken after relaxing the fibers by soaking the ovules in hot water. The fibers were then 

stretched across an inverted watch-glass under a stream of water and the average 

maximum length determined by eye with a ruler. Ovule and fiber wet weight and dry 

fiber weight measurements were taken by blotting the ovules on absorbent tissue, and, 

after obtaining wet weight measurements, the ovules were freeze dried and tiie fiber 

stripped and weighed. Averages per ovule were calculated for fiber length, ovule wet 

weight and dry fiber weight and presented graphically with the standard deviations 

presented as error bars. Statistical t-tests were also performed to detect significant ovule 

or fiber developmental differences between the control and various BR concentrations. 

Northern Blot Analysis 

Total RNA from cultured and greenhouse grown cotton ovules was extracted from 

tissues at various stages of development and used for Northern blots with ^^P-dCTP-

labeled probes from putative BR-responsive and fiber-specific cDNAs. Probes were 

made from two putative BR-responsive cDNAs (pKC03, pKC22,) and two putative fiber 

specific cDNAs (E6, ACP,) to test the ability of BR to modify the level of expression of 

franscripts homologous to these cDNAs during cotton fiber development. The putative 

BR-responsive and fiber-specific cDNAs were obtained from Drs. Maekawa of the 

Toyobo Research Institute and Song Ping of Texas Tech University, respectively. The 

specificity of the cDNAs was determined through personal communication with Drs. 

Maekawa and Song Ping. 



Isolation of Total RNA from Cotton 

The Guanidine Isothiocyanate RNA purification for plants containing 

polyphenolics was used as previously described (John, 1994). Approximately 2.5 g of 

ovules with developed fibers were blotted to remove excess media, then groimd with 

pestle and mortar in liquid nitrogen. The powder was homogenized for -15 seconds in 10 

ml of the homogenizing buffer listed in Table 2.2 using a high speed polytron. The 

homogenate was filtered through two layers of DEPC treated miracloth and -1.5 ml of 

the homogenate was overlaid on 1.5 ml of 5.7 M CsCl and centrifuged at 34,000 RPM for 

18 hours at 20°C. After centrifugation, the CsCl solution was withdrawn and the tube 

inverted and blotted. The pellet was then resuspended with 200 |j,l H2O with 5% phenol 

and the proteins removed with Phenol/Choloform/Isoamyl alcohol exfractions. The RNA 

was precipitated overnight at -20°C with one half volume of 7.5 M NH^OAC and 2.5 

volumes of absolute ethanol. The precipitate was then centrifuged, the pellet dried in a 

warm vacuum, dissolved in 70 ^1 of DEPC freated H2O, and the absorbence determined 

on a UV specfrophotometer (Shimadzee, model #UV160U) at 260 nm to determine total 

RNA concenfration. 



Table 2.2 

Cotton Homogenizing Buffer 

Component Concentration 

Guanidine Isothiocyanate 5.0 M 
Tris-acetate 0.2 M 
B-nnercaptoethanol* 0.7% (v:v) 
Polyvinyl Pyrrolidone* 1.0% (v :̂v) 
Sodiunn LauroyI Sarcosine 0.62% (w:v) 

* Add just prior to use 

RNA Denaturing Gel Electrophoresis 

Total RNA samples were separated using denaturing gel electrophoresis on a 1.2 

% agarose gel, containing 18 % formaldehyde, and MOPS buffer (pH 7). After the RNA 

was denatured and stained with ethidium bromide intercalating dye, 10 |ag of RNA was 

loaded into each lane of the gel and run at 80 volts for approximately 2 hours in IX 

MOPS buffer (pH 7). After electrophoresis, the gel was examined under long wave UV 

to determine the quality of the RNA and photographed for later reference. 

RNA Transfer to Nitrocellulose (Northem Blot) 

After electrophoresis the gel was soaked in 75 mM NaOH for 20 min, rinsed for 

15 min in DEPC water and soaked for 40 min in 20X SSPE. The RNA was then 

transferred from the gel to a nitrocellulose membrane overnight, using the wicking action 

of the SSPE as it was drawn through the gel and membrane to absorbent tissues that 

overiaid the nitrocellulose membrane. The nitrocellulose was then examined under long 



wave UV to confirm transfer of the RNA, rinsed briefly in lOX SSPE, and baked for -2 

hours at 80°C to bind the RNA permanently to the nitrocellulose (Sambrook et al., 1989). 

