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SUMMARY 

A better understanding of genetic and environmental factors affecting plant 

response to salt and drought stress is necessary in order to develop plants capable of 

producing economic yield under field conditions. Abiotic stress-modulated gene(s) in 

Hibiscus sabdariffa provides novel information which can be a new valuable addition in 

gene pool for improving crop productivity. The current study was performed to assess the 

effects of NaCl (50, 100, 150 and 200 mM) on Roselle (Hibiscus sabdariffa L.) under 

greenhouse condition in pots. Salt stress affected physiological and biochemical 

indicators such as relative water content, cell membrane stability, ion accumulation, 

chlorophyll content and gas exchange parameters were taken under consideration. Higher 

concentrations of NaCl resulted in significant reduction of plants fresh and dry biomass. 

Total chlorophyll contents were also decreased with the increased concentration of salt. 

Photosynthesis was found to be significantly repressed due to accumulation of Na
+
 which 

altered the overall Na
+
/K

-
 ratio. However, proline contents were estimated to be increased 

in salt stressed plants.  

Identification of the potential and novel transcripts responsible for salt and 

drought tolerance in Roselle, will contribute to understand the molecular mechanism of 

Roselle towards salt and drought stress. In this study, differential display (DDPCR) was 

used to measure overall differences in gene expression between salt and drought stress in 

comparison with control plants. By screening of treated samples with 99 sets of primer 

combinations, through DDPCR technique an up-regulation of 34 cDNA transcripts were 

identified. During reamplification and confirmation through quality control assays, 14 

cDNA transcripts were appeared to be false positive. The remaining 24 were gel purified, 
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reamplified, cloned and sequenced. The sequence obtained was subjected to NCBI 

database (BLASTX) for homology analysis. The BLASTX results revealed that three-

transcript showed significant homology with known genes. While 6 transcripts for 

drought stress also shows overexpression.  These findings have provided novel 

information about Roselle regarding to transcripts expression under salt and drought 

stress from roots. Real-time and semi-quantitative RT-PCR expression studies revealed 

significant over expression of transcripts 4 and 6  in roots under salt and drought stress  

respectively. While one of salt transcript was down regulated. Due to significant 

homology of transcript namely (salt Baha-cemb03) with MYB protein, it was further 

considered to identify full-length gene for salt stress. 

Full length sequence of identified RMYB gene revealed that it belongs to MYB 

protein with resemblance of conserved domain of SANT superfamily of plants. The gene 

comprises of a single Open Reading Frame (ORF) of 229 amino acids with no intron 

region. Predicted amino acid sequence of RMYB shares with Arabidopsis thaliana, 

Oryza sativa, Zea mays, Malus domestica, Ricinus communis respectively. The spatial 

expression of RMYB gene was carried out in leaf, stem and root tissues, by RT-PCR and 

quantitative real-time RT-PCR . The results revealed the high level of constitutive 

expression of genes in stem, leaves and roots, exclusively. The highest levels of salt-

inducible expression were found in the stem with lower expression in leaves and root 

respectively.  Expression analysis of RMYB gene was carried out under different abiotic 

stresses like salt, drought and cold, through RT-PCR and quantitative real-time analysis. 

Results demonstrated higher level of RMYB expression in drought and salt stress 

followed by cold stress. 
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Three Dimensions image of RMYB was predicted by in silico 3D homology 

modeling studies generated by using the I-TASSER server based on fold recognition 

method. Validation of 3D structure was done by Ramachandran plot and calculation was 

assessed by PROCHECK analysis for reliability. This predicted information will be 

useful for understanding salt tolerance mechanism and its use in protein engineering to 

develop salt tolerant plants. RMYB gene was cloned in plant expression vector, 

pCAMBIA-1301 under CaMV 35S promoter, with GUS reporter gene. The success of 

cloning was confirmed by digestion and sequencing transformation of RMYB gene in 

local cotton variety CIM 496 was done by using CEMB modified method of 

Agrobacterium mediated gene transformation. Integration of RMYB gene in cotton was 

confirmed through PCR by using gene specific primers.  
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INTRODUCTION 
 

Abiotic stresses such as drought and high salinity are the primary cause of losses 

of crop in arid and semi-arid regions, with a reduction of more than  50% in the average 

crop yield, particularly in developing countries (Bray et al., 2000). Salinity affects 

approximately 20% of the world's farmed area and nearly half of its irrigated land, which 

has become a serious hazard to agricultural production limiting plant growth and global 

productivity (Kranner et al., 2010b; Rengasamy, 2006; Sahi et al., 2006). (Lichtenthaler, 

1996) defined plant stress as ‘any unfavorable condition or substance that affects or 

blocks a plant’s metabolism, growth or development’, Strasser called it “a condition 

caused by factors that tend to alter an equilibrium”, and by Larcher defined it as ‘changes 

in physiology that occur when species are exposed to extraordinary unfavorable 

environments that need not represent a threat to life but will induce an alarm response 

(Gaspar et al., 2002; Rengasamy, 2006). (Kranner et al., 2010a). Plants are sessile 

organisms that are constantly challenged by a broad spectrum of biotic and abiotic 

stresses. These stresses causes significant damages in crop yields worldwide, while the 

demand for food and energy is on the rise. Understanding the molecular mechanisms 

driving stress responses is crucial to developing targeted strategies to engineer stress-

tolerant plants (Walley et al., 2007). 

Plant responses to many stresses are highly complex and involve changes at the 

transcriptome, cellular and physiological levels, and plants respond to multiple stresses 

differently than individual stresses (Atkinson and Urwin, 2012). The expansion of 

agricultural production in arid and semi-arid regions is faces two main problems, namely 

water scarcity and water salinity (Ismail and Almarshadi, 2013). Both drought and salt 

stresses cause reductions in soil water potential in rhizosphere and thereby prevent water 
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uptake (Bohnert and Sheveleva, 1998). Salinity inhibits plant growth as the result of 

osmotic and ionic effects and different plant species have developed different 

mechanisms in response (Munns, 2002). Salinity is a soil condition characterized by a 

high concentration of soluble salts in the soil, mostly chloride and sulfates of sodium, 

plant adaptation to salt stress require cellular ion homeostasis, which involves net 

intracellular sodium and chloride uptake and subsequent vacuolar compartmentalization 

without toxic ion accumulation in the cytosol. K
+
 can enter the cell through several low - 

and high-affinity potassium carriers (Brini and Masmoudi, 2012). Drought is one of most 

important environmental stress factors that affects crop growth and development 

worldwide. Drought or soil water deficit can be chronic in climatic regions with low 

water availability, with random and unpredictable changes in plant growth because of 

changing in weather conditions (Harb et al., 2010) 

Developing drought-tolerant crops would be the most promising and effective 

approach to improving agricultural productivity and water use efficiency against drought 

and water shortage (Lu et al., 2013). A huge number of records are available  online 

regarding gene gene expression alterations in response to drought, salt and other abiotic 

stresses (Ma et al., 2006; Shinozaki and Yamaguchi-Shinozaki, 2007). Roselle (Hibiscus 

sabdariffa  L.) is an important annual crop belonging to the family Malvaceae that grows 

well in tropical and sub-tropical climates (Cobley and Steele, 1976). Economically 

important part of the plant is the fleshy calyx (sepals) surrounding the fruit (capsules). 

Whole Roselle calyces are used in beverages: a colorful cold drink is prepared from dried 

calyces by soaking them in water, and a hot drink is made by boiling them in water 

Wilson and Menzel, (1964) described that H. sabdariffa  as a tetraploid (2n = 4x = 72), 

and its chromosomes are related to the diploid (2n = 2x = 36) Hibiscus cannabinus. The  

two botanical types of Roselle are Hibiscus sabdariffa  var. sabdariffa, grown for its 
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fleshy, shiny-red calyx, and Hibiscus sabdariffa var. altissima (Purseglove, 1974). Salt 

affects more than 800 million hectares of land worldwide (FAO, 2008). This quantity 

covers more than 6% of the world’s total land area (Munns and Tester, 2008a). It is 

important to identify the abiotic stress gene (s) in Roselle and investigate their role 

conditions. Through this strategy, we may be able to understand the molecular 

mechanisms of differentially expressed gene (s).  

Abiotic stress-tolerant genes can be identified by using the RNA differential 

display technique. Differential display technique is primarily based on reverse 

transcriptase polymerase chain reaction DDRT-PCR, as reported for the first time by 

(Liang and Pardee, 1992). DDRT-PCR has been used successfully by many individuals to 

isolate a number of  abiotic stress-differentially expressed genes from plants (Benito et 

al., 1996; Dunaeva and Adamska, 2001; Kuno et al., 2000; Lang et al., 2005; Maqbool et 

al., 2009; Maqbool et al., 2008; Tseng et al., 1995; Yang et al., 2009a; Zegzouti et al., 

1999). 

 Plentiful transcription factors from different plants play central roles in abiotic stress 

responses. Transcription factors acting as primary regulators have been regarded as a 

sustainable approach to modifying complex traits in crop plants (Century et al., 2008). 

The random amplicons that appear on the RNA display from one cell type but not 

others correspond to differentially expressed mRNAs.  These bands are excised from the 

gel and re amplified with the same primers used for the original display. The 

subsequently reamplified PCR product can then be cloned and sequenced for further 

analysis.  When confirmation of differential expression sequence is obtained, RACER 

gene can be used to isolate full-length cDNAs from appropriate cDNA libraries 

(Whitelaw et al., 2000). Differential display and rapid amplification of cDNA ends 
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(RACE) method were used in an attempt to identify gene from Hibiscus sabdariffa that 

are expressed during salt stress 

The aim of the present study is to isolate and identify differentially expressed 

Abiotic stress responsive gene from Roselle (Hibiscus sabdariffa L.) by differential 

display, to search for the full-length gene of transcripts from cDNA and genomic DNA, 

and to perform homology and phylogenetic analysis of the gene and expression studies of 

the identified gene under various abiotic stresses.  
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LITERATURE REVIEW 

2.1 Roselle plant 

Hibiscus sabdariffa L. (English name: Red Sorrel, Roselle; Arabic name: Karkade) 

belongs to family Malvaceae. It is an annual plant of 64-429 cm average height having 

more than 300 species with the basic chromosomal number x = 18 (4 n = 72) (Mohamed 

et al., 2012). It is originated in Sudan (Africa) growing mostly in tropical and semi-

tropical regions. Roselle is grown mainly for its fleshy calyx (sepals) which is a good 

source of natural antioxidants (anthocyanin and protocatechuic acid) that protect the 

membrane from damage by free radicals and lipid peroxidation (Ali et al., 2003). Roselle 

is used to cure a number of diseases such as high blood pressure, liver disorders, fever, 

urinary tract infection, muscular pain etc. (Herrera-Arellano et al., 2004). Other plant 

parts are used as raw material for various foods. 

In countryside accountability goes to women for caring and growing Roselle. The crop is 

valued by them for developing market products (McClintock, 2004). Roselle  is tetraploid 

i.e. 2n = 4x = 72, chromosomes of H. sabdariffa are associated with the diploid i.e. 2n = 

2x = 36, Hibiscus cannabinus reported by Wilson and Menzel, (1964). The  two distinct 

botanical varieties of Roselle are Hibiscus sabdariffa  var. sabdariffa, which is grown for 

its, shiny, fleshy red calyx, and second one is Hibiscus sabdariffa var. altissima 

(Purseglove, 1968) used for its fiber from phloem. In spite of its great economic 

importance, little attention has been given to karkade and lack of information is there 

regarding its genetics, breeding and production. 

Roselle is cultivated in several parts of Sudan, mostly in west (Darfur and Kordofan) 

States. Traditional farmers cultivate it as one of the cash crops under rainy conditions, 

where bulk quantities are produced both for export and local consumption. The total 

cultivated area was estimated at 290,000 feddans (around 121,800 ha) in 2000/2001 
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season as compared with 22,300 to 78,444 feddans (around. 9370–32,950 ha) in 1970s 

and 47998 to 59882 feddans (approx. 20,160–25,160 ha) in 1980s (Mohamed et al., 

2012). 

2.2 Salinity Stress and Salt Tolerance 

Globally, more than 20% of the arable land is threatened due to salt stress. Due to the 

increase in world population, deterioration of water resource management and worsening 

of environmental pollution: salinization of land is becoming more extensive and 

consequently delaying development of the agricultural economics (Li et al., 2011). Salt 

stress on of the main factors limit the crop yields causes effects on plant germination, 

vigour and yield (Munns and Tester, 2008b). 

Both natural processes and agricultural practices habits increased salinity of the arable 

land, is estimated to have a remarkable negative impact in the next decades on soil 

fertility, resulting in a high percentage land loss from center of the century. Most 

economically important crop species are extremely sensitive to high salt concentration in 

soil (Genga et al., 2011). 

Extreme salinity creates both hyper-ionic stress caused by the toxic effects of the 

accumulated ions and hyper-osmotic stress caused by water scarcity, due to reduced water 

potential. Plants are thus subjected to ion toxicity, dehydration, oxidative stress and 

nutritional deficiencies, with main negative effects being the disturbed ionic equilibrium, 

cell division and expansion inhibition, and reduced growth and photosynthesis. Plant 

acclimation responses include tissue tolerance and ion exclusion , osmotic regulation and 

different biochemical and molecular changes, with divergent and conserved metabolic 

responses amongst different species (Sanchez et al., 2008). Several mechanisms have 

been developed by plants to acclimatize to salinity. It is likely to differentiate three sorts 
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of plant response or tolerance: a) the tolerance to osmotic stress, b) the Na+ exclusion 

from leaf blades and c) tissue tolerance (Munns and Tester, 2008b). 

