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Abstract 

 

Both rice (Oryza sativa L.) and common reed (Phragmites communis Trin.) 

are monocots belonging to grass family (Gramineae) and have many common 

features and broad tolerances over many habitats. In this research, wetland and 

dryland ecotypes of rice and reed were used to study their molecular mechanisms 

of perception and responses to hypoxia and water stresses. 

First of all, flooding as hypoxia treatment was used on different rice cultivars 

during their germination and seedling establishment stage. Forty CBL-CIPK 

signalling components were screened for their differential expressions. CBL10 

gene was identified having no expression and very low hypoxia-induction in 

hypoxia-tolerant cultivars but low expressions and high hypoxia-induction in 

hypoxia-intolerant cultivars. After analysis of the related proteins involved in 

fermentative metabolism by QRT-PCR and western blot and transient expression 

assays of different rice CBL10 promoters, it is found that different promoters 

regulate expressions of CBL10 gene that negatively regulates CIPK15 pathway 

cascade to generate energy through fermentative metabolism under hypoxia stress. 

Then cytosolic free calcium concentration was investigated in seed and seedling 

of hypoxia-tolerant and intolerant rice cultivars during hypoxic germination by 

assay of Ca
2+

 flux in rice coleoptiles. Cytosolic free calcium concentration was 

found negatively correlating with hypoxic tolerance and being positively 

regulated by ROS. In addition, different effect of chemical inhibitors on different 

rice cultivars indicate that some CBLs involved in negative regulation of hypoxic 

tolerance in hypoxia-intolerant rice and other CBLs involved in positive 

regulation of tolerance in hypoxia-tolerant rice. 

Two typical rice cultivars, lowland rice and upland rice, exhibited almost 

similar characteristics under well-watered conditions but remarkable disparities 

under water stress. In particular, ABA level in root system was closely related 

with many drought adaptation features, including growth maintenance, root 

activity, antioxidant regulation. By analyzing ABA biosynthesis and catabolism as 

well as ABA levels in aerial parts and roots, it is deduced that upland rice has the 

ability to export more root-sourced ABA under severe drought, which is 

beneficial for ABA-dependent drought adaptation. Further investigation on root 

apoplast and root anatomy shows that less ABA accumulation in upland rice roots 

is not only caused by high apoplastic pH, but also related to the chemical 

composition of sclerenchyma layer in upland rice roots. It is predicted that 

different ABA level in rice roots inevitably stimulates distinct cascades in ABA 

perception and signaling to influence its response to water stress. 

Dryland and wetland habitats also have resulted in some difference in leaf 

blades of the ecotypes concerned. This is typically significant with reeds, i.e. 

variations in hydrophilic and hydrophobic characteristics of proteins. By 

comparing leaf structure and water content, it is found that inconspicuous 

difference displays between swamp reed and dune reed. However, step-by-step 
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protein extraction according to protein solubility indicates protein hydrophobicity 

shows great variation between them. Measurement of protein thiol contents by 

DTNB shows that the change of protein hydrophobicity in dune reed is linked 

with thiol oxidative modification. Proteomics analysis of two reed ecotypes with 

soluble and insoluble proteins resolved by 2-DE and 2D-DIGE and identified by 

MALDI-TOF/TOF MS demonstrates that not all proteins change their protein 

solubility and the change of protein solubility may be related with protein 

activities and functions. 

In conclusion, it is found that dryland and wetland ecotypes of rice and reeds 

show distinct responses during hypoxia and water stress conditions. Calcium 

related signaling pathways are involved in hypoxic regulation in energy 

metabolism but ABA-regulated pathways are certainly involved in upland rice in 

response to water stress condition. Long time evolution must also have resulted in 

protein modifications in response to harsh environment, such as the case with 

sand dune reeds.  
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