Isolation of cDNA Fragments 

The plasmids that contain putative BR-responsive and fiber specific cDNAs were 

isolated from the transformed bacterial colonies by first harvesting the bacteria by 

centrifugation and resuspending the pellet in 5 ml of 50 mM Tris/10 mM EDTA solution 

containing 100|j,g/ml RNAse A. The cells were lysed by adding 5 ml of cell lysis solution 

(0.2M NaOH, 1% SDS) and then neutralized with 5 ml of potassium acetate solution, 

followed by centrifugation at 14,000X G for 15 minutes. After filtering the solution 

through miracloth, isopropanol was added, followed by cenfrifiigation and resuspension 

of the pellet in TE (lOmM Tris-HCl, ImM EDTA). One milliliter of the wizard 

purification resin (Wizard DNA midi prep by Promega) was added and the mixture 

filtered through Whatman 3 MM paper. The filter paper was rinsed with EtOH and the 

DNA eluted witii warm TE. The cDNA inserts were excised from the plasmid by 

digesting for 2-3 hours with the restriction endonucleases, EcoRI and Hindlll. The 

excised fragment was separated from the vector DNA by electrophoresis on a 1% agarose 

gel in IX TAE containing EtBR. The fragment was cut from the gel while viewing on 

long wave UV and purified from the gel by using the "glassmilk" US Bioclean 

purification system (United States Biochemical Corporation). 
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^^P-CTP cDNA Probe Labeling 

Radioactive ^P labeling was performed using a random priming labeling kit 

(United States Biochemical Corporation). Ten micrograms of DNA was added to a tube 

containing dATP, dGTP, and dTTP in a 1:1:1 mixttire, random hexanucleotides in lOX 

reaction buffer, Klenow fragment of DNA polymerase I, and a[^¥]-dCTP. The mixture 

was incubated at 37° C for 90 min, then the reaction terminated by heating to 65° C. 

Probe DNA was then purified in a NACS colunm and stored at -20° C until used for 

Northern hybridization. 

Northem Blot Hybridization 

The nitrocellulose membrane blotted with the cotton RNAs was prehybridized in 

10% dextran sulfate, 0.1% SDS, 5X SET (SET plus 0.2% SDS) and 50% Formamide at 

42°C for 1 hour while sealed inside a seal-a-meal bag. The cDNA probes were boiled for 

10 minutes then added to the Northem prehybridization solution and incubated at 42° C 

overnight while agitating. The probe was then removed and the blot was rinsed twice in 

2X SET wash at 60° C for 30 min. The Northem blots were wrapped in Saran wrap after 

washing and placed on X-ray film (Hyperfilm, Amersham) to determine if hybridization 

with the labeled clone had occurred. Nifrocellulose and film were placed in a film 

cassette containing an intensifying screen and left at -80° C anyhwere from 12 hours to 

several days depending on the strength of radioactive emissions which was determined 

using a Geiger coimter. The film was then developed and compared with the agarose gel 
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photograph to determine which RNA sample contained transcripts that hybridized to the 

labeled cDNA probes. 
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CHAPTER III 

RESULTS 

Physical Measurements of Fiber and Ovule Grovyth 

Average maximum fiber length, ovule weight and dry fiber weight were 

determined for each experiment through direct measurement and used to analyze the 

relationship between BR treatment at various concentrations and fiber/ovule growth. 

Overall physical measurements showed statistically significant differences from the 

control group on some days of development in cultures exposed to exogenous BR at or 

above 10"' M. Initial observations allowed the elimination of the 10"̂  M BR treatment 

due to obvious deleterious effects, namely very little fiber or ovule development in these 

cultures (data not shown). The 10'̂  M BR treatment was also tested initially and 

eliminated from repeated measurements due to undetectable deviation in fiber or ovule 

development from the confrol (data not shown). Fiber length on 21 DPA was 

significantly greater (p=.026) in the 10'̂  M cultures (Figure 3.1). In another experiment, 

no differences between treatments and controls were observed on 20 DPA, but 10' M BR 

cultures showed greater length by 29 DPA (Figure 3.4). 
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Figure 3.1 illustrates the average fiber length at 21 DPA from eight different 

experiments. Each bar represents 48 measured ovules. Average fiber length for ovules 

cultured without exogenous BR was 1.89 cm. No difference in fiber length was seen at 

10"̂  M and 10"̂  M BR, but at 10"' M BR average fiber length was increased to 2.1 cm. 