2.3 Plant Response to Salt Stress 

Plant Responses to salt stress is a complex fashion involving many functions and 

interactions of many genes, proteins, and metabolic and signaling pathways (Apse and 

Blumwald, 2002; Ashraf, 2009; Zhu, 2000). Salinity elevation is a critical environmental 

factor which adversely affects large areas of cultivated lands. Plant growth, metabolic and 

physiological processes are affected, which resulted in significant decrease in crop 

production (Magome et al., 2008; Zhang et al., 2009). High NaCl levels exposure not 

only affects plant water relationship but creates ionic stress also by accumulating Cl
-
 and, 

in particular, Na
+
 ions in cellular regions. Salt stress alters the homeostasis of other ions 

such as K
+
, Ca

2+
, and NO

3- 
(Loredana F et al., 2011a). Accumulation of salt can amend 

plant cell plasma membrane lipid and protein composition, which cause ion imbalance 

that leads to hyperosmotic stress and eventually upsets normal growth and vigour (Fujii 

and Zhu, 2009; López-Pérez et al., 2009).  

Salinity is a main issue facing agronomy and possesses a risk to life of the plant, and 

various plants have established different mechanisms to cope with this threat. Lignin 

accumulation or modification of the  monomeric composition of lignin in cell wall are the 

noteworthy mechanisms used by the plants to deal with salinity stress (Neves et al., 

2010). Previously, it was reported  also in the root of Brassica oleracea L. was lignified 

in salt stress (Fernandez-Garcia et al., 2009). Isolation and identification of many genes 

have been done as functional components in plant which response to salt stress, 

comprising  rice gene (OsLEA3-2)  plays an important role in drought and salt tolerance 

(Duan and Cai, 2012). 
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Plants have the ability to respond and sense environmental changes and adapt to such 

conditions (Matsui et al., 2008; Rensink et al., 2005). Gene expression rule is one of the 

main phenomena in plants by which they used to response and try to be adaptive to salt 

stress.  Interesting examples of such salt-induced gene regulation in plants is the salt-

induced activation of the phosphorylation/kinase cascade followed by activation of 

various transcription factors (Xiong et al., 2002). To re-establish cell homeostasis and 

normal functioning under salt-stress, the activated transcription factors regulate the 

expression of genes, which encode proteins contributing to salt tolerance, or the activity 

of enzymes, which are involved in pathways leading to the protection and repair of cells 

under salt stress (Flowers, 2004; Munns, 2005). Several membrane proteins controlled 

salt uptake and transport through the cell. Non-selective cation channels may allow the 

entry of Na
+
 into the cell (Demidchik et al., 2002) or through several low- or high-affinity 

K
+
 carriers. Interesting examples of the latter in Saccharomyces cerevisiae are the high-

affinity K
+
 transporter HKT1 mediating Na

+
 uptake (Uozumi et al., 2000) and the low-

affinity cation transporter LCTmediating Na
+
 transport across plasmamembrane in bread 

wheat (Triticum aestivum L.) (Amtmann et al., 2001; Schachtman et al., 1997). A high 

level of Na
+
 is toxic to all plant cells, even in halophytes (Glenn et al., 1999) and the 

restoration of high K
+
/Na

+
 ratio is necessary for the normal growth and development in 

most plant species. Plants maintain such a balance usually by any of three mechanisms: 1) 

Na
+ 

efflux through either Na
+
/H

+
 antiporters in plasma membranes (e.g., salt overly 

sensitive, SOS1 antiporter) (Zhu, 2001) , 2) vacuolar Na
+
/H

+
 antiporters for instance 

NHX1 (Blumwald et al., 2000; Yokoi et al., 2002), and 3) K
+
 retention in cells through 

differential functioning of high- and low-affinity K channels (Coskun et al., 2010; Cuin 

and Shabala, 2007).   
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2.4 Development of Salt-Tolerant Crops 

Main two methods have been suggested and implemented in agriculture to reduce the 

harmful effects of high soil/water salinity (Epstein et al., 1980). Traditional breeding 

programs for developing salt-tolerant crops have met with rather partial achievement, 

mainly due to the complication of the trait (Ashraf and Akram, 2009; Yamaguchi and 

Blumwald, 2005). Plants respond to salt stress by showing, quantitative, multifarious 

traits, included the functions of many genes and physiological mechanisms whose 

expression are affected by many environmental factors (Frova et al., 1998).  

The plant salt tolerance quantification imparts serious due to difficulties of direct 

selection is not always possible in field conditions, for the reason that unmanageable 

environmental factors harmfully affect the repeatability and precision of these trials 

(Richards, 1996). Additional, tolerance appears to be developmentally controlled, stage-

specific phenomenon; tolerance at one stage of plant development is not often correlated 

with tolerance on the other developmental stages (Foolad, 2004). Specific ontogenetic 

stages, including seed germination and emergence, seedling growth and survival , and 

vegetative growth and reproduction, may need to be analyzed separately for the 

estimation of salt tolerance and the identification, characterization and utilization of 

useful genetic components. Current advancement in molecular biology, genetic 

techniques, quantitative trait loci (QTLs) analysis and genetic mapping and genetic 

transformation have contributed significantly to a better understanding of the genetic, 

biochemical and physiological bases of plant salt tolerance, and have helped the 

development of plants having improved salt tolerance. Technology of molecular markers 

has permitted the identification, characterization, and comparison of quantitative trait loci 

with striking effects on plant salt tolerance during different stages of plant development 
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(Foolad, 1999; Foolad and Chen, 1999; Foolad et al., 1998; Forster et al., 1997; Mano 

and Takeda, 1997).  

 2.5 Osmotic tolerance 

Plants growth under salt stress is mostly restricted by osmotic effect of salinity, regardless 

of their aptitude to eliminate salt, that results in reduced stomatal conductance and growth 

rates (Fricke et al., 2004; James et al., 2008). Actually, osmotic tolerance includes the 

ability of plant to tolerate drought facet of salinity stress and maintainance stomatal 

conductance and leaf expansion (Rajendran et al., 2009). It was revealed that study of the 

genetic variation in osmotic stress tolerance on 50 worldwide durum varieties and 

landraces revealing a positive relationship between stomatal conductance, relative growth 

rate in salt stressed plants and higher stomatal conductance is interrelated to higher 

assimilation rate of CO2 (James et al., 2008). But if toxic concentrationsis achieved by 

salts accumulation, the death of old leaves occur (mostly old expanded leaves) and no 

more young leaves stay supported by export of photosynthates, undergoing growth 

reduction and production of new leaves. For this reason elevated osmotic tolerance 

includes an increased ability to continue production and growth of new and larger leaves, 

and higher stomatal conductance. The resulting enhanced leaf area would prove beneficial 

only for plants that have enough soil water, for instance in irrigated systems of food 

production where water supply is ensured, but might be unwanted in water-scarced 

systems (Munns and Tester, 2008b). While mechanisms involved in osmotic tolerance 

related to stomatal conductance, water availability and therefore to photosynthetic 

capacity to maintain carbon skeletons production to meet the cell's energy demands for 

growth have not been completely unraveled at the end,, it has been verified that the 

plant’s response to the osmotic stress in growth medium is autonomous of nutrient levels 

(Hu et al., 2007).  
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Initially, osmotic phase, which starts instantly after the increase in salt concentration 

around the roots to a threshold level which makes it tougher for the roots to dig up water, 

the shoot growth rate falls extensively. An instant response to this effect is stomatal 

closure that also mitigates ion flux to shoot. However, due to the water potential 

difference between the atmosphere and leaf cells and the carbon fixation need, this is an 

unsustainable long-term tolerance strategy  (Hasegawa et al., 2000). Probably to the salt-

induced osmotic stress, shoot growth is more sensitive than root growth because a 

reduction in leaf area development relative to root growth would minimize the water use 

by plant, thus allowing it to conserve soil moisture and prevent salt concentration in the 

soil (Munns and Tester, 2008a) . 

2.6 Stomatal Conductance and Photosynthesis 

The most striking and readily assessable response of the whole plant to salinity is 

reduction in stomatal aperture. Undoubtedly, stomatal responses are induced outside the 

roots by osmotic effect of the salt. Salinity directly affects stomatal conductance, firstly 

and transiently owing to disturbed water relations and shortly afterward owing to the local 

ABA synthesis (Fricke et al., 2004). A short-lived ABA boost detected within 10 minutes 

in the photosynthetic tissues by the addition of 100 mM NaCl to barley (Fricke et al., 

2004; Fricke et al., 2006); the elevation rapidity suggests in situ ABA synthesis rather 

than roots transport. However, a new reduced transpiration rate alleviates within hours 

(Fricke et al., 2006) while ABA tissue levels return to control concentrations (Fricke et 

al., 2004; Fricke et al., 2006). Common  stomatal response within plants in drying soil 

probably regulated the root signals (Davies et al., 2005), as confirmed by stomatal closure 

in salt-treated plants whose water status is kept elevated by implementing balance 

pressure (Termaat et al., 1985). Per unit leaf area, rates of photosynthesis are often 

unchanged in salt-treated plants, even though in reduced stomatal conductance (James et 

al., 2002). This contradiction is explained by the cell anatomy changes described above 
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that give rise to thicker, smaller leaves and result in a higher density of chloroplast per 

unit leaf area. On a unit chlorophyll basis, when photosynthesis is expressed, rather than a 

leaf area basis, a decline due to salinity can usually be measured. In whichever case, the 

leaf area reduction due to salinity means that photosynthesis per plant is always reduced 

(Munns and Tester, 2008a). 

2.7 Plant Genes and Abiotic Stresses   

Abiotic stress is one of the major reasons for crop loss in the world, by decreasing more 

than 50% of the average yields for most major crop plants However stresses are not 

essentially a problem for plants because of the developed efficient mechanisms to prevent 

the possible damages (Loredana F et al., 2011b). 

The type of stress determines the response of rapid change in environment and can 

include either adaptation mechanisms that allow resisting the adverse conditions, or 

specific growth habitus for avoiding stress conditions. In fact, abiotic stresses can be 

perceived by plants and elicit the desirable responses with changed metabolism, growth 

and development (Loredana F et al., 2011b). 

Responses of plants to various stresses are extremely complex and include changes at the 

transcriptomic, cellular, and physiological levels. New reports display that plants react to 

multiple stresses in a variety of ways from how they deal with individual stresses, 

activating a specific programme of gene expression related to the exact encountered 

environmental conditions (Atkinson and Urwin, 2012). 

2.8 Stress-inducible genes 

In nature, plants may encounter a wide variety of favorable or unfavorable biotic and 

abiotic factors during their life span. Stress in plants may cause by any of these factors; 

therefore, they need to be more adaptable to stressful environments and must attain better 
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response to different stresses. Changes in individual genes expression and stress induced 

proteins have been monitored under diverse conditions.(Borkotoky et al., 2013). 

Several drought-inducible genes are also induced by salt stress and cold, which proposes 

the existence of parallel stress responsive mechanisms. These inducible genes are 

categorized into three main groups: (1) those that encode products which directly guard 

plant cells against stresses like heat stress proteins (HSPs) or chaperones, LEA proteins 

such as rice full-length gene OsLEA3-2, antifreeze proteins, osmoprotectants, free-radical 

scavengers and detoxification enzymes (Bray et al., 2000; Duan and Cai, 2012; Wang et 

al., 2003); (2) transcriptional control, for instance Calcium-dependent protein kinase 

Mitogen-activated protein kinase (MAPK), , those which are included in signaling 

cascades (CDPK) (Ludwig et al., 2004) and phospholipases (Frank et al., 2000); (3) 

aquaporins and ion transporters which are playing part in ion and water uptake and 

transport (Blumwald, 2000). 

2.9 Role of transcriptional factor genes in abiotic stress 

Transcription factors (TFs) are the DNA domain proteins that bind to the cis-acting 

elements present in the target gene promoter. These TFs either induce (activators) or 

repress (repressors) the function of RNA polymerase, thus regulating the gene expression. 

According to their DNA-binding domain, TFs can be grouped into families (Riechmann 

et al., 2000). The existence or absence of target genes transcriptional regulators such as 

TFs, suppressors and activators often involves a entire cascade of signaling events 

determined by developmental stage tissue type, or environmental condition (Wyrick & 

Young, 2002). 

The characterization of MYB transcription factors is done by MYB repeats (R) presence 

that are involved in DNA-binding and protein-protein interactions (Feller et al., 2011). 

The largest group of plant MYB proteins are the R2R3-MYB proteins which include 

http://www.intechopen.com/books/abiotic-stress-in-plants-mechanisms-and-adaptations/plant-genes-for-abiotic-stress#B125
http://www.intechopen.com/books/abiotic-stress-in-plants-mechanisms-and-adaptations/plant-genes-for-abiotic-stress#B125
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hundreds of members all over the plant kingdom (Feller et al., 2011). Reports are also 

present for the involvement of MYB proteins in biotic and abiotic stress responses. A 

study in soybean showed that GmMYB76, GmMYB92, and GmMYB177 are activated 

by various abiotic stresses and overexpression of these transcription factors improved 

tolerance to freezing and salt stress in Arabidopsis (Liao et al., 2008). 

A large family of plant-specific transcription factors i.e. AP2/ERF family shares a well-

conserved DNA-binding domain. This specific transcription factor family consists of  

DRE-binding proteins (DREBs), which trigger the expression of abiotic stress-responsive 

genes via specific binding in their promoters to the dehydration-responsive element/C-

repeat (DRE/CRT) cis-acting element (Fig.2.1)  

 

Figure 2.1 Transcriptional regulation of osmotic stress‐responsive genes.  

