
How plants 
cope with 
flooding 

saline water
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Global Warming & Flooding



The end of global warming
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Tsunami
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� Hypoxia

� Anoxia 
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� Water deficit
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• Cytotoxicity ��� ion
• Water deficit
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• Hypoxia – reduced respiration

• Anoxia  - Fermentative metabolism

- Inadequate ATP production

- Production of toxin by anaerobic      
microbe

- ROS production

- Stomatal closure
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Pneumatophore Prop root

Knee root

Avicennia marina  ��
���� 

Avicennia germinans ��
 Rhizophora apiculata ������ !��"� 

Rhizophora mucronata ������ ! #$% 



Aerenchyma formation

• Triggered by ethylene

• Triggered  by 

fermentation 
metabolism
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Suaeda maritima Dum.

Halophyte Glycophyte
In many cases, metabolism sensitivity to salt concentration in cytoplasm and organelle is similar.



Halophyte

• Halophyte

– Salt gland

– Compartmentalization 

of Na+ and Cl-

(vacuole)



Salt excreters remove salt from their tissues via 
salt glands in their leaves.

Avicennia alba - ���,��



Kandelia sp.
Salt excluders

physiologically 

prevent salts 

entering the root 

xylem and being 

transported to heir 

tissues by an 

ultrafiltration

mechanism. 

Excess salts are 

removed from the 

roots by an active 
pump mechanism.

Kendelia candel �
��%&'( 



Porteresia coarctata (Oryza coarctata) forms an important constituent in the plant 
succession leading to formation of mangrove communities along the estuaries in India.

L-myo-inositol-1-

phosphate synthase in 
Porteresia coarctata, 

homodimeric enzyme, 
retains its aggregation 

state in high salt, while 

rice protein disintegrates 
into enzymatically inactive 
monomers.



Glycophyte

Ion homeostasis by vacuolar compartmentalization

• Conserved mechanism 

among organisms, including 
yeast

• Prevent toxic accumulation 
of ions in cytoplasm

• Osmotic adjustment



Sodium / Proton Antiporter

Salt-Overly-Sensitive genes (SOS1, SOS2, and SOS3)

tonoplast Na+/H+ exchangers (NHX) – vacuolar Na+ / H+ exchanger



SOS3 encodes an EF-hand type calcium-binding protein that may sense calcium changes elicited by salt stress 
– Calcineulin B-like protein

CBL4/

SOS2 – serine-threonine kinase – CBL-interacting protein kinases (CIPK)

CIPK24/

SOS1 encodes a 127 kilodalton membrane protein with 12 putative membrane-spanning 
domains and a long hydrophilic tail at the C-terminal end of the protein





cDNA microarray for analyzing the gene 

expression patterns of genes under stress 
conditions.

The Plant Journal
Volume 31 Issue 3 Page 279 - August 2002

Monitoring the expression profiles of 7000 Arabidopsis genes under 

drought, cold and high-salinity stresses using a full-length cDNA
microarray

Seki et al.







Transcriptional Regulatory Networks in Response to

Abiotic Stresses in Arabidopsis and Grasses
Kazuo Nakashima, Yusuke Ito, and Kazuko Yamaguchi-Shinozaki*

Plant Physiology, January 2009, Vol. 149, pp. 88–95
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Ca2+ is a stress 
signal in plants.



Calcium sensor proteins

• Calmodulins (CaM)

• Calcinulin –B- like 
proteins (CBL)

• Calcium dependent 
protein 
kinases(CPK) 



The role of the OsCam1-1 salt stress sensor in ABA 

accumulation and salt tolerance in rice

Salt stress

CaM1-1

ABA

Salt stress resistance

?



Plant MaterialsPlant Materials

• KDML105

• FL530 – KDML105 Introgression line

Rice Gene Recovery Unit, 

National Center for Genetic 

Engineering and Biotechnology, 
Thailand. 



ABA content under salt stress



OsCam1-1 gene expression



Over-expression of OsCam1-1 gene in 
transgenic KDML105 rice



Confirmation of the transgenic plants



Abscisic acid synthesis pathway

35SCaM1-1T1 

35SCaM1-1T2 

35SCaM1-1T3 

Wild type & T1 - controls



OsAAO

OsNCED



ABA content during salt stress



Phenotype of transgenic plants during salt stress

Normal Salt stress

35SCaM1-1T1 – T2 – T3 WT T1 35SCaM1-1T1 – T2 – T3 WT T1



Phenotype of transgenic plants during salt stress



Salt stress

CaM1-1

ABA

Salt stress resistance

ConclusionConclusion
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Oryza coarctata
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