This represents an 11% increase in fiber length due to exposure to exogenous BR. 

Control BR10-8 BR10-7 BR10-6 

Figure 3.1. Average Fiber Length. Values are means, standard deviation has been 
presented as error bars. The t-test values comparing the BR treatinents to the control 
illustrated statistically significant difference only in the 10"' M BR wdth p=0.026 
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Figure 3.2 illusfrates the average ovule and fiber wet weight from eight different 

experiments. Each bar represents 48 weighed ovules harvested on 21 DPA. Significant 

ovule growtii was stimulated by 10"̂  M BR treatment, however, and equivalently 

significant loss in fiber weight resulted (Figure 3.3). Although, 10"̂  M BR did not 

stimulate an increase in fiber length, the treated ovules were consistently larger and 

possessed callus growth that was not evident in the confrol culture. No statistically 

significant difference in weight was found due to treatment with 10"' M and 10"̂  M BR. 

The average ovule wet weight of ovules culttired without exogenous BR is 0.136 

gram/ovule, and in those exposed to 10"̂  M BR it was 0.17 gram/ovule. This represents a 

25% increase in ovule weight. 

Control BR10-8M BR10-7M BR10-6M 

Figure 3.2. Average Ovule Wet Weight. The values are means, standard deviation is 
presented as error bars. The t-test values comparing the BR freatments to control 
illustrated statistically significant increase at the 10"̂  M concentration with p=0.001. 

15 



Figure 3.3 illustrates the average dry fiber weights per ovule from eight different 

experiments. Each bar represents the average fiber weight from 48 culttired ovules 

harvested on 21 DPA. A decrease in fiber weight is evident in all cultures treated with 

exogenous BR. Average fiber weight from ovules not exposed to exogenous BR was 

0.009 grams/ovule and in those from treated with 10-6 M BR it was 0.007 gram/ovule. 

This represents a 17% decrease in fiber weight due to BR treatment, which is statistically 

significant. 

0.012 

Control BR10-8M BR10-7M BR10-6M 

Figure 3.3. Average Fiber Dry Weight. The values are means with standard deviation 
presented as error bars. The t-test comparing the control to BR treatment illustrates 
statistically significant decrease in dry weight at 10"̂  M concentration with p=0.02. The 
10"' M concentration possessed a p=0.068. 

16 



Figure 3.4 illusfrates the increase in fiber length of ovules treated with various 

concenfrations of exogenous BR during the growth period. The data points represent the 

average fiber length from six ovules. Statistically significant increase in fiber length was 

evident at 29 DPA in cultures freated with BR at 10"' M. Compare to Figure 3.1. 

—•— Control 

10-8 M BR 

10-7 M BR 

10-6MBR 

13 20 

Days Post Anthesis 

29 

Figure 3.4. Growth Curve: Average Fiber Length. 
The values are average maximum length per ovule and standard deviations are presented 
as error bars. The t-test comparing the BR treatments to the control found statistically 
significant increase only at 29 DPA in 10" M with p=0.018772. 

17 



Figure 3.5 illustrates the increase in fresh weight of cotton ovules and fiber treated 

with various concentrations of BR during the growth period. Each data point represents 

six ovules and the weights includes both ovule and fiber wet weight. The 10"̂  BR treated 

culttires gained more weight than the other culttires, which was statistically significant at 

29 DPA. Compare to Figure 3.2. 

• Control 

• 10-8 M BR 

• 10-7 M BR 

• 10-6 M BR 

13 20 

Days Post Anthesis 

29 

Figure 3.5. Growth Curve: Average Ovule and Fiber Wet Weight. The values are mean 
weights per ovule and standard deviations are presented as error bars. The t-test 
comparing the BR freatments to the confrol found statistically significant increase in the 
10"̂  M BR concenfration at 29 DPA with p=0.002949. 