DREB2 transcription factors are induced in osmotic stress which activates 

ABA‐independent transcription of stress responsive genes. The expression of 

stress‐responsive gene is regulated by ABA‐dependent pathways through MYC/MYB, 

CBF4 and bZIP‐type transcription factors that bind to the recognition sequences 

(MYB/C RS) of CRT/DRE, MYB/C and ABA Responsive Elements (ABRE) promoter 

elements, respectively. The signaling of ABA‐dependent abiotic stress is mediated in 

part through Ca
2+

 and IP3. FRY1 regulates IP3 levels negatively. Ca
2+

 signalling induced 

by ABA is regulated negatively by ABI1/2 protein phosphatase 2Cs and SCaBP5–PKS3 

complex (Chinnusamy et al., 2013). 
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2.10 ABA-independent pathway 

DREB/CBF are important transcription factors that bind to cis-acting elements 

responsive against drought stress. DREBs fit in ERF transcription factors family 

comprising of two subclasses, i.e. DREB2 and DREB1/CBF which are induced by 

dehydration and cold, respectively. Apparently in biotic stress signaling pathway, the 

DREBs are involved. In transgenic plants, it has been possible to engineer stress tolerance 

by manipulating DREBs expression. For developing stress tolerant crops, this opens an 

excellent opportunity for future (Agarwal et al., 2006). A sub-family of AP2/ethylene 

responsive element binding protein (EREBP) TFs is ERF proteins that are distinctive to 

plants. A conserved 58–59 amino acid domain is shared by ERF proteins (the ERF 

domain) that binds to cis-elements, the GCC box, found in numerous pathogens related 

(PR) gene promoters bestowing ethylene responsiveness (Gu et al., 2000). The expression 

of cold and dehydration responsive genes involves C-repeat CRT/dehydration responsive 

element (DRE) motif (Agarwal et al., 2006).  The huge induction of stress responsive –

NAC1 (SNAC1) gene expression in guard cells by drought reveals an effect in stomatal 

closure (Hu et al., 2006). It has also been accounted that transcriptional modulation plays 

an vital role in controlling activity of the guard cell. Lately, two TFs (MYB-type) were 

identified as stomatal movement regulators (Loredana F et al., 2011b). 

The promoter of high salinity, drought, and cold-inducible gene, RD29A/COR78/LTI78, 

consists of two main cis-acting elements, DRE (dehydration-responsive element)/CRT 

(C-RepeaT) and ABRE (ABA-responsive element), both are concerned with stress-

inducible gene expression (Yamaguchi-Shinozaki and Shinozaki, 1994; Yamaguchi-

Shinozaki and Shinozaki, 2005). In ABA-dependent and ABA-independent gene 

expression, ABRE and DRE/CRT are cis-acting elements that function in response to 

abiotic stress respectively (Fig. 2.2). 
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The ERF/AP2 family transcription factors were isolated and termed CBF/DREB1 and 

DREB2 that bind to these DRE/CRT elements (Yamaguchi-Shinozaki and Shinozaki, 

2005). A/GCCGAC is their conserved DNA-binding motif. In cold stress, the 

CBF/DREB1 genes are rapidly and transiently induced whose products activate the 

expression of target stress-inducible genes (Jaglo-Ottosen et al., 1998; Kasuga et al., 

1999; Liu et al., 1998). In transgenic plants, overexpression of CBF/DREB1 increased the 

stress tolerance to drought, salt stresses and freezing, suggesting the CBF/DREB1 

proteins role in the development of cold-stress tolerance without alteration (Liu et al., 

1998).  

About 6 signal transduction pathways exist in drought, high salinity, and cold-stress 

responses: 3 are ABA dependent and 3 are ABA independent. In the ABA-dependent 

pathway, ABRE functions as a major ABA-responsive element. AREB/ABFs are AP2 

transcription factors involved in this process. MYB2 and MYC2 function in ABA-

inducible gene expression of the RD22 gene. MYC2 also functions in JA-inducible gene 

expression. The RD26 NAC transcription factor is involved in ABA- and JA-responsive 

gene expression in stress responses. These MYC2 and NAC transcription factors may 

function in cross-talk during abiotic-stress and wound-stress responses. In one of the 

ABA-independent pathways, DRE is mainly involved in the regulation of genes not only 

by drought and salt but also by cold stress. DREB1/CBFs are involved in cold-responsive 

gene expression. DREB2s are important transcription factors in dehydration and high 

salinity stress-responsive gene expression. Another ABA-independent pathway is 

controlled by drought and salt, but not by cold. The NAC and HD-ZIP transcription 

Figure 2. 2 Networks of Transcriptional regulatory of abiotic stress signals and 

gene expression 
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factors are involved in ERD1 gene expression.(Shinozaki and Yamaguchi-Shinozaki, 

2007). 

2.11 ABA-dependent pathway 

MYB, homeodomain TFs and MYC, and a transcriptional repressors family (Cys2/His2-

type zinc-finger proteins) are also involved in ABA response to drought. From 

Arabidopsis, the drought-inducible gene expression responsive to Dehydration 22 (RD22) 

was reported to be induced by ABA. MYC (CANNTG) and MYB (C/TAACNA/G) cis-

element recognition sites are present in promoter region of RD22. MYC and MYB TFs 

only accumulate after an increase of ABA concentration. The enhanced sensitivity to 

ABA and drought tolerance is resulted due to the over-expression of these TFs (Abe et 

al., 2003).  

2.12 Role of Serine-threonine protein kinase in abiotic stress 

In several plants, mitogen-activated protein kinase (MAPK) induced by salt has been, for 

example, identified with SIMK that is activated by the MAPK kinase SIMKK from 

alfalfa, and in osmotic stress signaling, the involvement of MAPKs has been shown in A. 

thaliana and tobacco (Sanz, 2003; Slocombe et al., 2002). Both in seedlings and mature 

plants, SAPK4 improved germination, growth and vigor under salt stress. In rice, the 

SAPK4-overexpressing under salt stress gathered less Cl
- 
and Na

+ 
and exhibit enhanced 

photosynthesis (Diédhiou et al., 2008) 

2.13 Role of MYB transcription factors in plants 

Over 20 years ago, the first gene was identified encoding a transcription factor in plants; 

the COLORED1 (C1) locus was found in the aleurone of maize (Zea mays) kernels to 

encode a MYB domain protein required for the synthesis of anthocyanins (Paz-Ares et 

al., 1987). The first comprehensive classification and description of plant MYB genes  

provided by Arabidopsis genome sequence (Stracke et al., 2001). 
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The division of MYB proteins into different classes depends on the number of adjoining 

repeats (one, two, three or four; Fig. 2.3). R1, R2 and R3 are termed as the three repeats 

of prototypic MYB protein, c-Myb and other MYB proteins repeats are named according 

to their resemblance to R1, R2 or R3 of c-Myb. The entire four classes of MYB proteins 

are reported in plants, representing the taxon with the maximum range of MYB proteins. 

The 4R-MYB group is the smallest class, whose members hold four R1/R2-like repeats. 

In several plant genomes, a single 4R-MYB protein is encoded. In plants, little more is 

known of these proteins. The second class comprises of R1R2R3-typeMYB (3R-MYB) 

proteins which in higher plant genomes usually encoded by five genes. In most eukaryotic 

genomes, genes encoding 3R-MYB proteins have been found representing a conserved 

gene class with functions, albeit divergent, in cell cycle control (Haga et al., 2007; Ito, 

2005). 

 

Figure 2. 3 Plant MYB transcription factor classes 

 

 

 

Figure 2. 3  Plant MYB transcription factor classes. Depending on the number 

of adjacent MYB repeats (R). The primary and secondary structures of a typical 

R2R3-MYB are indicated. H, helix; T, turn; W, tryptophan; X, amino acid (X) 

(Dubos et al., 2010). 
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2.14 Role of MYB protein superfamily 

 MYB protein superfamily plays key roles in plants developmental processes and 

defense responses. Unique sixty wheat MYB genes were isolated containing full-length 

cDNA sequences (Zhang et al., 2011). v-MYB was the first identified MYB gene of avian 

myeloblastosis virus (AMV) (Klempnauer et al., 1982). MYB proteins of plants were 

categorized into three key groups: R1R2R3-MYB, with three adjacent repeats; R2R3-

MYB, with two adjacent repeats; and a heterogeneous group jointly termed as the MYB-

related proteins, which generally but not always include a single MYB repeat (Jin and 

Martin, 1999; Rosinski and Atchley, 1998; Stracke et al., 2001). In plant response to 

abiotic stress, OsMYB2 (R2R3-type MYB gene) is involved in cold, dehydration and salt 

tolerance in rice (Yang et al., 2012). From the grey mangrove , a MYB transcription 

factor is induced by stress and confers NaCl tolerance in tobacco (Ganesan et al., 2012b). 

(Yanhui et al., 2006) reported 163 genes expression profiles containing full-length open 

reading frames in Arabidopsis MYB superfamily. 

The domain of MYB typically comprise of 1 – 4 imperfect repeats (R0, R1, R2, 

and R3) and is highly conserved among yeasts, plants and animals. Each repeat includes 

50–53 amino acids approximately and encodes three α-helices and a helix–turn–helix 

(HTH) structure formed by second and third helices The HTH structure intercalates in the 

major groove when bound to DNA (Lipsick, 1996; Stracke et al., 2001) 

2.15 Methods to study gene identification 

2.15.1 Differential display  

Differential display described as efficient method which is required to identify and isolate 

differentially expressed genes in a variety of cells or under distorted conditions. A method 

to separate and clone individual messenger RNAs (mRNAs) is described in this report by 

means of polymerase chain reaction. The key aspect is to bring into play a set of 
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oligonucleotide primers, one being anchored to the polyadenylate tail of mRNAs subset, 

and the other being arbitrary and short in sequence so that it may anneal at diverse 

positions relative to the first primer. The pre-defined mRNA subpopulations by these 

primer pairs were then amplified after reverse transcription PCR and resolved on a gel. 

Reproducible patterns of amplified complementary DNA fragments were obtained by 

using multiple primer sets, that revealed strong reliance on sequence specificity of each 

primer (Liang and Pardee, 1992). DD-PCR based on reverse transcription using anchored 

and arbitrary primers followed by PCR. Through this method it may be possible to 

identify and isolate novel genes expressed under stress conditions. Several salt inducible 

genes have been identified by DD-PCR from different model plants  such as tomato 

(Tirajoh et al., 2005), rice (Li et al., 1999), barley (Ueda et al., 2002), Arabidopsis 

(Yoshiba et al., 2001), sunflower (Liu and Baird, 2004), wheat (Nemoto et al., 1999) and 

cotton (Shahid et al., 2012b). The DD-PCR method has been a powerful technique for 

isolating differentially expressed genes at different time intervals, and under different 

conditions. It may be applied to isolate rarely expressed or low abundance transcripts. 

However, the number of genes studied in a single experiment is very low, compared to 

the using of other high-throughput expression profiling techniques. Also, in order to 

quantificate the expression of a particular gene, the DD-PCR may be complemented with 

various quantitative approaches such as real-time PCR and northern blotting (Liu and 

Baird, 2004). 

2.15.2 Different Techniques 

Away from DDPCR, various techniques have been employed to study expression profiles 

of plants under different abiotic stresses. Although such techniques are not as high 

throughput as microarray analysis, they provide useful data and information on 

differential expression of genes. Microarrays have power to concurrently examine the 
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expression of thousands of targets, facilitating recognition of global expression patterns, 

in a high throughput manner. The comparison of expression patterns from different 

samples allows the association of traits with changes in gene expression, suggesting gene 

function (Chen et al., 2002). Among such techniques, PCR-based protocols offer the 

simplest approach for studying differential genes expression under varying levels of salt 

stress, various time intervals, different developmental stages, or in various plant tissues. 

The commonly used PCR-based techniques include reverse transcription (RT) PCR, 

differential display (DD) PCR, quantitative real time PCR (qPCR), PCR-based 

suppression subtractive hybridization, MPSS (Massive Parallel Signature Sequencing) 

and SAGE (Serial Analysis of Gene Expression) (Jamil et al., 2011). Another technique is 

subtractive hybridization, which is applied to determine differential expression among 

different samples. In this technique, first-strand cDNA is synthesized from the sample 

from which differentially expressed genes are to be isolated and hybridized with the first-

strand cDNA from control sample. The sequences common to both sources are 

hybridized, which are subsequently removed. The remaining pool containing the 

differentially expressed genes is used to make cDNA library for further study. A modified 

version of this technique, known as PCR-based suppression subtractive hybridization 

(Sahu and Shaw, 2009)  

2.16 Engineering of plants for abiotic stress-tolerance  

 One of the major limitations in modern agriculture is abiotic stress conditions. 

Although several genes have been identified which are associated with plant abiotic stress 

response(s) and used for generation of stress tolerant plants, the success is still limited in 

producing stress-tolerant crops. For the generation of stress tolerant crops, opportunities 

are being provided by new technologies. Biotechnological approaches that highlight the 

development of transgenic crops under circumstances that mimic the field situation and 
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focus on the plant reproductive stage will notably develop the opportunities for stress 

tolerant crops production (Reguera et al., 2012). 

To enhance the salt tolerance of economically important plants, several efforts have been 

undertaken by conventional plant breeding as well as by biotechnological advances 

(Carillo et al., 2011). To enhance plant stress tolerance, genetic engineering is intensively 

discovered, and several engineered plants have improved stress resistance phenotypes 

(Thompson et al., 2000; Xiao et al., 2009). Plant growth and development, which leads to 

productivity of crops is adversely affected and limited by salt stress. From different 

plants, a large number of salt stress responsive genes have been picked out (Li et al., 

2013). A new TaMYB33 gene of R2R3-type MYB transcription factor was identified 

from wheat (Triticum aestivum) (Qin et al., 2012).  

Plant salt tolerance increased in signalling pathways by overexpression of regulatory 

genes, such as  protein kinases (MAPK, CDPK) and transcription factors (DREB/CBF) 

(Chen et al., 2010). In several plants, the vacuolar Na
+
/H

+
 antiport overexpression has 

shown to improve salinity tolerance (Silva and Geros, 2009). The first confirmation 

showed that the AtNHX1 overexpression promoted sustained growth and development in 

soil watered with up to 200 mM NaCl in Arabidopsis plants (Apse et al., 1999).  

