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PREFACE 

Soil acidity is one of the most significant limiting factors to the crop yield. The 

ionic form of Aluminum (Al
3+

) is one of the dangerous toxins under acid soil 

condition. Approximately 30 - 40% of world cultivable land is categorized under soil 

acidity. Under Al stress conditions, plant loses its strength, fails to uptake nutrient, 

following the prohibition of root development which leads to decrease in shoot and 

root biomass. During last two decades, significant studies have been made at 

molecular level to know about the acid soil stress tolerance mechanisms which are 

controlled by several genes, transcription factors and transporters. A principal 

functional tool of plant Al
3+

 tolerance encompasses Al
3+

-induced stimulation of 

membrane transporters, which accelerates the organic acid release from the root 

region of plant (Kochian et al. 2005). Furthermore, the toxic Al
3+

 and the released 

organic acids form stable and nontoxic complexes in the rhizosphere. Meantime, 

several genes were isolated and characterized from the number of plant species to 

understand the acid soil tolerance mechanisms. Recent reports proved that Al-

activated AtALMT1-mediated malate efflux from the apical part of the root and Al-

activated AtMATE-mediated citrate efflux from the mature part of the roots are 

effectively involved in acid soil stress tolerance mechanisms. Therefore, the genes 

responsible for malate (ALMT1) and citrate (MATE) release are cloned and 

characterized from economically important crop plants (Sasaki et al. 2004; 

Magalhaes et al. 2007; Furukawa et al. 2007; Tiwari et al. 2014; Chen et al. 2018; 

Liu et al. 2016; Lu et al. 2018; Min et al. 2019; He et al. 2019).  Based on the above 

principles and mechanisms, in this present work, the citrate (GhMATE1) and malate 

(GhALMT1) transporter has been cloned and characterized in Cotton.  
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Like most of crop plants, Cotton plants are also sensitive to soil acidity and 

Al
3+

 stress, under hydroponics conditions; the Cotton seedlings exhibited weak 

phenotypes to low pH and Al
3+

 stress conditions by exhibiting retarded primary and 

secondary root growths and small cotyledons. Meanwhile, preliminary experiments 

proved that the acid soil condition (both low pH and high Al
3+

 stress), cause 

negative impact on Cotton root growth and whole plant development. With the 

above importance, this study is executed in the following chapter wise 

methodology.  

Chapter 1 

This chapter includes general introduction about soil acidity, Al stress tolerance 

mechanisms in plants, role of organic acids, Aluminum exclusion mechanisms, 

genetic engineering in plants to combat soil acidity and importance of Cotton. The 

aims and objectives of the present work are also envisaged in this chapter. 

Chapter 2 

This chapter deals with characterization of Cotton plants under low proton stress 

and Al stress which includes variations in root and shoot growth variation, cloning, 

sequence analysis and expression profile studies of GhALMT1 and GhMATE1. 

Chapter 3 

This chapter reports about development methodology of pBI121:35S:RNAi-

GhMATE1 vector and Agrobacterium-mediated pBI121:35S:RNAi-GhMATE1 gene 

transfer procedure by using embryo apex explant in Cotton. It also includes, 

development of transgenic Arabidopsis plants by using floral dip method with 

pBI121:35S:GhMATE1 vector. The details of Al and proton toxicity responses of the 

above two transgenics (GhMATE1-RNAi and GhMATE1-overexpression in 

Arabidopsis plants) will be presented in this chapter. 
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