Figure 3.6 illusfrates the increase in average dry fiber weight of cotton ovules 

treated witii exogenous BR. Each data point represents the stripped fiber from six ovules. 

The values are mean lengtii per ovule during the growth period. The 10"̂  M BR culttires 

possessed less dry fiber weight than the confrol which was statistically significant. 

Compare to Figure 3.3. 

0.007 

13 20 

Days Post Anthesis 

- Control 

• 10-8 M BR 

• 10-7 M BR 

• 10-6 M BR 

29 

Figure 3.6. Growth Curve: Average Fiber Dry Weight. The values are mean weight per 
ovule. The t-test illusfrated no statistical significance over the control due to BR 
treatment at day 29. 
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Analysis of Differential Gene Expression 

Northem blot hybridization analysis using two putative BR-responsive cDNAs 

(pKC03, pKC22) and two fiber specific cDNAs (ACP, E6,) was then performed. 

Autoradiograms of culttired ovule RNA are presented. RNA from cultured ovules at days 

21, 30 and 38 DPA did not hybridize with the putative BR-responsive cDNAs; however, 

hybridization of these probes to RNAs purified from the culttires on 7 and 15 DPA was 

successfril. These results seem to suggest that pKC03 and pKC22 specific mRNAs are 

expressed fairly early in ovule development. The BR-responsive cDNAs (pKC03, 

pKC22) showed increased expression of transcripts homologous to these cDNAs due to 

exposure to exogenous BR (Figure 3.7, Figure 3.8). 

The putatively fiber specific E6 cDNA hybridized with in planta ovule RNA on 7 

DPA and 15, however, no hybridization occurred in RNA from ovules harvested from 

cultures on 15 DPA, suggesting that expression of transcripts homologous to tiiis cDNA 

is arrested at later stages (Figure 3.9). Also RNA from 7 DPA ovules clearly illustrates a 

repression of the franscripts homologous to this cDNA upon exposure to exogenous BR 

(Figure 3.9). The ACP fiber-specific cDNA strongly hybridized to 15 DPA RNA from in 

planta ovules and only weakly to 7 DPA RNA, indicating that ACP-specific mRNA is 

expressed later during ovule or fiber development (Figure 3.10). The RNA from cultured 

ovules contained ACP-specific mRNAs at day 7 and day 15. However, as with the in 

planta ovule RNA, the 15 DPA RNA clearly showed stronger bands than at day 7, 

indicating that expression of ACP increases over the first 15 days of ovule development 
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(Figure 3.10). In addition, BR treatment appears to repress transcription of E6 and ACP 

specific RNAs as was evident in the Northem analysis. 

In summary, exposure to exogenous BR in cultured grow t̂h conditions stimulated 

increases in fiber length and ovule growth at some stages of development. In addition, 

BR can increase the expression of some genes (pKC03, pKC22) and decrease the 

expression of others (ACP, E6). These resuhs suggest that BR may be able to fimction as 

a hormone in modifying gene expression and in modifying growth more significantly than 

the general stimulation of elongation. 
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pKC03: BR-RESPONSIVE cDNA 

Plant- Culttired 
BR Confrol 

Figure 3.7. Northem Analysis pKC03. Autoradiogram from the Northem 
hybridization with the putative BR-responsive cDNA, pKC03. The RNAs are from day 7 
plant and cultured fibers. The results illustrate hybridization of the labeled cDNA to both 
plant and cultured RNAs, which supports the expression of these transcripts in situ and in 
cultured growth conditions. The cultured RNAs offer substantiation to the cDNAs as 
being BR-responsive transcripts. A significant increase in expression of transcripts 
homologous to the pKC03 cDNA upon exposure to exogenous BR was evident. 
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pKC22: BR-RESPONSIVE cDNA 

Plant ~ Culttired 
BR Control 

Figure 3.8. Northem Analysis: pKC22. Autoradiogram from the Northem 
hybridization with another putative BR-responsive clone; pKC22. The RNA was from 
day 7 post anthesis plant and culture grown ovules. Successful hybridization occurred 
with the day 7 plant RNA and cultured cotton fiber RNAs, substantiating expression of 
transcripts homologous to this cDNA in situ. The cultured RNAs clearly illustrates an 
increase in hybridization of the labeled cDNA with RNA from fiber grown in media 
containing BR adding evidence to the BR-responsiveness of the cDNA. 
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E6: FIBER-SPECIFIC cDNA 