Although current evidences show that salt tolerance is not significantly improved in 

transgenic Arabidopsis as compared to that of control plants (Yang et al., 2009b). Besides 

transgenic plants of tomato overexpressing AtNHX1 were growing, flowering and 

producing fruit in 200 mM NaCl presence (Zhang and Blumwald, 2001; Zhang et al., 

2001). Also higher salt tolerance is exhibited by transgenic plants of tobacco 

overexpressing GhNHX1 cloned from cotton and  transgenic rice overexpressing the 

Na
+
/H

+
 antiporter gene cloned from OsNHX1 (Fukuda et al., 2004; Wu et al., 2004). By 

introgressing Nax genes into hexaploid bread wheat (Triticum aestivum) from Triticum 
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monococcum, 60% Na
+
 concentration was reduced in the leaf blade and the stored Na

+
 

proportion was increased in leaf sheaths. The results suggested that in bread wheat, Nax 

genes have the great potential to improve the salt tolerance (James et al., 2011).  

2.17 Agrobacterium -Mediated Transformation  

  Transgenic technology is a powerful technique for plant yield improvement, quality, and 

tolerance to abiotic and biotic stress as well for fundamental basic research, such as 

investigating the gene function (Zhang, 2013). There are several techniques and methods 

that can be applied for foreign genes transfer into plant cells, which include  

Agrobacterium-mediated transformation, particle bombardment (gene gun) with DNA-

coated microprojectiles, electroporation, pollen tube pathway, and PEG treatment of 

protoplasts (Gelvin, 2003a). Agrobacterium -mediated transformation is a traditional 

method commonly used for inserting foreign genes into plant genome and generating 

transgenic plants. Plant Crown Gall disease is a common disease of many woody plants 

and some herbaceous plants, which is caused by the Agrobacterium tumefaciens. It is a 

gram-negative bacterium which is soil borne. It causes the crown gall disease in dicots via 

a unique DNA transfer mechanism and the transferred DNA (T-DNA) integration into 

host-plant genome. This unique feature has established Agrobacterium tumefaciens as a 

Nature’s own genetic engineer. Crown gall formation depends on the presence of a 

plasmid known as Ti (Tumour inducing) plasmid. Ti plasmids include one or multiple T-

regions which are defined by T-DNA border sequences (part of the Ti plasmid, called T-

DNA) then transfers into plant genome and then causes plant tumor. The border 

sequences serve as the target for the VirD1/ VirD2 endonuclease and for VirD2 protein, 

also serve as the attachment site. T-DNA is a part of Ti plasmid which is actually 

transferred into the plant cell from the bacterium where is stay integrated into the plant 

genome. T-DNA carries genes that encode proteins involved in hormone (auxin and 
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cytokinin) biosynthesis and biosynthesis of novel plant metabolites called opines and 

agropines (Fig 2.3). The production of auxin and cytokinin causes the plant cell to 

proliferate and so form the gall. These proliferating cells also produce opine and 

agropines which are used by Agrobacterium as its sole carbon and energy source (Basnet, 

2012; Birch, 1997).  

Genetic engineering in plants has trigger great attention for developing modern 

technology for crop improvement. Several transgenic plants have been produced 

successfully with noteworthy results such as resistance to pests, chemicals, and diseases 

(Shah et al., 1995). The success of any protocol for genetic transformation is dependent 

on three steps such as establishment of an inoculation system, regeneration system for 

reproducible shoot, and the transformed shoot selection method (Hamama et al., 2011). 

Protocols for agrobacterium-mediated transformation fluctuate from one plant species to 

another, within species and from cultivar to cultivar (De La Riva et al., 1998). 

Agrobacterium-mediated transformation has significant advantages above direct 

transformation method as the copy number of transgene is reduced, potentially leading to 

fewer constructs with cosuppression and instability of transgene (Hansen et al., 1997). 

Agrobacterium-mediated transformation is the single-cell system for transformation 

which has been used more frequently compared to direct transformation (Gil et al., 1998). 
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This model depicts the various steps in the transformation process, including those 

occurring within the bacterium (perception of phenolic and sugar signals from wounded 

plant cells, virulence gene induction, T-strand processing from the Ti-plasmid and the 

subsequent export of the processed T-strand and Virulence proteins) and those involving 

the plant cell (bacterial attachment, T-strand and Virulence protein transfer, cytoplasmic 

trafficking and nuclear targeting of the T-complex, and T-DNA integration into the plant 

genome). VIP1 is hypothesized to influence events in the plant cytoplasm, whereas 

histone H2A-1 influences events within the nucleus (Gelvin, 2003b) 

 

 

 

Figure 2. 4 Model for the process of Agrobacterium-mediated transformation 
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MATERIALS AND METHODS 

3.1 Plant material, Stress treatment for salt and RNA sampling  

 Roselle (Hibiscus sabdariffa L. cv. Bulk Rahad) seeds were grown in plastic 

pots (25 × 30 cm). Plants were saved in a greenhouse at 30±2°C and a light intensity of 

250-300 µmol m
-2

 s
-1

 (Fig. 3.1). After two weeks from germination, plants were exposed 

to NaCl stress at 50, 100, 150 and 200 mM treatments. Plants grown without NaCl were 

used as control. To avoid the osmotic stress, salt application was increased gradually. The 

growth parameters were measured after 25 days of NaCl treatment for each parameter 

was analyzed in triplicate. A concentrated NaCl treatment was given to the seedlings to 

their molecular responses to salt stress. 

For the comparative study of the plants in responses to drought stress, 30-days-old 

seedlings (Fig. 3.2)  were kept without water for 15 days (Maqbool et al., 2008). Roselle 

roots were collected from salt and drought stressed and control plants, grinded in liquid 

N2 and stored in – 80ºC until used for RNA extraction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. 1 Response of Roselle (Hibiscus sabdariffa L. cv. Bulk Rahad)) seedlings 

grown under different NaCl concentrations 

Figure 3.1 Response of Roselle (Hibiscus sabdariffa L. cv. Bulk Rahad)) seedlings 

grown under different NaCl concentrations 
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3.2 Growth Conditions and Salt Parameters  

3.2.1 Biomass analysis 

Plants were carefully uprooted and roots were washed with double distilled water 

(ddH2O), and water was removed by keeping the plants on a filter paper. Shoot and root 

portions were separated. The fresh weight (FW) of each shoot and root was measured 

with an electronic weighing balance (mg plant
-1

). according to Turner, (1988) shoots and 

roots were wrapped in brown paper and dried at 80
o
C for 24 h. Dry weight (DW) was 

recorded for each shoot and root (mg plant
-1

). 

3.3 Root/Shoot Ratio 

The root to shoot ratio was computed on the basis of the dry weight of each seedling 

recorded as described above.  

Figure 3.2 Response of Roselle (Hibiscus sabdariffa L. cv. Bulk Rahad)) 

seedlings grown under drought concentrations 
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3.4 Leaf Relative Water Content 

Leaf relative water content (LRWC) was measured as mentioned The fresh weight (FW) 

of young developed leaves from both stressed and control plants were determined. Leaves 

were immersed in autoclaved water for 24 h and weighed them to determine the turgor 

weigh (TW). After that leaves were oven dried for 24 h at 80˚C and (DW) was measured 

(Barrs and Weatherley, 1962) with slight modifications. And LRWC was determined by 

the following formula: 

LRWC = (FW-DW) x 100/(TW-DW) 

3.4 Cell membrane stability (CMS) 

Cell Membrane Stability was studied  in leaf tissues as described by Sullivan, (1972). A 

fully expanded young leaf was cut into 1cm
2
 discs and 0.5 g of the same leaf were placed 

into test tubes containing 20 ml of deionized distilled water, vortexes for 3 sec and the 

initial electrical conductivity (EC0) was measured. The samples were then incubated at 

4°C for 24 h and electrical conductivity (EC1) was measured. The samples were then 

autoclaved at 120°C for 15 min and cooled to room temperature, and electrical 

conductivity (EC2) was measured. The CMS was calculated followed by formula: 

CMS (%) = (EC1 – EC0)/ (EC2 – EC0) x 100 

3.5 Ion content determination 

Na
+
, K

+
 and Cl

-
 ion contents were determined by following the procedure of (Ryan et al., 

2001) with minor changes. One gram of dried leaf material was digested with 10 ml (w/v) 

of analytical grade nitric and perchloric acid mixture (HNO3:HClO4, 2:1 v/v) in a 100 ml 

Pyrex digestion tube kept in a block-digestor at 150-235°C until a clear colorless solution 

appeared, and then tubes were allowed to cool. A flame photometer with an acetylene 
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burner was used for the determination of Na
+
 and K

+
 in the digested material. Chloride 

concentration was determined by silver nitrate titration (Johnson and Ulrich, 1959). 10 

mL of digested sample added with 5 drops of 1% potassium chromate solution was 

titrated against silver nitrate (0.05 N) until a permanent reddish-brown color appeared. 

Ion estimation was computed by using the following formulas: 

                                   Na
+
 or K

+
 = ppm in extract - blank x A/DW 

Where blank represent the reading of the acid mixture without leaf sample, and A is the 

total volume of the extract (ml) Cl
-
 = volume of AgNO3 x normality of AgNO3 x 

1000/sample volume 

3.6 Infra-Red Gas Analyser (IRGA) 

Gas exchange parameters such as net photosynthesis rate, transpiration rate, stomatal 

conductance and chlorophyll fluorescence ratio (Fv/Fm) were measured with a handheld 

infra-red gas analyser (IRGA) gas exchange system (CI-340 Bioscientific Ltd., UK) as 

described by (Akram et al., 2011).  

3.7 Water related attributes 

Leaf water potential (WP) was measured with a pressure chamber (Plant Water Status 

Console Model 3005-1412, Soil Moisture Equipment  Corp., Goleta, California, USA) as 

described by (Mao et al., 2010). After determination of WP leaves were kept at -20°C for 

30 min. Leaf sap was extracted from frozen leaves by pressing them with a glass rod. The 

sap was used directly to measure the osmotic potential (OP) by a computerized 

osmometer (Multi-Osmette 2430, Precision Systems, Natick, MA, USA). The leaf turgor 

potential (TP) was estimated as the difference between OP and WP (Mao et al., 2010). 
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3.8 Chlorophyll content 

The photosynthetic pigments (total chlorophyll) were determined according to the 

procedure of (Arnon et al., 1956). Extracted chlorophyll was prepared by grinding 100 

mg of fresh leaves with 10 ml of 80% acetone. The homogenate was kept overnight in the 

dark at room temperature. Absorbance of extracts was read for chlorophyll a and 

chlorophyll b respectively at 663 nm and 645 nm. The concentration of chlorophyll a, b 

and total chlorophyll was calculated using the following equations: 

Chlorophyll a (mg g
-1

FW) = 0.0127 (OD663) - 0.00269 (OD645) 

Chlorophyll b (mg g
-1

FW) = 0.229 (OD645) - 0.00488 (OD663) 

Total chlorophyll (mg g
-1

FW) = chlorophyll a + chlorophyll b 

3.9 Proline content 

To estimate proline content method of (Bates et al., 1973) was followed. Fresh leaves (0.5 

g) were homogenized in 10 ml of 3% (w/v) sulfosalicylic acid and filtered through a 

double layered filter paper. 2 mL of the filtrate and 2 mL (v/v) each of acid ninhydrin 

reagent and glacial acetic acid (absolute analytical grade) were put into a test tube and 

placed in boiling water for 1 h. The reaction was terminated by keeping the tubes on ice. 

Toluene (analytical grade) (4 mL) was added in each tube with vigorous shaking and then 

the coloured toluene fraction was separated and measured at 520 nm in a 

spectrophotometer (Spectra Max Plus, Molecular Devices, USA). A blank containing all 

the reactants except the leaf extract was prepared. A standard curve was drawn using a 

well-known concentration from pure proline, and sample values were expressed as µg g
-1

 

FW. 
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3.10 Statistical analysis 

 The experiment was arranged in a completely randomized design with three replicates. 

Analysis of variance (ANOVA) was performed via IPM SPSS.20 computer software 

package. Means were compared by Duncan’s Multiple Range test. 

3.11 RNA Isolation from root 

 Treated plants were subjected to RNA isolation along with non-treated (Control 

Plants). (Muoki et al., 2011) method of RNA isolation was used with some modifications. 

The Roots of Roselle plant were grinded to fine powder in chilled mortar and pestle using 

liquid nitrogen. One gram of fresh roots was pulverized to very fine powder in the 

presence of liquid nitrogen. Then 10mL of pre heated 65°C extraction buffer I (Appendix-

I) was added and, vortex the tube briefly and incubation was done at 65C for 15 min, 

followed by shaking. Equal volume of CIA (24:1) was added, vortex briefly and 

centrifuged at 13000 rpm for 10 min at room temperature. The supernatant transferred to 

a fresh micro centrifuge tube. Equal volume of CIA (24:1) was added to supernatant. 

Supernatant was transferred to another micro centrifuge tube. 400ul of extraction buffer II 

was (Appendix-I) added to the above supernatant and vortexed briefly, 150ul of 

Chloroform was added to the tube, vortexed briefly and hit for 10 min at room 

temperature. Centrifuged at 13,000 rpm for 10 min at 4ºC. Upper aqueous phase 

transferred into fresh tube (avoid contamination with interphase). 0.6 volume of 

isopropanol was added and vortex briefly. Incubated for 10 min at room temperature, 

Centrifuged at 13,000 rpm for 10 min at 4ºC and supernatant discarded,   RNA pellet 

washed with 70% ethanol followed by air drying at room temperature.  Pellet was 

dissolved in an appropriate volume of DEPC-treated autoclaved water and stored at -

80ºC, until not used. 
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3.12 Agarose Gel Electrophoresis 

Agarose gel electrophoresis was used to check integrity of total RNA. 0.9% 

Agarose gel was prepared in 0.5X TAE buffer (Appendix-2). Ethidium bromide (0.5-

1μg/mL) was added for visualization. Gel was run at 70 -80V for 30-40 min and 

visualized with help of Gel documentation system using program Grabit UVP Upland, 

CA 91786 U.S.A. 

