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Abstract 

ROLE OF THE BRASSINOSTEROID-SPECIFIC REGULATORY FACTOR BZRl IN 
COTTON FIBER DEVELOPMENT, Hosam Attaya'. Haggag Abdel-Mageed, Mohamed 
Fokar, Yan Sun, Preethi Reddy and Randy D. Allen. Dept. of Biological Sciences, Texas Tech 
University, Lubbock, TX 79409 

Brassinosteroids (BR) are a family of phytosterols that act as growth regulators in plants. These 
molecules are acti\e at micromolar concentrations and regulate a variety of plant processes 
including cellular elongation, seed germination, vascular development and photomorphogenesis. 
We have shown that application of BR to cultured cotton ovules increased fiber growth while 
exposure to the BR biosynthesis inhibitor Brassinazole (BRZ) inhibited fiber initiation and 
elongation. Exogenous BR down-regulates the expression of several genes involved in BR 
biosynthesis including CPD, BRHl and DWF4. In our experiments, expression of reporter genes 
controlled by the promoters of Arabidopsis CPD and BRHl genes was specific suppressed by BR 
exposure. To further elucidate the role of BR in cotton fibers, we have initiated a series of 
experiments to evaluate the role of specific components of the BR signal transduction pathway in 
cotton fiber development. To this end, transgenic cotton plants were developed that express a 
transgene for Arabidopsis bzrl-lD. This gene encodes a dominant allele of the BR-specific 
transcriptional regulatory factor BZRl. This factor has been shown to be involved in both the 
activation of both BR-induced growth responses, as well as feedback inhibition of BR 
biosynthesis. Experiments are now underway to evaluate the phenotypes of these transgenic 
cotton plants to determine the effects of increased BZRl expression on gene expression and on 
the developmental characteristics of cotton fibers. 

This work was supported in part Howard Hughes Medical Institute grant through the 
Undergraduate Science Education Program to Texas Tech University. 



Role of the Brassinosteroid-Specific Regulatory Factor BZRl in Cotton 
Fiber Development 

Introduction 

Cotton is one of the most used fibers in the world. It has hundreds of uses, from 

clothing to medical grade cotton swabs. The United States economy benefits from more 

than 100 billion dollars of armual revenue from the cotton market alone. Therefore, 

investigating the molecular mechanisms by which cotton fibers are induced and 

elongated has great social and economic potential. 

During the next 50 years there will be a need to produce more agricultural 

products, including cotton, than in the entire history of mankind. This will have to be 

accomplished on decreasing amounts of land suitable for crop production. A major 

challenge, therefore, is to significantly increase the yield of major crops. The long-term 

objective of this project is to use state-of-the-art genomic technologies to uncover the 

genetic networks required to make a cotton fiber. Our rationale is that by understanding 

the various pathways and mechanisms involved in fiber cell fate, novel approaches can be 

designed for increasing fiber yield and quality and, therefore, cotton production. 

Cotton fibers are single specialized, highly elongated cells that grow from the 

seed integument. At maturity, these trichomes have thickened secondary cell walls that 

account for their economic value. Fiber initials undergo a developmental program that 

includes cell fate determination, initiation, elongation, specialization, and finally, 

programmed cell death. Fiber cells are distinguished by their ability to grow to 6 cm in 

length in a relatively short time and then to synthesize large amounts of cellulose in 

subsequent stages. The rapid, semi-synchronous growth and maturation of fiber growth 



makes them an amenable model system to investigate cell elongation independently of 

cell division. 

Among the factors that regulate fiber cell elongation are plant hormones. Several 

independent investigators reported that indole-3-acetic acid (lAA) and gibberellic acid 

(GA) enhanced the differentiation of fiber cells and promote their elongation, while 

abscisic acid (ABA) has an inhibitory effect on fiber growth (Asami et al., 2001; Beasley 

and Ting. 1974; Chen et al., 1988). These reports clearly show that the elongafion phase 

of fiber cells is hormonally regulated. Recent work in the laboratory of Dr. Allen at 

Texas Tech University indicates that, along with auxins and GA, brassinosteroids (BR) 

play a critical role in promoting cotton fiber initiation, elongation and maturation. 