Plant Cultured 

DPA: 15 
BR 
15 

C 
15 

BR 
7 

C 
7 

Figure 3.9. Northem Analysis: E6. Autoradiogram from the northem 
hybridization with the E6 fiber-specific cDNA. The RNAs are from 7 and 15 DPA 
cultured and plant fiber. The hybridization illusfrates the expression of transcripts 
possessing homologous regions to the labeled cDNA in both 7 and 15 DPA plant RNAs, 
however little hybridization occurred with the cultured day 15 RNA suggesting 
developmental changes have occurred in the in vitro cultures. The day 7 cultured RNA 
also illustrates repression of the transcripts homologous to the labeled cDNA due to 
exposure to exogenous BR. 
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ACP: FIBER-SPECIFIC cDNA 

Day 15 
Plant BR Confrol 

Day 7 
Plant BR Confrol 

Figure 3.10. Northem Analysis: ACP. Autoradiogram from the northem blot 
probed with a fiber-specific cDNA called ACP, which is the cDNA for the region coding 
the Acyl Carrier Protein. The results of the hybridization show increased expression of 
the transcript in the 15 DPA RNA over the 7 DPA RNA, which suggests the temporal 
relationship of the franscript to fiber development. Also in both the day 15 and day 7 
RNA there was less hybridization of the probe to RNAs from cultured RNA which was 
exposed to exogenous BR suggesting a possible degree of repression of this franscript due 
to BR exposure. 
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CHAPTER rV 

DISCUSSION 

The physical measurements indicate tiiat exogenous exposure to BR may effect 

developmental changes within the cotton ovary. Statistical analysis showed significant 

increases in fiber elongation and ovule growth in BR-treated cultures on some days of 

development, suggesting that cotton should be added to the growing list of plants affected 

by this hormone at some level. 

Brassinolide-induced ovule growth at high concenfrations (10"^ M) and occurs in 

the absence of stimulated fiber elongation. This could represent a diversion of metabolite 

resource allocation to ovule and/or callus growth, which could reduce the available 

metabolites needed for fiber development. Grovs^ stimulation of BR-freated ovules 

occurred consistentiy and ovules treated with BR at 10"̂  M are often twice the weight of 

the culture grown confrol ovules (Figure 3.2). Our physiological data (Figures 3.1-3.6) 

plus the differential gene expression illusfrated in northem analysis (Figures 3.7-3.10) 

indicates that BR does have a level of control on the cotton reproductive system that 

affects gene expression and the growth of cotton ovules and fiber. 

There is contradiction between fiber length and dry weight measurements at the 

10"' M BR concenfration. Although there is statistically significant fiber length 

improvement (p=0.026. Figure 3.1), there appears to be a reduction of fiber weight due to 

BR treatment in comparison to the confrol group (p=0.068. Figure 3.3). However, tiie 

reduction of dry fiber weight is not supported in the growth curve experiment, hi addition 
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the growth curve experiment illustrates very little difference from the confrol at 20 DPA 

and there is an increase in length and dry weight at 29 DPA in cultures treated with 10"' 

M BR (Figures 3.4, 3.6). This suggests that development was not complete in 

experiments which illusfrate 21 DPA data. 

Although there is clearly growth stimulation of the ovule and fibers, it is unclear 

whether BR is stimulating an increased productivity of fiber number or fiber elongation in 

cultured conditions. The confradiction between decreased fiber weight (Figure 3.3) and 

increased length measurements (Figure 3.1) in the BR treated cultures might even be due 

to a BR stimulated increase in length at the sacrifice of numbers of fibers, or BR 

stimulation may be limited to length and not secondary wall deposition, causing the same 

amount of secondary wall to be spread over a greater surface area. Altematively, the 

weight/length difference may be attributable to BR induction of vacuole swelling as a 

function of elongation stimulation which is lost upon desiccation prior to dry fiber weight 

measurements. Fiber length measurements may have been exaggerated due to an increase 

in the tendency of the fibers to form sfrands upon manipulation at the 10"' M BR 

concentration and dry fiber weight may have also decreased as a result of the increased 

manipulation required to obtain accurated length measurements. Ovules freated with 10"' 

M BR were uniquely and consistently more difficult to measure as a result of fiber 

stranding. Although sfranding may have exaggerated fiber length measurements, it was 

apparently a result of increased fiber lengths in those cultures. 