3.13 Quantification of Total RNA   

To quantify the RNA concentration Nanodrop, ND-1000 spectrophotometer 

(NanoDrop Technologies, Inc) was used, using the Nucleic acid program. 2µL DEPC 

treated deionized water was used as blank. 1µL of total RNA was measured absorbance 

and results were taken at A260/280 and A260/230 ratios. A260/A280 showed ratio b/w 

(1.8-2.0) which was indicated the purity of intact RNA.  

3.14 DNase Treatment 

The DNA contamination from isolated RNA was removed with the help of 

SIGMA AMPD1-1KT Dnase 1, Kit was used according to manufacturer’s protocol. Add 

to an RNase-free PCR tube: RNA in 8µL nuclease free water, 1µL of 10X reaction buffer, 

1µL of Amplification Grade DNase1 (1U/µL) was added. Samples were mixed gently 

and incubated for 15min at room temperature. After that 1µL of stop solution was added 

to bind calcium and magnesium ions and to inactivate the Dnase1 and heated at 70°C for 

10 min to denature both DNase1 and RNA at that moment chilled on ice. 

3.15 cDNA Synthesis 

cDNA was performed using cDNA synthesis kit (Thermo Scientific Fermentas). 

For cDNA synthesis the following reagents were used.  

DNase treated RNA                                            2μg 

Anchored oligo dt primers (20 μM)        1µL 

DEPC-treated water (up to)                               12µL 
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Reaction mixture was incubated thermocycler at 70ºC for 5 min and quickly 

chilled by placing on ice. Then 4µL of 5X reaction buffer, 1µL of ribonuclease inhibitor  

(20U/µL) and 2µL of 10mM dNTPs mix was added and incubated at 37ºC for 5 min. 

Finally 1µL of H minus M-MULV reverse transcriptase (200U/µL) was added and 

mixture was incubated at 42ºC for 60 min. The reaction was stopped by heating at 70ºC 

for 10 min. 

3.16 Differential Display PCR 

To perform differential display of mRNA (Liang and Pardee, 1992) method was 

used with some changes. Primers used in differential display PCR are given in (Tables 

3.1). A DDRT-PCR reaction was performed in a 25 µL volume containing 0.5 µL of Taq 

Polymerase (Invitrogen), 1 µL of arbitrary primer, 1 µL of anchored primer, 0.05 mM 

dNTPs, 2.5 µL of 10× PCR buffer, 1 µL of cDNA, and 1 µL of MgCl2. The cycling 

conditions were as follows: an initial denaturation at 95ºC  for 2 min followed by 35 

cycles of denaturation at 95 ºC for 45 s, annealing at 42 ºC for 1.30 min, extension at 72 

ºC for 45 s, and a final elongation step at 72 ºC for 10 min (Appendix-3). Following 

thermocycler was used to carry out amplification (Fig. 3.3).  

 

Figure 3.2 Thermocycling profile for the amplification of differential display PCR 
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Table 3.1  Primer sequences used for the confirmation of differentially displayed 

products with quantitative RT-PCR 

Arbitrary  sequence primers Anchored   sequence primers 

P1  5'ATTAACCCTCACTAAATGCTGGGGA-3' T1 5'-CATTATGCTGAGT-GATATCTTTTTTTTTAA-3 

P2 5'-ATTAACCCTCACTAAATCGGTCATAG-3' T2 5'-CATTATGCTGAGTGATATCTTTTTTTTTAC-3' 

P3 5'-ATTAACCCTCACTAAATGCTGGTGG-3' T3 5'-CATTATGCTGAGTGATATCTTTTTTTTTAG-3' 

P4 5'-ATTAACCCTCACTAAATGCTGGTAG-3' T4 5'-CATTATGCTGAGTGATATCTTTTTTTTTCA-3' 

P5 5'-ATTAACCCTCACTAAAGATCTGACTG-3' T5 5'-CATTATGCTGAGTGATATCTTTTTTTTTCC-3' 

P6 5'-ATTAACCCTCACTAAATGCTGGGTG-3' T6 5'-CATTATGCTGAGTGATATCTTTTTTTTTCG-3' 

P7 5'-ATTAACCCTCACTAAATGCTGTATG-3' T7 5'-CATTATGCTGAGTGATATCTTTTTTTTTGA-3' 

P8 5'-ATTAACCCTCACTAAATGGAGCTGG-3' T8 5'-CATTATGCTGAGTGATATCTTTTTTTTTGC-3' 

P9 5'-ATTAACCCTCACTAAATGTGGCAGG-3' T9 5'-CATTATGCTGAGTGATATCTTTTTTTTTGG-3' 

  B1 5'-AAGCTTTTTTTTTTTTTA-3' 

  B2 5'-AAGCTTTTTTTTTTTTTG-3' 

 

3.17 Polyacrylamide Gel Electrophoresis (PAGE) 

The 10µL PCR products were separated vertically on denaturing 16% polyacrylamide 

gels with 5× TBE buffer at 180 V for 150 min and stained with silver (Bassam et al., 

1991). A 100bp DNA ladder was used to estimate gene sizes in base pairs (bp). DNA 

bands were developed with silver staining. 

3.17.1 Washing of Glass Plates 

For running the gel two glass plates were used; the measurement of larger glass 

plate was (11.43cm X 19.9cm) while that of smaller glass plate was (10.5cm X 19.9cm). 
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Glass plates were cleaned thoroughly from both sides twice with 95% ethanol and with 

deionized water using tissues. 

3.17.2 Binding Solution  

To prepare fresh binding solution was prepared by 1.5 μL of bind saline added to 

500 μL of 0.5% acetic acid in 95% ethanol in a 1.5 mL tube (Appendix-4).  Whole 

surface of the small gel plate was wiped by tissue saturated with solution.  After 3 min 

binding solution dried, the gel plate was wiped 3-4 times with 95% ethanol and tissues to 

remove the extra bind saline. Large plate was washed with autoclaved water once. 

3.17.3 Binding of glass plates 

The glass plates were assembled by placing the side spacers to plates. Small plate 

was laid over the large plate on spacer strips, with salinized surface to inner side. Sides 

and the bottom of the plates were sealed with gel sealing tape. Entire sides were clamped 

with building clips to prevent leakage. 

3.17.4 Preparation of Polyacrylamide solution 

Amount of 40% acrylamide gel solution (Appendix 4) was prepared in the 

following manner: 16.8 g urea, 2 mL 10X TBE buffer, and 7.5 mL 40% acrylamide: is 

(19:1) was combined.  By using dH2O complete volume of the solution till 35 mL. Put the 

beaker in a hot magnetic stirrer till solution dissolved.   

3.17.5 Gel Pouring 

After urea was dissolved, solution was filled up to a final volume of 40 mL with 

dH2O. 250μL of 10% ammonium persulfate (APS) was added to the 40% acrylamide 

solution. 25µL of TEMED was added to the gel solution and gently mixed. Care should 

be taken that no bubbles were formed in it. The gel solution was poured by filing the 

plates at an angle 30°` from a corner with the help of pipette filler. It was made sure that 

no bubbles were formed in the gel between plates. After filling gel, comb teeth were 

inserted at the free end of the plates. Remaining gel solution was poured into a glass 
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beaker as a positive control for polymerization. Gel was kept to polymerize for 45-60 

minutes.  

3.17.6 Gel Pre-run 

After gel was polymerized clips and gel sealing tape was removed and the plates were 

moved inside electrophoresis chamber. Leakage was checked and 0.5X TBE buffer was 

poured into the buffer tank. Comb was removed very carefully so that no wells were 

damaged. Wells were thoroughly washed with 0.5X TBE present in the buffer tank with 

the help of a jet (syringe) to remove excess urea.  Apparatus wires were submerged at 

both ends. 5µL of loading buffer was added in each of the washed well and run it before 

the running of actual samples till gel warming. 

3.17.7 Sample Loading 

After pre-running of the gel, wells were again washed with TBE using needle. Samples 

were denatured at 90°C for 2 min and directly chilled and loaded in the wells using 

microsyringe. Syringe was cleaned for each sample loaded with buffer from top chamber. 

Gel was run at 180 volt after running plates were dismounted from the buffer tank and 

small plate was separated from the large plate by carefully lifting the spacers. The gel was 

affixed strongly to the small gel plate. 

3.17.8.1 Fixing 

For fixing PAGE gel 8% acetic acid solution (500mL) was prepared (Appendix-4), When 

the migration of the band on the gel has been completed, the gels were placed in the 

fixation solution (40% ethanol, 10% glacial acetic acid) for 20 minutes. Then the gel 

washed three times with distilled water and stained with the staining solution. 
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3.17.8.2 Silver Staining 

An amount of 0.5 g of AgNO3 was used and mixed in 0.5 L of water. Gel was 

placed into the silver nitrate solution for 25 minutes in a covered steel tray. 

3.17.8.3 Washing 

After fixation the gel was washed with water by shaking the water dipped gel tray 

constantly for 2 min. Two washings were given for 2 and 5 minutes respectively. 

3.17.8.4 Developing 

Before developing gel was washed one time with water by constant shaking for 20 

seconds, after that developing solution added. 15g of NaOH was mixed in one litre water 

at the time of making of stain solution and left at 4°C for 40-50 minutes. After NaOH 

solution was taken out of 4°C 5mL formaldehyde, 400µL sodium thiosulfate (10mg/mL) 

was added in it. After 20 sec washed with water NaOH solution was poured into the steel 

tray containing the gel. Tray was constantly shaken until the stained DNA fragments were 

slightly visible. At the first appearance of the bands NaOH solution from the tray was 

discarded and new NaOH solution was added. This process was repeated until the bands 

were clearly visible. Then developing solution was discarded and gel was soaked in 

Fix/Stop solution (8%acetic acid) for 5min and then air-dried. Photograph of the gel was 

taken after being dried on the white light gel documentation system using program Grabit 

UVP Upland, CA 91786 U.S.A. 

3.18 Differentially Expressed Transcripts 

DNA fragments that consistently appeared in salt and drought stressed samples but not in 

control were isolated and purified from agarose gels using the GF-1 Gel DNA Recovery 

Kit (GF-1). The samples were separated by electrophoresis in a 0.8 % agarose gel in 

0.5xTAE containing 0.5 µg/mL ethidium bromide. The DNA bands were excised from 

gel and placed in a 1.5 mL eppendorff tube.  The gel was weighed and buffer GB was 
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added to the tube. The tube was incubated at 50°C to dissolve the gel.   After the gel was 

completely dissolved, the sample was applied to a GF-1 spin column, which was placed 

in a 2 mL collection tube, and centrifuged at 10,000xg for 1 minute.  The flow-through 

was discarded and the column was putted back in the collection tube. The column was 

then washed by applying  750  µL  of wash Buffer  followed  by  centrifugation  at  

10,000xg  for  1 minute. The flow-through was discarded and the column was centrifuged 

at 10,000×g for an additional minute to remove any traces of the wash solution.   The 

column was then placed into new 1.5 mL eppendorff tube.   To elute  the DNA 30 µL  of  

elution buffer was added  to  the center  of  the  column,  then incubated  at  room  

temperature  for  2  minute  and  centrifuged  at 10,000×g for 1 minute. Eluted product 

was reamplified 25µL PCR reaction mix by the same primers that generated the 

differential display product. 

Quality control without cDNA template for each reamplified band was conducted 

to monitor availability of contamination which can be occurring during subsequent PCR. 

Reamplified PCR products were separated on 2% agarose gel. Bands were cut and eluted 

from gel using above mentioned kit. 

3.18.1 TA Cloning of the Eluted DNA 

Eluted PCR products were cloned into PCR 2.1 vector according to the 

manufacture protocol mentioned in TA cloning kit (Invitrogen, Cat # K 4500-01).  

3.18.2 Ligation of Insert in TA Vector 

The eluted DNA insert was added into TA vector solution. The reagents that were used 

for ligation are mentioned in (Table 3.2). 
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                                   Table 3. 2 Reaction mix for TA Ligation 

Reagents Required 

Template 20-50ng 

PCR 2.1 vector 50ng 

10X Ligation buffer 1µL 

Ligase 1µL (4.0 Weiss units) 

Total volume 10µL 

 

The samples were incubated at thermocycler for overnight at 14C 

3.18.3 Transformation of TA in E. coli 

E. coli Top10 strain was used for various plasmid and ligation mixture 

transformations. E. coli strains (TOP10) were prepared for high efficiency transformation. 

A single colony from overnight grown LB plate was inoculated into 3mL of LB broth 

(Appendix-5) in a 15mL culture tube and incubated with vigorous shaking at 37ºC 

overnight. One mL of overnight grown culture was diluted in 500 mL of SOB medium 

(Appendix-6) in a 2 liter flask and incubated for 2-3 hours with vigorous shaking at 37ºC 

until O.D. was 0.8 at 595nm. Cells were harvested by centrifugation at room temperature 

and pellet was washed twice by resuspending in ice cold 10% sterile glycerol solution. 

The cell pellet was then resuspended in 1mL of 10% sterile glycerol. Cells were aliquoted 

in 50µl aliquots and immediately stored at –70ºC for future use. 

The cloned DNA was transformed into Top10 chemically competent cells. 2µL of 

ligated DNA was added to an aliquote of Top10 cells (50ul) and mixed by tapering. These 

cells were incubated on ice for 30 minutes and then heat shock at 42C for 40-60 seconds. 

