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Executive Summary for public release

This summary will be published on Inside Cotton, CRDC’s digital repository, along with the full
final report (if suitable for public release). It is designed to provide a short overview of the
project for all interested parties. Please complete all fields, ensuring that this exceeds no more
than two pages.

Project title: Type Title here

Project details: CRDC project ID: 1605

CRDC goal: 2. Improve cotton farming
sustainability and value chain
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CRDC key focus area: 1.3 Protection from biotic
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Principal researcher: Anahid Al-Amery

PhD candidate
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Rural Sciences

Organisation: University of New England
Start date: o109/2015
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Objectives
7)to study the effects of exogenous BR on cotton growth and tolerance
to water, salt and pathogen stresses;

2) to characterise in detail CBP60-related genes in cotton for gene
structure, phylogenetic relationships, their transcriptional responses to
exogenous BR, drought, salinity and pathogen challenge, as well as
their tissue/organ-specific expression;

Background Brassinosteroids (BRs) are plant steroidal hormones that play a
versatile role in modulating plant growth and development. They are
also known for their involvement in mediating tolerance to abiotic and
biotic stresses. Studies on the manipulation of genes involve in BR
biosynthesis or signalling reveal the essential role of BRs on plant
development (Bishop and Yokota, 2001). Loss-of-function mutation of
these genes usually leads to multiple developmental defects, male
sterility, altering stomatal distribution, delay flowering and dwarfism
(Clouse, 2011). Studies of the BR signaling pathway and BR gene-
regulation indicate that BR act independently or dependently through
interaction with other plants hormones to mediate stress response in
plants. A group of calmodulin binding proteins, known as CBP60s also
involved in mediating the response of plants to stress. Many CBP60s
have been identified at the whole genome level in several plant
species including Arabidopsis, rice and maize (Subbaiah et al., 1994a,
1994b, 1996, Boonburapong and Buaboocha, 2007). Taken together
these observations suggest that BR and CBP60s genes can be used as
strong targets for increasing plant growth and development under
various stimuli. This will provide valuable information for understanding
whether there is a possible connection between BR signalling and
CBP60 transcription factors in mediating abiotic stress response in
cotton.
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Research
activities

Brassinosteroids (BRs) are plant steroid hormones that not only play
vital roles in plant growth and development but also in mediating stress
response. A group of calmodulin binding proteins, known as CBP60s
are also involved in mediating the response of plants to stress. The
aims of the present study were: (1) to investigate the effect of
exogenous 24-epibrassinolide (EBR) on the phenotype of cotton
Gossypium. hirsutum seedlings under mild to moderate biotic and
abiotic stresses, (2) to find and characterise cotton CBP60-encoding
genes, orthologous to Arabidopsis CBP60s with known involvement in
stress responses, and to investigate whether EBR may act by
modulating expression of GhCBP60 genes in cotton leaf tissues under
salt stress. Experiments were designed to demonstrate the effects of
EBR application from 0.1to 2 uM on the phenotypic responses of
cotton seedlings to mild to moderate salt, drought and pathogen
(Verticillium dahlia) stresses. Results show that the exogenous
application of EBR at low concentrations of 0.1 and 0.2 uM had no
positive effect on seedling growth under all stresses. In addition, EBR
at a higher concentration (0.5 pM) or with the surfactant Tween 20
caused toxic effects. Bioinformatics approaches revealed the presence
of GhCBP60 orthologues of AtCBP60. Phylogenetic analysis indicated
that CBP60a, CBP60g and CBP60h from Arabidopsis each have four
co-orthologues in cotton. AtCBP60f has two co-orthologues, whereas
CBP60b/c/d have nine co-orthologues. Multiple amino acid sequence
alignments indicate that the DNA-binding and CaM-binding domains of
AtCBP60 are highly conserved in GhCBP60, suggesting similar protein
structures to AtCBP60. Prediction of subcellular localisation suggested
that all GhCBP60 proteins contain a nuclear localisation signal. This,
together with the highly conserved putative DNA binding region,
suggests that all GhCBP60 are transcription factors. The results of qRT-
PCR demonstrated that EBR treatment of cotton up-regulated the
expression of GhCBP60a/f/g. On the other hand, salt down-regulated
the expression of GhCBP60a but up-regulated the expression of
GhCBP60f/g. Interestingly, treatment with EBR in the absence of salt
restored the expression of GhCBP60a to levels similar to the control
tissue. Analysis of promoters of GhCBP60 genes for putative BR-
related transcription factor binding motifs indicated the presence of
CANNTG and GGTCC elements. However, these were not significantly
enriched in stress-regulated genes. Furthermore, higher stringency BR-
signalling-related elements: BRRE (CGTGTG/CGTGCG), G-box
(CACGTG) and transcription factors TGA 1/TGA 4 (TGACG) sense strand
were absent in stress-responsive genes GhCBP60a/f/g/h as compared
to other groups. In the light of these results, we concluded that BR
positively regulates the expression of novel GACBP60 genes
suggesting a possible connection between BR signalling and GhCBP60
transcription factors in mediating abiotic stress responses in cotton.
However, the results from the cis-element search suggest that this
connection is likely to be indirect rather than via a direct interaction
with the BR signal transduction pathway.

Outputs

- The exogenous application of EBR on seedling growth under salt,
drought and drought stresses showed no positive effect

- Bioinformatics approaches revealed the presence of GhCBP60
orthologues of AtCBP60 with highly conserved CaM and DNA binding
regulatory domains that contain nuclear localisation signal suggesting
similar function to AtCBP60 in other plants.
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- EBR treatment up- regulates the expression of novel GhCBP60a//g
genes. Similarly, salt up regulates the expression of GhCBP601/g but
down regulate the expression of GACBP60a in the absence of EBR.
Interestingly, treatment with EBR in the absence of salt restored the
expression of GhCBP60a to similar level with the control tissue.
However, the analysis of promoters of GACBP60 genes for putative BR-
related transcription suggest that there is indirect link between the
GhCBP60 and BR-regulated genes.

Impacts -The discovery of GhCBP60a/f/g can be used as a molecular tool for
plant breeding and subsequently will produce breakthroughs in
understanding the stress signalling mechanisms and adaptation in
cotton.

-The new insights obtained will be considered as a foundation for
future studies to illustrate the mechanism of GhCBP60 proteins and
their relation to BR signal transduction pathways in cotton.

Key publications | -The following two chapters will be published in two journals.

1-The Structure, Phylogeny and Prediction of Subcellular Localisation of
Calmodulin-binding Protein 60 (CBP60) in Cotton G Airsutum.
Expression profiling of GACBP60 in cotton seedlings treated with
brassinosteroids and salt, and analysis of cis-regulatory elements.
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