Application of exogenous BR to cultured ovules or developing bolls increased fiber 

length and over-expression of a BR-regulated xyloglucan endotransglucosylase/hydrolase 

(XTH) in transgenic cotton plants resulted in the production of longer mature fibers 

(Allen et al., 2000). Furthermore, treatment of cultured ovules with the BR biosynthesis 

inhibitor Brassinazole2001 (Brz) strongly inhibits fiber initiation and elongation 

indicating that BR produced by the developing ovule is required for fiber development 

(Sun et al., 2004; 2005). Cotton ovules from plants treated with Brz prior to anthesis, 

showed no fiber initiation and Brz treatment post-anthesis resulted in fibers with little or 

no secondary cell wall. These results indicate that BR is a major player in cell fiber 

development. 

Brassinosteroids (BR) are a family of phytosterols that act as growth regulators in 

plants. These molecules are active at micromolar concentrations and regulate a variety of 

plant processes including cellular elongation, seed germination, vascular development 



and photomorphogenesis (Schumacher and Chory, 2000). Arabidopsis plants carrying 

the brassinosteroid insensitive 1 {BRll) mutant alleles show many of the same 

characterisfics as BR biosynthetic mutants DEr2 and CPD. Generally, BR deficient and 

insensitive mutants are dwarf, have reduced apical dominance, delayed flowering and 

senescence, and male sterility (Clouse et al. 1993; Clouse et al., 1996; Li and Chory, 

1997). The map based cloning and sequencing of BRIl revealed that it encodes a protein 

with the characteristics of a leucine-rich repeat receptor kinase (Li and Chory, 1997). 

BRIl is similar to leucine-rich repeat receptor kinases from both animals and plants that 

include an extracellular ligand-binding domain, a single membrane-spanning domain and 

a cytoplasmic protein kinase domain. Using forward and reverse genetics approaches, 

two independent studies have identified additional components of the BR signaling 

pathway (See Nemhauser and Cory, 2004; Wang and He, 2004 for reviews). BRIl 

interacts with a novel serine/threonine protein kinase termed BAKl (BRIl Associated 

Receptor Kinase; Nam and Li 2002; Li et al. 2002). BAKl and BRIl have similar gene 

expression and subcellular localization patterns and physically interact with each other in 

vitro and in vivo (Nam and Li 2002; Li et al. 2002). The Over-expression of BAKl leads 

to an elongated organ phenotype similar to that seen in BRl 1 over-expressing plants 

while expression of a dominant-negative mutant allele of BAKl in a plant carrying the 

weak BRIl allele bril-5 resulted in a severe dwarf phenotype similar to the phenotype of 

the null bri-1 alleles. All these observations indicate that BAKl is an important 

component of BR signaling pathway that may function via heterodimerization with BRIl 

(Li et al. 2002). In 2001, Li, et al. idendfied novel dominant BR-insensitive alleles in 

Arabidopsis known as bin2 (brassinosteroid insensitive). The BIN2 gene encodes an 



Arabidopsis Shaggy-related protein kinase (ASK) that down-regulates the BR signaling 

pathway (Li and Nam 2002;). The semi-dominant bin2 mutations enhance BrN2 kinase 

activity, leading to hyper-phosphorylation of the nuclear proteins BZRl and BZR2/BES1 

and preventing their accumulation (Wang et al. 2002). BESl was identified as a 

dominant suppressor of weak bril mutant alleles (Yin et al., 2002) and the dominant 

bzrI-lD allele causes insensitivity to the BR biosynthesis inhibitor Brz. This mutation 

can suppress the phenotype of BR-deficient and signaling mutants, enhance feedback 

inhibition of BR biosynthesis and increase the accumuladon of BZRl in the nucleus 

(Wang et al. 2002). In addition, ectopic expression of the dominant bzrI-lD leads to a 

phenotype similar to that seen in plant that over-express BRl that includes elongated 

petioles. These results provide the basis for a model for the BR signal transduction 

pathway (Figure 1). In the absence of a BR signal, BIN2 constitutively phosphorylates 

BRZl and BRZ2/BES1, targeting them for proteolytic degradation and preventing their 

accumulation. Binding of BR by the BRIl/BAKl complex at that plasma membrane 

leads to autophosphorylation of these LRR-kinases and activates an, as yet unknown 

signaling cascade that results in the inactivation of BIN2. This loss of BrN2 activity 

results in the dephosphorylation and stabilization of BZRl and BZR2/BES1 leading to 

their accumulation in the nucleus. These nuclear proteins can suppress the expression of 

the BR-biosynthetic protein CPD and activate the expression of XETs and other genes 

involved in BR-dependent growth responses. 