SOC medium (Appendix-6) was added to them and incubated in 37C shaking incubator 

for 1 hour. 40µL X-gal (40mg/mL) solutions were spread on pre-warmed LB-kana plates 
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(50µg/mL). Cells were then plated on these plates and placed in incubater at 37ºC for 

overnight. 

3.18.4 Screening of Positive Colonies 

After overnight incubation blue and white colonies appeared on plates. White colonies were 

assumed to contain the insert and blue colonies contain self-ligated vector. So white 

colonies were picked by a sterilized tooth-pick and used for inoculate 3mL of LB/kana 

broth. The cultures were incubated at 37C shakers with 250 rpm for overnight. 

3.18.5 DNA Isolation from Positive Colonies 

 Positive cell colonies were harvested at 5000rpm for 1 minute. 150µL of soln.1 

(Appendix-7) was added to resuspend the pellet and incubated samples on ice for 5 

minutes 200µL of lysis solution (soln.2) (Appendix-7) was added and incubated at room 

temperature for 10 min. until it became transparent. 200µL Neutralizing solution (soln.3) 

(Appendix-7) was added and kept in ice for 10 min. Centrifuge the tubes for 10 min. at 

13000rpm. Supernatant was shifted in new tubes and extracted with equal volume of 

phenol: chloroform: isoamyl alcohol (25:24:1). Supernatant was taken carefully and 

shifted in new tubes. DNA was precipitated with absolute ethanol.  Finally pellet was 

washed with 70% ethanol, air dried and dissolved in sterilized autoclaved water.  

3.18.6 Restriction Analysis of Cloned DNA 

Insert was confirmed with restriction digestion of DNA with EcoR1 restriction 

enzyme. Reaction mix used is mentioned in (Table 3.3) 
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                        Table 3.3 Reaction Mix of Digestion 

Reagents Required 

DNA to be digested 5µg 

10X EcoR1 buffer 2µL 

EcoR1 10u/µL 2µL 

H2O To make volume up to 20µL 

 

Samples were incubated at 37C for 1.30 hour. The results were analyzed at 1% agarose to 

confirm the presence of insert. 

3.18.7 Sequencing of Positive Colonies       

To perform sequencing positive clones were used. Reagents used to make reaction are 

given in (Table 3.4). The thermocycler program that was used for sequencing DDRT PCR 

positive clones is given in (Fig. 3.4). 

                       Table 3.4 Reaction mix for Sequencing PCR 

Reagents Required 

DNA 300-700ng 

M13 Primers (3.3µM) 1µL 

Big Dye Sequencing Mix 1µL 

5X dilution buffer 1µL 

        H2O To make volume up to 10ul 
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3.19 DNA sequence analysis    

After sequencing reactions PCR products were precipitated by adding 20µL of 

100% ethanol and 1µL of 3M sodium acetate (PH 4.5). The reactions were gently mixed 

by vortex and left for precipitation at room temperature for 20 minutes. Samples were 

centrifuged at 13,000 rpm for 20 minutes at room temperature. The supernatant was fully 

discarded. The pellets were washed with 30µL of 70% ethanol. The pellets were air-dried. 

It was suspended in 13µL of formamide. The samples were left for 20min in dark with 

vortex every 5min after that shifted in 96-wells plate and denatured in a thermocycler at 

95C for 5 minutes and quick chilled by placing in ice for 10 minutes before loading on 

the (ABI Prism 3100 Applied Bio systems) sequencer genetic analyzer according to the 

manufacturer
’
s instructions given in technical manuals. Sequences were analyzed 

manually by using (BioEdit Project format) v7.1.11. 

3.19.1 Removal of Vector Segments from Sequence Results 

Analyzing the vector PCR 2.1 map showed that the sites of M13 primers are away 

from the insertion site of PCR Product (Fig. 3.5), so the sequence reads with M13 primers 

contain additional sequences of vector along with the sequence of PCR-Product. 

Figure 3.4 Thermocycling profile for the amplification of sequencing products of 

DDRT positive clones 
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Vector sequence was screened manually or using and NCBI’s online screen sequence 

(VecScreen system) for quickly identifying segments of nucleic acid sequence of vector 

on (http://www.ncbi.nlm.nih.gov/VecScreen/VecScreen.html). The Vector sequences 

were cleaned before sequence submission. 

3.19.2 Blast Search and Sequence Analysis 

The nucleotide sequence of identified transcripts or the deduced amino acid
 

sequence of each clone was compared to the GenBank non-redundant (nr) protein 

database using the online BLASTX by the Basic Local
 
Alignment Search Tool (BLAST) 

(http://blast.ncbi.nlm.nih.gov/Blast.cgi) to find homology. All the EST sequences 

generated under this study were deposited into Gene Bank with accession numbers from 

JK757799.1 to JK57805.1 for salt transcript and JZ077039 to JZ077045 for drought 

transcripts. 
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Figure 3.5  pCR® 2.1 Vector map with the site of PCR product 
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3.20 RT–PCR analysis 

Specific primers for each transcript were used to perform RT-PCR reactions (Table 3.5, 

6). β-Actin was used as house-keeping (internal control) reference gene to normalize. 

Thermocycling conditions that were used are shown in (Fig. 3.6). 

 

 

 

 

 

 

 

3.21 Real-time quantitative PCR (RT-qPCR) analysis 

Real-time PCR reactions were carried out in ABI 7500 – Real time PCR system (Applied 

Biosystems, USA) using Maxima
TM

 SYBR Green/ROX qPCR Master mix (2X) 

(Fermentas, USA). To normalize all data, the β-Actin gene was chosen as an internal 

control. cDNA 1µL was used in each reaction. RT-qPCR cycling conditions consisted of 

an initial polymerase activation step at 95°C for 3min, followed by annealing at 55°C for 

30 sec, extension at 72°C for 45 sec, and repeated to annealing temperature for an 

additional 40 cycles. Final extension was performed at 72°C for 10 min. Each reaction 

was performed in triplicate. The relative gene expression study was conducted via SDS 

V3.1 software (Applied Biosystems, USA). 

  HOLD 1                           HOLD 2                       HOLD 3 

                                          

                                              (40 Cycles)     

       95ºC          94ºC                                                 72ºC        72ºC 

        00:30        03:00                                                                      

                                                    60ºC                     00:45       10:00 

                                                    00:30                                                            4 ºC     

                                                                                                                             ∞ 

 

                                                                                                       

Fig.3.4: Thermocycling profile for transcript amplification using specific  

primers. 

Figure 3.6 Thermocycling profile for transcript amplification using specific primers 
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Statistical analysis  was done for real-time results by ABI 7500 system (Applied 

Biosystems, USA) on the basis of CT values of the gene in different samples that were 

converted to their linear form using the mathematical term 2
─∆∆CT

 (Kenneth and Thomas, 

2001) normalized with β-Actin  gene.  To analyze the data excel file was used to show 

significant difference in transcript expression in roots of control, salt and drought stressed 

plants. 

Table 3.5 Oligonucleotide primer sequences for the confirmation of differentially 

displayed products under salt stress with Real Time PCR 

Transcript Forward primer (5'–3') Reverse primer (5'–3') Amplicon length 

(bp) 

Baha-cemb01 GACTGTGGCGCAAATGAAG AGATGCTCCCAAATTTCTGC 180 

Baha-cemb02 CTCAAGCCATCATCGGTAATCT GGGACGTGGTCAGAAGTGATAC 169 

Baha-cemb03 CTAGAAGATGATGGTCCGGTTG CGATTGAGTAGGCACCGAAGT 180 

Baha-cemb04 AGAAGGGGTACCAGACCTTGAT GGTGTTGAACCAGGGTATGTCT 175 

Baha-cemb09      AAAGGACCTACATTTGCAGGAA 

 

AGGAATGGCTTCCAACTTGA 

 

164 

β- ACTIN  TGGGGCTACTCTCAAAGGGTTG TGAGAAATTGCTGAAGCCGAAA 162 

 

Table 3.6 Oligonucleotide primer sequences for the confirmation of differentially 

displayed products under drought stress with Real Time PCR 

Name Forward primer Reverse primer Bases 

Sudan01   P8T8 CGGCAACAGGGTTTAAGAGA AACAACCCTTTCCCTTCGTT 160 

Sudan05   P8T8 AATCGCTCCCAAACAACAAC TGGCTCGGGTTTGTTATCAG 159 

Sudan07   P5T8 CCCTCACTAAAGATCTGACT

GGA 

TGTTGTCGTCTTGGTTCTCG 160 

Sudan09  P9T8 GGGCGGAACACCTCAATAAT GCAGGATGTTTCCTGCAAAT 156 

Sudan12   P9T1   TGGATGAATGCCACAAGAAC GACTTTTCATATCCAGCCTATGAGT 160 

Sudan02 P8T7 CCTCGCTTGTTCCAATCCTA CTCAGGTGGTGATGCAAATG 159 

β- ACTIN TGGGGCTACTCTCAAAGGGT

TG 

TGAGAAATTGCTGAAGCCGAAA 162 
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3.22 5'-Rapid Amplification of cDNA Ends (RACE)-PCR Analysis 

RNA ligase-mediated 5' RACE was performed using the GeneRacer kit (Invitrogen Life 

Technologies). 4µg of total RNA was used to generate RACE-ready first-strand cDNA. 

Gene-specific primers were designed from sequence of one salt stress transcript to get 

full-length gene. To perform 5'-RACE PCR cDNA synthesis was used the forward and 

gene specific reverse primers Baha-CEMB03. The sequences are given in (Table 3. 7) 

PCR products were resolved on 1% (w/v) agarose gel. A DNA
 
fragment of 

expected size was excised, purified, cloned and sequenced. 

Table 3.7 Primer Sequences used for gene Racer PCR 

Primer ID Sequence 
Base 

Pair 

Gene Racer 5' primer 5'-CGACTGGAGCACGAGGACACTGA-3' 23 

Baha03 Primary primer 5'- GCAGGATCGAGACCTTGGCGTCTCA -3' 25 

Baha03 nested Primer 5'- TCAGACATCCGCGGACGGTGCTTTA -3' 25 

3.23 Genomic DNA Isolation 

Muoki et al., (2012) protocol has been used for genomic DNA isolation with 

modifications. 1g fresh young leaves were grinded to very fine powder in the presence of 

liquid nitrogen. Then 10mL of pre heated 65°C extraction buffer I (Appendix-I) was 

added, and vortexed the tube for a short time and samples were incubate at 65°C for 12 

minutes, irregularly mix by shaking. Same volume of CIA (24:1) was added, vortex 

briefly and centrifuged at 13000 rpm for 10 min at room temperature. The supernatant 

transferred to a fresh micro centrifuge tube. CIA (24:1) again was added with the above 

supernatant. Supernatant was transferred to a new micro centrifuge tube. 400µL of 

extraction buffer II (Appendix-I) added to the above supernatant and vortex briefly, 

150µL of Chloroform was added to the tube, vortexed briefly and left for 10 min at room 

temperature. Samples were centrifuged at 13,000 rpm for 10 min at 4ºC. Upper aqueous 
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phase transferred into fresh tube (avoid contamination with interphase). 0.6 volume of 

isopropanol was added and vortex briefly. Kept for 10 min at room temperature. Samples 

were centrifuged at 13,000 rpm for 10 min at 4ºC and supernatant discarded,   DNA pellet 

washed with 70% ethanol followed by air drying.  Pellet was dissolved in an appropriate 

volume of DEPC-treated autoclaved water and stored at -80ºC. DNA was resolved by 

running on 1% agarose gel on the basis of molecular weight. Ethidium bromide of 

concentration 0.5-1µg/mL was added. Gel was run at 70-80V for 1-2 hours. 

3.23.1 PCR from Genomic DNA 

The genes were amplified from genomic DNA by using primer given in (Table 3.8) 

Thermocycling amplification was carried out in volumes of 25µL with 2.5U Taq DNA 

polymerase, 0.2mM dNTPs, 10ng
 
of each primer, and 50ng of DNA template. Thermal 

cycling program that was used are given bellow (Fig. 3.7) 

Table 3.8 Primer Sequences used for genomic DNA 

Primer name  Sequence  Bases  

Genomic03 F 5´TTACTCCCACCTTCTGCAATTT´3 22 

Genomic03 R 5´GATTGAGTAGGCACCGAAGTTT´3 22 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.7 Thermocycling profile for the amplification of RMYB gene 
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3.24 DATA Analysis  

To analyze sequence database in NCBI blast (http://blast.ncbi.nlm.nih.gov/Blast.cgi) 

search and pair wise alignment algorithm programs (www.ebi.ac.uk/emboss/align) was 

used. To find out the exon/intron boundaries, UTRs and poly-A tail softberry server 

(http://linux1.softberry.com/berry.phtml) was used. The conceptual translation of 

nucleotide sequence was performed by the Open Reading Frame finder program (ORF, 

www.ncbi.nlm.nih.gov/gorf/gorf.html). Molecular weight and sub-cellular localization 

was determined by expasy server. Multiple sequence alignment was carried out using the 

CLUSTALW (Larkin et al., 2007), with default parameters through EMBnet 

(http://www.ch.embnet.org/software/ClustalW.html). Black and gray shadings were 

added with BOXSHADE 3.21 indicating conserved amino acid residues. 

(http://www.ch.embnet.org/software/BOX_form.html),  

Phylogenetic analyses were performed for full-length RMYB sequence freely available 

on MEGA website. A rooted neighbor-joining phylogenetic tree was
 
generated using the 

Molecular Evolutionary Genetics Analysis (MEGA 5) software package version 5.2.2 

(Tamura et al., 2011) from the previously aligned amino acid sequences. Gaps in 

sequences were treated as missing data. To determine relative level of support for the tree
 

topology, bootstrap values were generated.
 
