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Abstract

Declining water resources coupled with the dwindling size of agricultural land
necessitate the development of drought tolerant crop varieties. However, genetic control
of drought tolerance is complex because of the involvement of a large number of genes.
Studies in plant biotechnology for improved plant stress tolerance mostly concentrate on
implementing and manipulating downstream gene, involved in the physiological
responses. Recently, the upstream gene regulatory network involving small, non-coding
RNAs such as microRNAs (miRNAs) and their target genes has been discovered.
However, the drought regulatory relationship between miRNAs and their targets in
barley, one of the major cereal crops, is still largely unknown. In this PhD project,
potential drought responsive miRNAs and their targets were identified and validated in
barley genotypes, and the drought tolerance of transgenic barley over-expressing
miR827, a previously reported miRNA that conferred drought tolerance in Arabidopsis,
was examined.

To identify and validate drought responsive miRNAs and their targets, we
conducted expression analysis of several drought responsive miRNAs under drought
treatment in four barley genotypes that were reported to perform well in the drought
prone areas of Australia. Differences in expression of four miRNAs; Ath-miR169b,
Osa-miR1432, Hv-miRx5 and Hv-miR166b/c were observed between drought-treated
and well-watered barley samples, and this expression varied among the experimental
genotypes. Generally, miRNA-mediated cleavage of the target mMRNAs was observed at
the ideal cleavage site, however we also found miRNA-mediated cleavage not limited to
the canonical position. We detected the spatial accumulation of potential drought
responsive miRNAs and targets that mostly localized in the mesophyll tissues, and

inverse correlation of expression between mature miRNAs and their target mRNAs.


jf.brri@gmail.com
Typewritten text
5


These results suggested a contribution of miRNAs to the molecular control of target
gene expression, genotype-specific regulation under drought treatment, and the promise
of mMiIRNA: mRNA as biomarkers for genotypic selection in barley.

To examine the drought tolerance of transgenic barley expressing miR827, we
monitored the performance under drought of miR827 over-expressing transgenic barley
plants under the control of the constitutive promoter CaMV-35S and drought-inducible
promoter Zm-Rab17. We observed that the ectopic overexpression of Ath-miR827
resulted in unwanted side-effects, that is reduced shoot area, delayed anthesis and
reduced whole plant water use efficiency (WUE,,;) and weight of seeds per plant in the
transgenic compared with the wild type counterpart or null plants. In contrast, the
drought inducible expression of Hv-miR827 caused several promising phenotypes; that
Is, the transgenic barley plants did not show reduced shoot area or delayed anthesis
compared to the wild type, while the WUE,,, and leaf relative water content (RWC)
were improved. Further, we observed the advantages of drought inducible Hv-miR827
over-expression in the recovery of transgenic plants after drought stress. These findings
suggest that the over-expression of Hv-miR827 is promising for improving plants’
performance under drought and that miRNA-mediated drought tolerance or intolerance

also depends on the nature of promoter.
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