Gene regulation and biotechnology of drought tolerance in sugarcane
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Introduction

Drought is one of the main factors affecting sugarcane productivity.
Sugarcane varieties differ in their ability to withstand drought while keeping
sucrose accumulation. Considering that 70% of the water used by humankind
is directed to irrigate crops, tolerance to water scarcity is also a key issue for
agricultural sustainability. The understanding on the mechanisms underlying
drought tolerance observed in some varieties will be valuable for the
agronomical improvement of sugarcane. We have addressed the problem of
drought tolerance in sugarcane using a multidisciplinary approach, integrating
plant physiology, transcriptomics, microtranscriptomics, proteomics and
biotechnology.

Results and conclusions

Sugarcane plants from three drought tolerant (RB92579,
RB867515 and SP79-1011) and three drought sensitive varieties (RB72454,
RB855536 e RB855113) were cultivated in the field in Alagoas. Plants were
watered or not and leaf and first internode samples were taken three, seven
and eleven months after planting (MAP). Several parameters were also
evaluated, such as gas exchange, proline content, leaf area, internode
diameter and productivity. RNA samples were extracted for gene expression
profiling using Agilent arrays covering 14,522 sugarcane genes and also for
the construction of miRNA libraries that were sequenced using Solexa.
Protein samples were extracted for proteomic analysis. Selected genes were
used to transform sugarcane and model plants aiming the production of plants
with higher tolerance to drought.

Plant responses to drought included reduction of the leaf area,
lower stomata conductance and lower leaf osmotic potential, as well as
dynamic photoinhibition and induction of leaf proline content. No differences
could be seen between the two groups (tolerant and sensitive) at three MAP.
Photosynthesis was higher in drought tolerant plants at seven MAP and this
difference was also noted at eleven MAP, although not at the same level as
observed at seven MAP. Proline content had no correlation with drought
tolerance in any of the three time points evaluated. As expected, plant
productivity in the drought tolerant plants under drought conditions was higher



than drought sensitive plants.

The Agilent array was hybridized with probes derived from RNA
samples extracted from leaves and the first internode from two drought
tolerant sugarcane varieties (RB92579 and RB867515) and from one drought
sensitive variety (RB92579). Hundreds of genes were modulated by drought
in these two tissues in the three sugarcane varieties. Consequently, a wide
array of protein functions was changed in response to drought. Interestingly,
proteins involved in hormone biosynthesis, such as ABA and auxins, were
found. We also found proteins related to folding, probably helping cells to
overcome the stressful conditions that trigger protein malfunctioning. These
classes of genes showed differential expression between the two drought
tolerant varieties and the drought sensitive one.

To identify miRNA associated to drought tolerance, libraries were
made from RB867515 and RB855536 leaves, seven MAP, under irrigation or
not (drought treatment). Between 8 to 12 million valid reads were obtained by
deep sequencing for each library. Conserved miRNA were identified based in
their identity to the sequences in the miRBase, allowing two mismatches. The
number of transcripts for each miRNA were normalized by the number of total
reads in each library and used as an estimate of the miRNA abundance in
each library. By comparing irrigated vs non-irrigated samples we were able to
find 18 miRNA differentially expressed in the tolerant RB867515 and 9 in the
sensitive RB855536. There were 9 miRNA that were found in both sugarcane
varieties. Interestingly, most miRNA were repressed in the tolerant variety and
the opposite was observed in the sensitive variety. In silico analysis identified
the putative targets of these miRNA and indicated that a wide array of protein
functions are affected, including transcriptional factors, phosphatases and
helicases.

In spite of comprehensive transcriptomics, few information is
available on sugarcane proteome associated to drought. Here, the approach
is large-scale open definition of proteome by 2D-PAGE/MS in the sugarcane
genotypes contrasting to drought tolerance. Initially, we have evaluated the
proteome from plants grown in greenhouse and cultivated in vitro. Sugarcane
plants were harvested after stress confirmed by water potential and relative
water content. Leaves, stems and roots proteomes were defined by 2D-
PAGE, resulting in distinct profiles between drought treatments, differing also
in spots distribution along pH/MW ranges. Analyses allowed selection of
differentially expressed peptides (DEP), exclusive or common spots. Those
selected were identified by MS, and data suggested differential expression of
proteins associated to drought response mechanisms, protein folding and
photosystems composition. We observed several responses specific to some
genotypes. Regarding the field-grown plants, 2-D allowed the identification of
several spots that were modulated by drought. The identification of these
proteins by MS is underway. Drought-DEPs identification will help functionally
relevant biological data interpretation, and linkage to physiological profiles
from the same samples. Proteins differentially expressed between these
conditions may be used in selection and development of new sugarcane
varieties with improved drought or salinity tolerance, attending the growing
demand for renewable energy sources, as biofuels.

Aiming the functional evaluation of the genes and proteins identified in the



assays describe above, transgenic tobacco, Brachypodium and sugarcane
plants overexpressing or silencing selected genes are being obtained. A new
protocol for sugarcane transformation using sugarcane leaves was developed
using biolistics. This approach certainly will allow us to verify the function of
genes selected to increase drought tolerance in sugarcane. In a previous
work (Rocha et al., 2007. BMC Genomics 8:71), using greenhouse grown
plants we identified 93 genes that were modulated by drought stress. Two of
these genes, encoding proteins with unknown function, were overexpressed
in transgenic tobacco plants. These genes were named Scdrl and Scdr2 (for
Sugarcane drought-related) and they increased seed germination in media
containing mannitol (simulating drought stress) and NaCl. Adult plants also
showed higher tolerance to both mannitol and salt stress, presenting higher
shoot biomass.

In summary, our data allowed an integrated picture of sugarcane
responses when grown in the field under drought stress. Genomics and
proteomics studies delivered an interesting list of genes that highlights the
molecular mechanisms activated by sugarcane to cope with drought stress.
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