 

3.25 Expression Studies
 
 

Expression of RMYB gene under salt stress of 40 days old Roselle plants were done in 

Center of Excellence in Molecular Biology green house under the same conditions as 

mentioned in the section (3.11). After 24 hour from salt treated plants, total RNA was 

extracted from leaf, shoot, stem and root samples of both control and drought stressed 

plants Total RNA performed after 15 days from exposure to drought stress. cDNA was 

done for each tissue using  RevertAid
TM

 H minus according to the manufacturer’s 
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protocol (first strand cDNA synthesis kit Fermentas), to handle expression work of both 

stresses both RT-PCR and quantitative real-time RT-PCR were performed. 

3.26 RT–PCR analysis of RMYB 

To analyze the relative changes in RMYB gene expression RT-PCR reactions were 

performed using a pair of gene specific primers (Forward and Reverse) for RMYB was 

designed on the basis of Roselle on the basis of the H. sabdariffa cDNA sequence. β-

Actin  was utilized as house-keeping control in RT-PCR experiment using specific 

primers (β-Actin  F and β-Actin  R).The sequences of primers that were used are given in 

(Table 3. 9). In order to quantify the transcripts of both genes the thermocycler 

programme that was used is given in (Fig. 3.8).  

            Table 3.9 Sequence of gene specific primers of RMYB 

Primer ID  Sequence 

RMYB-F 
5´- CACATTCCAAGGCTGGATCT -3´ 

RMYB-R 
5´- CAACCGGACCATCATCTTCT -3´ 

β- ACTIN -F 5´- TGGGGCTACTCTCAAAGGGTTG -3´ 

β- ACTIN -R 5´- TGAGAAATTGCTGAAGCCGAAA -3´ 

 

 

 

 

 

3.27 Quantitative real-time RT–PCR 

Gene-specific primers for Roselle genes were designed using the Primer3 software 

(Rozen and Skaletsky, 2000).  Real-time PCR reactions were carried out in order to 

Figure 3.8 Thermocycling profile for quantification of genes in different tissues 
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quantify the expression of RMYB gene from leaf, stem and root by using the procedure 

mentioned in section (3.22). The primers used are given in (Table 3.9) and cycling 

conditions used are given in (Fig. 3.8).  

3.28 Data sets and Homology modeling 

The protein sequence of Hibiscus sabdariffa L, RMYB gene (NCBI GenBank accession 

number KC145282.1 to determine 3D structures of the RMYB proteins was submitted to 

I-TASSER server for homology modeling. I-TASSER server predicted 5 models based on 

model score. The best predicted model was selected and its astrochemical properties were 

evaluated using PROCHECK.   

 3.29 PROCHECK validation of RMYB model  

 PROCHECK, a versatile protein structure analysis program Laskowski et al., (1993) 

(available at the Joint Centre for Structural Genomics, Bioinformatics core, University of 

California, San Diego) was used in validation of protein structure and models by 

verifying the parameters like Ramachandran plot quality.  

3.30 Binary plasmid for Roselle transformation into Plant Expression Vector 

(pCAMBIA1301) 

Plasmid pCAMBIA-1301 (11838bp)  map  shown in (Fig.3.9) is a  binary vector derived 

from  the  pPZP vector  Hajdukiewicz et al.,(1994) was used for cloning of gene (RMYB) 

in plant expression vector. Plasmid pCAMBIA1301 contains the cauliflower mosaic virus  

(CaMV)  35S  promoter Odell et al., (1985)  with  a  doubled  enhancer  driving  the 

selectable  marker  hygromycin  phosphotransferase  (hpt)  gene (Gritz and Davies, 1983) 

and  a  CaMV  35S  promoter  driving  the  reporter  gene  β-glucuronidase  (gusA)  gene 

(Jefferson, 1987), located between the  left and right T-DNA borders. The N-terminal of  

the  gusA  coding  sequence  contains  the  castor  bean  catalase  intron (Tanaka et al., 



55 

 

1990),  to  optimize  gusA  expression  and  ensure  that expression of glucuronidase 

activity is derived from eukaryotic cells  cannot  be  expressed  in  the  bacterial cells. 

     

 

 

 

 

 

 

 

 

3.31Preparation of Agrobacterium competent cells   

A single bacterial colony (E. coli TOP10) was inoculated into 3 mL of LB medium and 

.grown overnight at 37°C by continuous shaking at 200 rpm.  One milliliter of the culture 

was inoculated into 1 L of 2YT medium in a sterile 2 L flask and kept at 37°C (or 29°C 

for Agrobacterium) by shaking at 200 rpm to an OD600 of 0.7  to 0.9.   The cells were 

then chilled on ice for 10 minutes.   The culture was divided into four 250-mL aliquots 

and centrifuged at 5000 rpm for 10 minutes at 4°C using. pellet was  resuspended  in  2.5 

mL  ice-cold  sterile H2O  by  pipetting  up  and  down  several  times.   The  resuspended  

cells were washed with  200 mL  ice-cold  sterile H2O  by  inverting  the  tube  several  

times. The cells were centrifuged as above and the pellet was washed in 200 mL ice-cold 

sterile H2O. The washing was repeated once more.   After  the  third wash,  the cells were 

Figure 3.9 Schematic map of the pCAMBIA 1301 binary vector 



56 

 

centrifuged  at 6000  rpm  for  10  min  at  4°C,  the  supernatant  was  poured  off  and  

the  pellet  was re-suspended  in  40 mL  of  10%  glycerol.    The cells were centrifuged 

at 6500 rpm for 10 minutes at 4°C, the supernatant was poured off and the pellet was 

resuspended in 2 mL of 10% glycerol.  The cells were left overnight at 4°C on ice.  The 

cells were then divided into 150 µL aliquots in 0.5 mL Eppendorff tubes and snap-frozen 

in liquid nitrogen the cells were stored at -80°C.   

For cloning of genes in plant expression vectors, Thermocyclar PCR used to 

amplify coding regions of the RMYB gene from CDNA was performed using primers  as 

menthoned below (Table 3.10). 

      Table 3.10 Sequence of primers used for cloning 

Primer ID Sequence 

(Xho 1)    F 
5'- GGCTCGAGATGTCGAAACCTCCTCCTCCT -3' 

(Xho 1)    R 5'- GGCTCGAGTTACCTGGGACCGGAAAGC -3' 

 

These primers introduced XH0I and XH0I restriction sites (underlined) upstream 

and downstream of the start and stop codons (in boldface) respectively. RMYB construct 

should be expressed under the control of the cauliflower mosaic virus (CaMV) 35S 

promoter. PCR reactions were carried out in a final reaction volume of 25μl containing 

100ng DNA template, 0.2U Taq DNA polymerase, 1mM dNTP mixture, 0.5μM gene-

specific primers (Table 3.10) and 1x Pfu DNA polymerase buffer with MgSO4. 

Amplifications were performed “BIORAD iCycler” thermocycler. The thermocycler 

programme that was used for amplification was the same as shown in (Fig 3.7). 

The amplification products were run on 1% agarose gels, visualized with UVP gel 

documentation system (Molecular Probes, Inc., USA), excised gel band was purified by 

using the QiaQuick gel extraction kit (Qiagen).  
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3.31.1 Restriction Digestion of PCR Products and pCAMBIA-1301 

The purified PCR products and pCAMBIA-1301 vector were double digested with 

Xho1 restriction enzymes from both side to get the desired cDNA fragment of the RMYB 

and pCAMBIA-1301 vector to produce overhang. Reaction mix used is given in (Table 

3.11). 

                   Table 3.11 Reaction Mix of Digestion with Xho1 

Ingredients Required 

DNA to be digested 1- 5µg 

10X Buffer Tango 4.0µL 

XHO1 (10u/µL) 1.0µL 

H2O Make the volume up to 20µL 

 

Experimental samples were incubated for 1:40 hour at 37C. The digested vector 

and PCR product was run on 1% agarose gel at 80V for 90 min and analyzed under UV-

light. The gel slices containing digested product were cut with sterilized blade and were 

eluted according to the manufacture protocol of  Invitrogen S.N.A.P. Gel purification kit 

(Cat # K1999-25) to elute the DNA. 

3.31.2 Ligation of Insert into pCAMBIA-1301 Vector 

   Insert and vector overhang were ligated by using T4 DNA Ligase (Invitrogen) 

according to manufacture protocol. Vector to insert ratio was 3:1 and ligation done on 

Thermocycler machine at 14C for overnight. Reaction mix used for ligation is given in 

(Table 3.12). 
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                 Table 3.12 Reaction mix of ligation 

Ingredients       Required 

Insert 100ng 

10X Ligation buffer 2.0µL 

Vector 500ng 

T4 Ligase 2.0µL 

H2O Make the volume up to 20µL 

3.31.3 Transformation of plasmid in E. coli 

Plasmid RMYB was transformed in E. coli competent cells strain TOP10 by heat 

shock method as mentioned in section 3.19.3. For selection only X.Gal was spreaded. 

3.31.4 Plasmid DNA Isolation 

Plasmid DNA RMYB was prepared by inoculating single bacterial colony in 3mL 

LB broth containing the kanamycin 50μg/mL from the overnight grown plate. The 

samples were incubated at 37ºC at 250 rpm for 12-16 hours. The whole process of 

plasmid DNA isolation was repeated as mentioned in (section 3.19.5). The isolated 

recombinant plasmids DNA of constructs were confirmed by restriction digestion with 

enzyme Xho1. The construct having RMYB was given name RCU. 

3.32 Transformation of Plasmid in Plant Transformation Vector 

Agrobacterium tumefaciens strain GV1301 containing RCU plasmid was used for 

transformation. The vector construct RCU contained RMYB (Fig 3.10), gene was driven 

by CAMV35S promoter of HPT, and GUS (Glucuronidase) a reporter gene.  
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3.32.1 A. tumefactions Competent Cells  

To prepare Agrobacterium Competent cell strain GV1301 was used for 

transformation of plasmids RCU. A Single colony was inoculated in 3 mL of YEP broth 

solution (Appendix- 9) kept at 28ºC at (180rpm) for 36 hour. One liter of YEP broth was 

inoculated with 1mL of freshly grown culture and incubated for further 12-24 h at (28ºC, 

200rpm). Until suspension reached an OD600 of 0.5 to 0.9 at 600nm after 30min 

incubation on ice and centrifuged at 5000rpm at 4ºC for 10 min. Supernatant was 

removed and pellet was washed once with 1mM HEPES (pH 7.0). Two washing were 

given with 10% sterile glycerol. Finally, the pellet was resuspended in 1mL of 10% 

glycerol on ice under aseptic conditions. Aliquots of 100µL were stored at –70ºC. 

3.32.2 Electroporation of Plasmid in Agrobacterium  

Electroporation of plasmids RCU in Agrobacterium competent cells (GV1301) was done 

using Bio-Rad electroporation device (# 165-2105). Competent cells (100L) were mixed 

with 2L of RCU plasmids (100ng) and kept on ice, Transfer reaction to 0.2 cm gap 

electroporation cuvette (prechilled on ice). The electroporation device was set at a 

Figure 3.10 Schematic map of pCAMBIA 1301 + RMYB gene plant expression 
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capacitance of 25F, voltage 2.2kV with a 200 ohms resistance. After electroporation, 

1mL of YEP (Appendix-9) medium was added and incubated at 28ºC for 2-3 hours at 200 

rpm. Culture was spread on plates containing YEP (Appendix-9) medium and 50 µg/mL 

of kanamycin for selection of transformed cells. The plates were incubated at 28ºC for 24-

48 hours. Transformed Agrobacterium cells were selected in the form of distinct colonies. 

Cultures were prepared from these colonies in YEP broth containing kanamycin 50µg/mL 

at 28ºC for 24 hours and glycerol stocks were prepared and stored at -70ºC. 

3.32.3 Plasmid DNA Confirmation 

After transformation in Agrobacterium strain GV1301, plasmid DNA RCU was 

confirmed through PCR by primer pairs (Xho1) forward and reverse, by using same PCR 

reaction mix and conditions as mentioned in the section (3.21). 

3.33 Transformation of Gossypium hirsutum L CV CIM 496 

3.33.1 Delinting of Cotton Seeds 

To remove lint from cotton seeds (Gossypium hirsutum L CV CIM 496), concentrated 

H2SO4 (95-98%) was used at the rate of 100 mL/kg of seeds. The seeds were continuously 

stirred with the help of spatula after adding H2SO4 for 10-15 minutes until all lint was 

removed from seeds and shiny surface of seeds appeared. Seeds were washed 5-6 times 

with tap water to remove the acid completely. The seeds, which floated at the surface of 

water, were removed. 

3.33.2 Seed Sterilization 

The delinted washed seeds were sterilized by adding few drops of Tween 20 in 

water washed by vigorous shaking. For surface sterilization, seeds were dipped in 0.1% 

HgCl2 and 0.1% SDS for 15 minutes with constant shaking. After that seeds were washed 

five times with autoclaved distilled water. The whole washing was done in the laminar air 

flow cabinet to maintain the sterilize conditions. Then the seeds were soaked in 
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autoclaved distilled water for one hour. After one hour excess water was removed and the 

seeds were kept in the dark for germination at 30C overnight. 

3.34 Transformation of Cotton var CIM -496 with RMYB Gene 

After the vector transformation and confirmation, mature embryos of local cotton 

variety CIM 496 were transformed with plasmid DNA RCU containing salt resistant gene 

(RMYB). The method used for this purpose was shoot cut apex method (CEMB modified 

shoot apex cut method as done by Jean et al., (1991). The overall schematic procedure 

has been described in (Fig. 3.11).  

3.34.1 Isolation of Embryo 

 Next day, with a forceps testa of the seeds were removed carefully and 

cotyledonary leaves were excised with surgical blades. Mature cotton embryos were 

isolated from the germinating seeds. The isolated cotton embryos were kept on moist 

filter paper so that they may not become dry. 