Several studies in other plants species suggested that the BR signaling pathway is 

conserved across pants species. For example, a BRIl ortholog in rice was shown to be 

responsible for BR signaling (Yamamuro et al., 2000). In cotton Sun et al., 2002 



provided strong evidence that the cotton BRIl ortholog is a functional BR receptor. For 

further investigafion on the role of BR pathway in cotton fiber development, we 

identified and cloned a putative ortholog of BZRl (GhBZR) that is expressed during 

cotton fiber development. Members of the BZRl/BESl family constitute a novel group 

of plant transcription factors that act synergistically to mediate both transcriptional 

activation and suppression functions associated with BR signaling. Here 1 report the 

molecular characterizafion of cotton G/j^Z/?/ortholog. 

Materials and Methods 

cDNA cloning 

Using the NCBl BLAST program, a cotton EST (Genbank accession number: Al 

726524) was identified in National Center for Biotechnology Information (NCBl) 

GenBank database with high sequence homology to Arabidopsis thaliana BZRl. Primers 

derived from the sequence of this EST were used to amplify a fiill length GhBZRl cDNA 

from a cotton fiber cDNA library. We choose the following vector-specific primers for 

the Lambda ZAP cDNA vector were: SK-P 5'cgctctagaactagtggatc 3' and T7 

5'gtaatacgactcactatagggc 3'. GhBZRl -specific primers used were: Primer A 5' 

gggtcttaaagcagagtgag 3 ' ; Primer B 5'-cctagtgggactagggaaag 3\ PCR was performed 

using high fidelity Pfu DNA polymerase, cloned into pGEMT-easy, and sequenced using 

the SP6 universal primer. 

Gene construction 

Polymerase Chain Reacdon (PCR) was used to amplify the GhBZRl cDNA using 

high fidelity Pfu DNA polymearse. In order to facilitate the sub-cloning into the binary 

vector pBl 121, Xbal and Smal sites were introduce it into the forward and the reverse 



primers respectively. The following primers were used: Forward-Xbal: tctagaaatatg 

acgtcagatggggcgacgtc and Reverse-Smal: tttcccgggctaacaccgagccttcccacttcc. The 

amplified fragment was ligated into pCGMT-easy and sequenced. The GhBZRl 

fragment released by digesting with Xbal and Smal and ligated with pBI121 previously 

digested with Sad, blunt ended, by a fill-in reacdon using Klenow fragment, and cut with 

Xbal. This construct was then mobilized into Agrobacterium tumefaciens GV3101 

(C58). Positive A. tumefaciens clones containing pB\\2\-GhBZRl were used to 

transform Arabidopsis (ecotype WS-2 and bril-5 mutants) using the Agrobaterium-

mediated-flower infiltration transformation method (Clough et al., 1998). 

Plant Transformation 

The wild type and BR mutant bril-5 Arabidopsis plants were grown under long 

days in pots in soil until flowering. Primary inflorescences were clipped to encourage 

proliferation of secondary inflorescences. Optimal plants have many immature flower 

clusters and few fertilized siliqua. Agrobacterium GV3101 carrying GhBRIl gene 

construct was grown in 750 ml LB (50 pg/ml kanamycin) at 30°C overnight. The 

Agrobacterium was pelleted at 3800 gs for 15 min, and re-suspended to OD6oo=0.8 in 1 

liter freshly made 5% sucrose solution, and silwet L-77 was added to a concentration of 

0.02%. The prepared plants were dipped in Agrobacterium solution for 10-15 seconds 

with gentle agitation. The plant pots were placed in trays and covered with plastic wrap 

for 16-24 hours to maintain high humidity. Plants were watered from the bottom of the 

tray. Watering was stopped as seeds matured and harvested from individual plants. To 

select for posidve transformants, Tl seeds were sterilized with 1ml of 75% ethanol for 1 

min and 1ml 50% bleach solution for 10 min. The seeds were then rinsed with sterile 



water 3-5 times. Transformed plants were selected on MS plates (250 pg/ml 

carbenicillin, 250 pg/ml cefotaxine, 50 pg/ml kanamycin). PCR analysis using specific 

primers designed from CaMV 35S promoter and the GhBZRl gene was performed to 

confirm the presence of the transgene. 