The cultured control ovules possessed more dry fiber weight than all BR treated 

cultures and the decrease in fiber was statistically significant in tiie 10"̂  M culture. The 
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fact that the 10"̂  M treated culture possessed significantly more ovule weight (p=0.001) 

and significantly less fiber weight (p=0.02) suggests the possibility of BR-stimulated 

metabolic diversion from fiber development to ovule reinforcement which may only be a 

result of the sfressful conditions of naked in vitro growth. The effects of BR are 

influenced by environmental conditions and increased growth rate over the control tends 

to be greater at lower than optimum temperatures (Kamuro & Takatsuto, 1991). 

Brassinolide has demonsfrated an ability to reinforce seedlings against cold sfress, 

therefore, BR may also be considered a stress hormone (Katsumi, 1991). The exposed 

nature of the ovules in the in vifro growth model utilized for these experiments may be 

producing a BR induced effect toward the reinforcement and protection of the seed 

whereas the affect of exogenous BR tteatment in situ may be quite different. 

Greenhouse or field experiments need to be performed to determine the effect BR 

produces under normal growth conditions. Should field applications be possible, they 

could lead to an improvement in commercial fiber lengths. Field applications of 24-

epiBR have induced more than 10% increase in the yield of wheat, com, tobacco, 

watermelon and cucumber (Ikekawa & Zhao, 1991). However, other researchers have 

demonsfrated the requirement for a day of anthesis application to induce effects in 

tomato. They saw no effect on flowers which were freated with BR before or after the day 

of antiiesis. Their research indicates that the effect of BR disappears rapidly and that BR 

may not be useful in practical large-scale cultivation (Kamuro & Takatsuto, 1991). 

Although the effective concenfration of BR is in the ^M range, repeated field applications 
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required by exposure during the days of anthesis may not be cost effective. Therefore, the 

potential for field utilization needs to be evaluated before large scale testing is begun. 

RNAs from plant-grown and cultured ovules were successfully probed with 

labeled putative BR-responsive cDNAs pKC03, and pKC22, illusfrating the expression of 

franscripts homologous to these cDNAs in the cotton ovary. Also, the expression of 

transcripts was greater in the BR treated cultures substantiatmg the BR-responsiveness of 

these cDNAs. It is clear from the growing amount of work being published that BR plays 

an active role in growth stimulation and these data suggest that cotton is not an exception 

to the growdng list of plants stimulated to growth by the hormone. However, the fiber 

specific probes E6 and ACP illustrated reduced hybridization to RNAs purified from 

cultures exposed to exogenous BR, suggesting a repression of the franscripts 

homologous to these fiber specific cDNAs upon exposure to exogenous BR. Brassinolide 

has the effectiveness that warrants its classification as an endogenous plant hormone 

through the stimulation and/or repression of gene expression. Its utilization to improve 

cotton production may only require the presence of other endogenous factors not 

available in the isolated cultured conditions, or normal uptake of the hormone to natural 

receptors, or different growth condition or concenfrations. 

Although the proclamation of the benefit of BR to cotton producers is not yet 

forthcoming, these data support its ability to affect development in the cotton ovary. 

Further characterization of the affect of BR on cotton development is required. Although 

we have substantiated the BR-responsive nattire of cDNAs, which may be usefiil for 

fiirther characterization of its activity, the potential role of BR on cotton development 
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remains unclear. However, the physiological effect produced by BR in cultured condition 

strongly argues for the need for more research so that any potential beneficial effect of 

BR on cotton fiber may be elucidated. If future experiments corroborate the effect of BR 

seen under cultured conditions, and if its cost effectiveness supports is large-scale 

usability, then BR may eventually be exploited to improve commercial farming yields. 
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