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ABSTRACT 

 

Altering climatic conditions have exacerbated the incidence and intensity of drought 

events. Drought is one of major environmental stresses that shows apparent effect of plant 

growth and thereby impede agricultural productivity. It becomes indispensible to enhance 

productivity to feed the growing population. Hence, development of drought tolerant and 

high yielding varieties is need of the moment. Screening germplasm with several 

physiological, biochemical and molecular tools to identify genotypes having drought 

tolerance traits and also yield potential in a target environment is the first and foremost 

important step for successful breeding. Chilli (Capsicum annuum L.) is widely grown 

commercial and crop is highly prone to moisture stress attributable to its shallow root system. 

Hence identification drought tolerant genotype has become prerequisite. Also, developing 

tolerant varieties with higher yield potential is challenging task. Despite the significance of 

drought as a major limiting factor in yield performance in rainfed agriculture, less attention 

has been provided to develop high yielding drought tolerant varieties in chilli. Hence, the 

present study aimed at identifying drought tolerant genotypes and QTLs associated with 

drought tolerance in chilli.  

A total of twenty chilli genotypes viz., KCa-1, KCa-2, KCa-3, KCa-4, KCa-5, KCa-6, 

KCa-7, KCa-8, KCa-9, KCa-10, KCa-11, KCa-12, KCa-13, KCa-14, KCa-15, KCa-16, KCa-

17, KCa-18, KCa-19 and KCa-20 were screened for drought tolerance at the vegetative phase 

under three water regimes viz.,- 100% Field Capacity (FC), 60% FC and 40% FC for one 

week using gravimetric approach. Different drought tolerance traits namely, photosynthetic 

rate, stomatal conductance, transpiration rate, sub-stomatal CO2 concentration, water use 

efficiency, proline content, relative water content, chlorophyll content, cell membrane 

stability, malondialdehyde content and antioxidant enzyme activities (peroxidase, catalase 

and superoxide dismutase) were evaluated. Though both 60%FC and 40% FC had negative 

effect on the physiology of genotypes, the effect was more profound when plants were 

subjected to 40% FC (<0.0001). While a significant positive correlation (<0.0001) was 

observed between, photosynthetic rate, stomatal conductance and water use efficiency, a 

significant negative correlation (<0.0001) was revealed between photosynthetic rate and sub-
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stomatal CO2 concentration. Ion leakage revealed positive correlation (<0.0001) with 

malandialdehyde and negative correlation (<0.0001) with enzyme activities studied. 

Relatively higher rates of photosynthetic rate, stomatal conductance, proline content and 

relative water content in chilli genotypes under water deficit conditions provide evidence for 

superior drought adaptive strategies.  

Based on Principal Component Analysis between variables, genotypes and K-Means 

clustering, twenty genotypes segregated into three clusters namely, drought tolerant 

genotypes (KCa-1, KCa-3, KCa-13 and KCa-14), drought susceptible genotypes (KCa-19 

and KCa-20) and moderately tolerant genotypes (KCa-2, KCa-4, KCa-5, KCa-6, KCa-7, 

KCa-8, KCa-9, KCa-10, KCa-11, KCa-12, KCa-15, KCa-16, KCa-17 and KCa-18) 

genotypes. Based on yield under control and stressed conditions, several drought stress 

indices were evaluated. Further based on yield response under stress and non-stressed 

environments, genotypes KCa-1 and KCa-14 were grouped under group-A (relatively 

uniform performance in both non-stressed and stressed environments), group-B (high 

performance in non-stressed environments) contained KCa-3, KCa-4, KCa-5, KCa-6, KCa-7, 

KCa-8, KCa-11, KCa-12, KCa-13, KCa-15, KCa-16, KCa-19 and KCa-20. No genotype was 

clustered in Group-C (high performance in stressed environments).  Genotypes KCa-2, KCa-

9, KCa-10, KCa-17 and KCa-18 were grouped in Group- D (low performance in both 

non‐stressed and stressed environments). Identified drought tolerant genotypes can be used as 

parents in the drought tolerance breeding programs.  

 Aquaporin protein family comprises a large family of transmembrane protein 

channels which facilitate rapid movement of water and other small molecules of 

physiological implication. High numbers of AQPs in plants reveal their significant role in 

flow of water and solutes. Hot pepper is an extensively cultivated important horticultural 

crop. With the availability of Capsicum annuum genome sequence, it became straightforward 

to identify and characterize important genes that can be used as candidate genes. Hence, the 

present study aimed at harnessing available genome sequence for genome-wide 

identification, characterization and expression of Aquaporin (AQPs) gene family in 

Capsicum annuum (CaAQPs). A total of 50 AQP genes were identified using computational 

analysis of hot pepper genome. CaAQPs were clustered into five subfamilies viz., 11 
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NOD26-like (NIPs), 13 plasma membrane (PIPs), 22 Tonoplast (TIPs), two Small basic 

(SIPs) and two X-intrinsic (XIPs) AQPs. Hot pepper AQP gene structures were deduced and 

the in silico promoter analysis of CaAQP genes suggested diverse functions associated 

abiotic stress responsiveness. Domain and conserved motif analysis validated their identity as 

aquaporins. Analysis of key amino acid residues facilitated the assessment of the substrate 

specificity of each CaAQPs. Gene structure analysis revealed that the CaAQPs possess an 

exon-intron organization that is highly conserved within each subfamily. CaAQP loci were 

precisely mapped on chromosomes, indicating uneven and wide distribution of gene family 

on all twelve chromosomes of Capsicum annuum. Expression profiling of CaAQPs in chilli 

plants subjected to drought stress, revealed differential and tissue specific expression. 

Typical CO2 transporters were observed to be up-regulated in leaves and urea, ammonia 

transporters were found to be up-regulated in roots of drought tolerant genotype. Down-

regulation of most CaAQPs in susceptible genotype might be the reason for broken aqueous 

pathway and pathway for other solutes making it susceptible. These results provide a 

valuable reference for further exploration of the CaAQPs’ functions and applications for the 

genetic improvement of abiotic stress tolerance in chilli. 

Irrigation often becomes limiting factor as hot pepper cultivation is mainly restricted 

to warm and semiarid regions resulting in reduction of yield. Also, chilli plants are highly 

sensitive to water stress at vegetative phase in comparison to reproductive phase. Genetic 

mapping of drought responsive QTLs will help to develop cultivars suitable for drought 

prone environments through marker-assisted breeding. In the present investigation, 

quantitative trait loci for traits related to drought tolerance were mapped in F2 lines 

incorporating phenotypes of F3 progeny. A total of 189 markers were deployed for 

polymorphism detection between two parents KCa-1 and KCa-19 differing in drought 

tolerance and yield. Genotypic data was generated on 100 intra-specific F2 population using 

28 polymorphic markers. Phenotypic data for sub-stomatal CO2 concentration, water use 

efficiency, photosynthetic rate, transpiration, total chlorophyll content, stomatal conductance, 

proline content, ion leakage, relative water content, root length and root dry weight was 

generated from 100 F2:3 lines under drought conditions. All the 28 markers were grouped into 

four linkage groups. A total of three QTLs were detected and were consistent in both 

seasons. QTL for photosynthetic rate (qPR4.1) and QTL for relative water content (qRWC4.1) 
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were detected on chromosome four and a QTL controlling proline accumulation trait 

(qPRO1.1) was detected on chromosome one. In future, identified QTLs can be used in 

marker assisted backcross breeding for developing drought tolerant chilli varieties. QTLs, 

markers and genes associated with QTLs will be advantageous for molecular breeding for 

drought tolerance in Capsicum annuum improvement. 
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