Plant growth conditions 

Arabidopsis thaliana ecotype Colombia, and ws-2 were used as the wild-type. 

The brassinosteroid insensitive mutant bril-5 was used to phenotype rescue. Arabidopsis 

plants were grown under 24 h fluorescent light in soil pots at room temperature. For Brz 

assay, Arabidopsis seeds were surface sterilized and plated in 0.5X MS media with \% 

sucrose and 1 jiM Brz (Asami et al., 2000) 

Agro-infiltration of tobacco leaves 

The constructs used in for the Agro-infiltration experiment were the following: 

pB\\2\-35S-GhBzrL pB\\Q\-CPD::GUS dind pBUO\-XET::GUS Constructed were 

introduced into A. tumefaciens strain C58 (unless stated otherwise) and positive 

recombinants were confirmed by PCR . These A. tumefaciens strains were grown 

overnight at 29°C in 100 ml flask containing 5 ml of LB medium supplemented with 50 

|xg kanamycin per ml, 100 pg rifampicin per ml and 50 pg gentamycin per ml. A 20 ml 

LB medium supplemented with 10 mM MES buffer, pH 5.7, 50 pg kanamycin per ml and 

100 pM acetosyringone was inoculated by adding 100 pi of the ovemight culture and 

grown ovemight at 29 °C . Cells were harvested by centrifiigation and resuspended to a 

final opdcal density (OD) of 1.0 at 600 run in a solution containing 10 mM MES pH 5.7. 

and 100 pM acetosyringone. Cultures were incubated at room temperature for 5 h to 

allow for virulence gene inducdon before infiltration. 



Tobacco plants Nicotiana tobacum L. (cv. Xanthi) were grown in the greenhouse 

for six weeks in at 22°C (day) and 18°C (night) with a photoperiod consisting of 16 h of 

light Seedlings were watered routinely with Hoagland's Nutrient Solution. Two days 

before agroinfiltration tobacco plants were transferred into a laboratory room and 

maintained at 22°C under 16 h light. The bacterial suspension was infiltrated into near 

fully expanded leaves using a 2 ml syringe. The reporter constructs, pB\\0\-CPD::GUS 

and pBI101-^£'r.;G6'5' were infiltrated alone or in combination with the pBIlOl-

CPD::GUS and pBWOX-XET::GUS. Three days after infiltration, leaf disks from regions 

that have been infiltrated were collected in liquid nitrogen and immediately used for GUS 

assay. 

GUS Assay 

In order to quantify GUS activity, homogenized leaf disks were extracted in 800 

pL of the following solution (50 mM sodium phosphate pH7. 10 mM EDTA, 0.1%, 10 

mM B-mercaptoethanol, and 0.1% Triton X-100). Protein concentrations were 

determined by the Bradford method and approximately 20 pg of protein from each 

sample was added to 200 pL of 2 mM 4 methyl umbelliferyl-B-D-glucuronide (4-MU) 

and incubated for 5, 10, 15 and 25 min at 37°C. The reaction was stopped by adding 800 

pL of 0.2 M Na2C03. The enzyme activity was determined using Tumer Fluorometer 

and calculated in units of pmol 4-MU/min/mg protein. 

RESULTS and DISCUSSION 

Brassinosteroids (BR) are a family of phytosterols that act as growth regulators in 

plants. These molecules are active at micromolar concentrations and regulate a variety of 

plant processes including cellular elongation, seed germinadon, vascular development 



and photomorphogenesis. Previously, It have been shown that exogenous application of 

BR to cultured cotton ovules increased fiber growth while exposure to the BR 

biosynthesis inhibitor Brz inhibited fiber initiation and elongation. Using information 

from the plant model Arabidopsis to search for specific components of the BR signal 

transduction pathway in cotton, we identified an ortholog of BZRl (GhBZR) that is 

expressed during cotton fiber development. Several cotton ESTs with sequence 

similarity to Arabidopsis thaliana BZRl (AtBZRl) were present in the cotton EST 

collection hosted in the NCBl database. However, one EST (Al 726524) showed strong 

homology with the AtBZRl coding sequence. Primers derived from this EST were used, 

in combination with the 5' and 3' primers from the lambda ZAP vector to amplify the 

cotton BZRl cDNAs using a cDNA library derived from cotton (Gossypium hirsutum L.) 

fiber mRNA. The identified cotton BZRl is closely related to BZRl/BESl from 

Arabidopsis >70%) amino acid sequence identity (Fig.l). Members of the BZRl/BESl 

family constitute a novel group of plant transcription factors that act synergistically to 

mediate both transcriptional activation and suppression functions associated with BR 

signaling. To test if the Ghbzrl functions in the BR signaling, we made several gene 

constructs to over-express both the wild type GhBZRl as well as the a dominant form that 

is consdtutively active. Our results show that the wild type Colombia plants that 

expressed the GhBZRl showed no phenotype, while expression of the dominant negative 

form bzrI-lD showed a phenotype suggestive of BR hypersensftivity. Expressing the 

Ghbzrl-ID in the BR insensftive bril-5 Arabidopsis plants resulted in a complete 

phenotypic rescue (Fig. 3). The BRZ compound is a BR biosynthesis inhibitor and 

therefore, if added to the media, result in growth retardation similar to mutant defective is 



BR biosynthesis. To determine the response of Ghbzrl-ID over-expressing plants, we 

grew seedlings in media supplemented with IpM Brz. As shown in Fig 4., seedlings of 

plants expressing either the Ghbzrl-ID or Atbzr 1-1D were significantly resistant to Bzr 

compared to the wild-type plants. This suggests that the Ghbzrl-ID did activate the BR 

pathway even in the absence of BR, which further establishes the functional role of 

GhBZRl. To test if the GhBZRl can activate the promoter of their target genes, we used 

Agro-infiltration assay. In this assay, we infiltrated the GhBZRl construct alone or along 

with the CPD::GUS or XET::GUS promoter fusion into tobacco leaves. It was surprising 

to find that GhBZRl activated the XET::GUS reporter gene but did not suppress GUS 

expression under the control of the CPD promoter (Fig. 5). Members of the Arabidopsis 

BZRl family. BZRl and BESl, have overlapping but distinct functions. BZRl appears 

to be mostly responsible for the suppression of genes that are repressed by BR treatment 

while BESl is associated with activation of BR-responsive gene expression (Yin et al., 

2005). Since GhBZRl appears to be more active as a transcriptional activator, our results 

suggest that the GhBZRl is likely to be BESl ortholog. Gene expression analysis is in 

progress to determine the levels of BR responsive genes in plants that over-express 

GhBZRl. In addition, further studies using gel shift assay may be necessary to determine 

if the XET promoter is a target of GhBZRl. 
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Figure 1. Proposed brassinosteroid signal transduction pathwa>. Under steady-
state conditions, co-activators BZRl and BESl are phosphorylated by the shagg\-
like protein kinase B1N2. then ubiquitinated b\ a member of the SfNA gene 
famih and degraded \ la the 26S proteasome. Upon exposure to BR. the leucine-
rich receptor like kinases BRIl and BAKl interact to form a BR receptor 
complex. BR triggers autophosphorylation and initiates a putativ e protein kinase 
cascade that inactivates BIN2. Dephosphorylation of BZRl and BESl b\ BSUl 
stabilizes these proteins and allows them to accumulate in the nucleus where the\ 
activate growth response genes such as XET and inhibit BR bios> nthetic genes 
such as CPD 
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Figure 2. Alignment of the deri\ed amino acid sequence of BRZl homologs from 
Arabidopsis (AT1G75080) and cotton (GhBZR). 

35SAtbzrl 

-t̂  
Ss's-Ghbzr 

WT(Colombia) 

' x̂  
Figure 3. GhBZRl complements BR-insensiti\e Arabidopsis mutants. Site-
specific mutagenesis was used to create a P to L substitution at the amino acid 
217 in the cotton hzrl. The P217 L GhBZRl transgene was transformed into 
homozygous bril-5 (Top panel) and wild t\pe (Bottom panel) Arabidopsis plants. 
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Figure 4. Growth of seedlings that over-express the dominant mutant form of 
Arabidopsis or Cotton BZRl was resistant to BRZ treatment. Seedlings were 
grown in the dark for six days with or without 1 pM Brassinazole (BRZ). 

Figure 5. GUS activity of CPD::GUS and XET::GUS expressed alone or co-
expressed with GhBZRl in Agro-infiltrated tobacco leaves. Co-expression of 
GhBZRl had no detectable effect on the expression of the CPD::GUS reporter 
gene while expression of the XET::GUS reporter gene was increased by 
approximately 2-fold. 