3.34.2 Medium Preparation 

To culture the transformed embryos, MS Murashige and Skoog, (1962) media 

broth (Appendix-9) was used. The medium was sterilized at 121ºC and 15 lbs psi for 20 

minutes in an autoclave chamber. Autoclaved medium was allowed to cool down to 50C 

and antibiotic cefotaxime were added as 50µg/mL and 250µg/mL respectively to the 

medium for selection of transformants. Media was poured in glass culture jars and petri 

plates to solidify at room temperature. 

3.34.3 Bacterial Inoculum Preparation 

Agrobacterium strain GV1301 containing plasmids RCU from glycerol stock 

stored at –70C was streaked on solidified agar medium containing kanamycin 50µg/mL 

and incubated for 24-48 hours at 28
o
C. Single colony was picked and inoculated 10mL of 

YEP (Appendix-9) broth containing 50µg/mL of kanamycin in 50 mL culture tube. The 
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samples were incubated on rotary shaker at temperature 28ºC for 24 hours with 200rpm. 

After incubation period bacterial culture was centrifuged at 3000xg for 15 minutes. 

Supernatant was discarded and pellet was resuspended in 10mL of MS broth. 

3.34.4 Agrobacterium Culture Treatment 

Shoot tips of the isolated embryos were injured by using sterile blade held on petri 

plate shoots were highlighted by using light microscope. After cutting, embryos were 

immediately shifted to the Agrobacterium inoculum suspension for treatment with 

bacterial culture and incubated for 1 hour on a rotary shaker at very slow speed. Total  

about 3, 000 embryos were used in the transformation experiments. 

3.34.5 Co-cultivation 

After bacterial inoculum treatment, the culture was removed and embryos were 

shifted to MS + kinetin1mg/mL medium and cocultivated for 72 hours. At this stage 

antibiotics were not added to the media. The cultures were kept in growth room at a 

temperature of 25°C± 2°C and a photoperiod of 16 hours light and 8 hours dark. 

3.34.6 Selection of Transformants 

The survival percentage of the embryos at different growth stages i.e. After co-

cultivation, shoot and root formation were observed on MS media (Appendix-9). 

3.34.7 Transient Expression of GUS Gene 

Transient expression of Gus gene was studied through histochemical GUS assay. 

GUS solution was prepared containing 25mg/L X-gluc, 10mM EDTA, 100mM NaH2PO4, 

0.1% Triton X-100 and 50%methanol, (pH was adjusted to 8.0). The GUS solution was 

protected to light exposure. After 72 hours of co-cultivated embryos were dipped in GUS 

solution in an eppendorf and kept at 37ºC overnight and viewed under microscope for 

blue spots. The tissues were incubated with X-Glu solution at 37ºC for 16 hours. The blue 
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spots were observed. Transformed plant tissues were checked with GUS assay using non-

transformed plants as negative control. 

3.34.8 Plants subculture 

After three days (72hrs) of co-cultivation, plantlets were shifted to medium i.e. 

MS and ceftriaxone (250μg/mL). Medium was also supplemented with different growth 

hormones i.e. Kinetin (1mg/mL), Zeatin (1mg/mL) and BAP (1mg/mL).  

3.34.9 Transformation Efficiency 

Total 3,000 embryos were used in the transformation experiments. The transformation 

efficiency after eight weeks of transformants growing on selection medium was 

calculated. This was evaluated on 50 mg/mL Kanamycin. 

3.34.10 Root Formation 

After 6-8 weeks, the selected plants with well-developed shoots were sub cultured to 

selection free medium. At this stage MS medium as supplemented with different growth 

hormones in combinations or alone to observe the rooting (kinetin 1mg/mL+1mg/mL), 

(kinetin1mg/mL+IBA1mg/mL), (IAA1mg/mL). Plants were continued to subculture on 

the selection free medium supplemented with growth hormones for 4-6 weeks. 

3.34.11 Transformation of Transgenic Plants to Soil 

Transformed plants were shifted to prepared soil mixture from glass culture tubes to soil. 

Soil mixture contained clay, sand and peat moss in ratio of 1:1:1, mixed well, moistened 

properly with dH2O, filled in a bag and autoclaved. After soil autoclaved was allowed to 

cool and filled in plastic pots having at the bottom drain hole. 

Then rooted shoots were taken out of the glass tubes, the root was washed with 

autoclaved water, dipped into IBA (1mg/mL) and then planted into the pot filled with soil 

mixture. None transformed were shifted to soil without IBA treatment and pots were 

covered with polythene bags. Transgenic Plants were kept in a growth room at 30ºC+2ºC 
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Procedure                                                                Optimized Parameters 

Seeds Delinting 

 

Surface sterilization 

   

Incubation for germination   

                                       (Overnight) 

Isolation of embryos 

 

Shoot apex cutting and Co-cultivation 

                                                            (72hours) 

Callus induction  

                                                                                  Media S-4 

Shootinitiation    

                                                                                2 weeks 

Shoot outgrowth                                                                2 weeks 

 

Shoot elongation 

 

Growing in selection media 

                                                                                                                         (4 – 6 weeks) 

Shifting to soil then glasshouse 

 

Analysis of transgenic plants 

for 16 hours photoperiod with light intensity (250-300µmol m
-2

 S
-1

). After 3-4 days 

polyethylene covers were removed occasionally two times daily. After 1-2 weeks the 

cover were removed completely. The transgenic plants were ready to shift to glass house. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.11 Schematic representation of the complete protocol for the 

transformation of mature embryo of cotton. 
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3.35 Molecular Analysis of Transgenic Plants 

3.35.1 Genomic DNA Isolation 

Genomic DNA was isolated from putative transgenic plants and non-transgenic 

(NT) plants using CTAB protocol (Muoki et al., 2012) method of DNA isolation was 

used with some modification mentioned in section (3.24). After two weeks of shifting in 

green house. The leaf of cotton plant was grinded to fine powder in liquid nitrogen in 

pestle and mortar. 

3.35.2 Polymerase Chain Reaction (PCR) 

PCR amplification was performed to screen the transgenic plants. Genomic DNA 

isolated from putative transgenic plants was analyzed by PCR for detection of integrated 

RMYB by amplifying primer sequence (Table 3.9).  DNA extracted from untransformed 

plants was used as negative control and that of plasmid pCAMBIA-1301 as positive 

control. Thermocycle profile was used for amplification is given below (Fig. 3.12). The 

amplified PCR fragments were resolved on 1.2% agarose gel and observed under UV 

light. 

 

 

 

 

 

Figure 3.12 Thermocycling profile for confirmation of transgenic plates 
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RESULTS 
 

Abiotic stresses such as drought and high salinity are the primary cause of losses 

of crop in arid and semi-arid regions, with a reduction of more than  50% in the average 

crop yield, particularly in developing countries (Bray et al., 2000). Roselle is greatly 

affected by Abiotic stress. Therefore this study was aimed to identify the transcripts 

related to salt and drought tolerance in Roselle. Intact total RNA was successfully 

extracted from salt stressed and control leaf tissue and obtained 28S and 18S bands on 

agarose gel. Differential display technique and quantitative RT-PCR were performed to 

study the differential expression of genes. Combination of arbitrary and anchored primers 

was used in response to salt and water stress many transcripts were induced while other 

repressed. The purpose of this study aimed to identify the potential transcripts in Hibiscus 

sabdariffa L under salt and drought stress condition. 

1.4   Biomass Analysis of salt stress  

Fresh and dry weight of shoot of 7.77 and 1.35 g respectively under the control 

conditions. Plant biomass was gradually decreased as NaCl stress was increased (50-

200mM) such as fresh weight (FW) for shoot was found to be 4.8, 1.2, 1.08 and 0.9 g and 

dry weight (DW) was 0.8, 0.2, 0.15 and 0.08 g respectively (Fig. 4.1 A). Hence, when 

compared with the control, FW reduction in shoot was 83% more at 200 mM NaCl 

concentration.  The dry weight DW of shoot showed 94% reduction at 200 mM NaCl. 

The FW and DW of root was 1.40 and 0.37 g respectively in control plants (Fig. 4.1 B). 

Statistical analysis of DW showed the negative correlation to the substrate concentration 

of NaCl (**P < 0.05). The same was not affected very badly at 50 mM NaCl treatment for 

shoot and root that declined significantly i.e. *P < 0.05 with increasing stress (100-200 

mM) indicating up to 93% weight reduction. Root/shoot ratio was found to be 0.28 in 
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control conditions and it was observed that ratio was gradually increased by the increase 

in application of NaCl i.e. 0.20, 0.40, 0.44 and 0.50 at 50, 100, 150 and 200 mM salt 

concentration respectively. 

4.2 Leaf Relative Water Content (LRWC) and Cell Membrane Stability (CMC) 

It was observed that LRWC were decreased as concentration of NaCl was 

increased. Plants held 83% of their water content under control conditions. No significant 

difference was found between the plants growing under control and 50 mM salt stress. 

However, a gradual decline in LRWC was reported as the concentration of NaCl 

increased and it reached to 69.2% at 200 mM NaCl (Fig. 4.2.A). A considerable increase 

in solute leakage with an increase in salinity level was observed in control plants, CMS 

was 77.8% while, it was reduced to 71.6% at 50 mM NaCl and was found non-significant 

(P< 0.05) (Fig. 4.2.B).  As NaCl was increased (100-200 mM) and showed a decline in 

CMS i.e. 61.1% to 45.4% respectively. Hence, in this study the increase in NaCl stress 

increased the relative electrolyte leakage ratio which reflects the stability of cell 

membrane.  

4.3 Ion Contents   

Plants grown under control conditions, showed accumulation of Na
+
 and Cl

- 
was 

less than the K
+
 with the gradual increase (50-200 mM), K

+ 
was reduced by the increasing 

of Na
+
 and Cl

- 
 (Fig 4.3). Statistical analysis showed that the different levels of NaCl 

application significantly disturbed the ionic equilibrium (*P < 0.05). The observations 

showed that the values for the accumulation of Na
+
 were in the range of (0.100 to 0.270 g 

kg
-1

) at NaCl stress (50-200 mM) respectively. While the accumulation of Cl
-
 under the 

same stress was in the range of 0.05 g kg
-1

 to 0.150 g kg
-1 

respectively. Values recorded 

for the deposition of K
+
 at the same level of stress were found to be 0.161 g kg

-1
 to 0.160 

g kg
-1

. The accumulation of Na
+
, Cl

-
 and K

+
, in the control plants were 0.06, 0.06 and 
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0.200 g kg
-1

 respectively. The data showing the Na
+
/K

+
 was recorded to be lower (0.300) 

in control conditions and increased gradually from (0.62-1.68) at 50-200 mM stress 

(Table 1). 

4.4 Infra-Red Gas Analyzer (IRGA)   

A considerable reduction in photosynthetic, stomatal conductance, transpiration 

rate and chlorophyll fluorescence ratio (Fv/Fm) was studied at higher NaCl stress 

(Fig.4.4). Non-significant was reported among control and 50mM stress. While stress 

levels (100-200mM) showed significantly reduced photosynthetic values such as 18.67 

µmolm
-2

s
-1

 to 3.33 µmol m
-2

s
-1

 respectively. in control and at 50mM NaCl stress, the 

stomatal conductance was reported to be 5.67 µmolm
-2

s
-1

 and 4.9 µmol m
-2

s
-1 

respectively 

which was reduced to 1.33 µmolm
-2

s
-1 

at 200mM NaCl. Transpiration rate was 5.0 µmol 

m
-2

s
-1

 in control plants and reduced to as 4.67, 3.33, 3.0 and 1.33 µmolm
-2

s
-1

 with 

increased of NaCl from (50-200 mM respectively). Similarly (Fv/Fm) was found to be 

reduced by the application and gradual increase in salt stress.  Values of (Fv/Fm) were 

recorded as 13.8, 13.0, 10.9, 8.8 and 6.8 under the control and NaCl stress (50-200 mM) 

respectively. Study report ratio was decreased with increased application of NaCl stress. 

4.5 Water Related Attributes  

The data related to WP showed a significant reduction as the plants were exposed 

to increase saline conditions. Comparisons between control and salt stressed (50-200 mM) 

plants showed a significant decrease in the overall water potentials. In control conditions, 

the WP was -0.4 MPa with the increase of NaCl concentration the WP was significantly 

decreased i.e. -0.6 MPa, -0.7 MPa, -0.9 MPa and 1.1 MPa . This study observed that 

higher salt stress decreased the osmotic potential such as at control condition, OP was 

1.00 (-MPa) and that was decreased gradually as 1.33, 1.67, 2.33 and 3.00 (-MPa). The 

trugar potential was found 0.6 MPa at control conditions and those values were found to 
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be increased as 0.73, 0.97, 1.43 and 1.9 MPa under the NaCl levels 50-200 mM 

respectively.    

4.6 Chlorophyll Content 

Our results indicate that when plants were exposed to NaCl stress (50-200 mM), 

the chlorophyll contents were found to be 4.1, 3.4, 2.5 and 1.9 mgg
-1

 of fresh weight of 

leaves respectively (Fig. 4.5.A) which illustrate that the chlorophyll was reduced at higher 

NaCl stress. This was found to be 6.5 mg g
-1

 under the control conditions. Variation in 

chlorophyll contents between control and salt stressed were reported significant and 

increasing of salt stress reduced the total chlorophyll contents.  

4.7 Proline Contents (osmoprotectant) 

Accumulation of proline was found to be significantly higher in the salt stressed 

plants relative to control plants (Fig. 4.5.B). Proline contents were found to be lowest i.e. 

0.6 µg g
-1

 of FW in control plants, while that was increased from (5.9, 10.4, 12.9 and 14.6 

µg g
-1

 FW with the increasing stress of NaCl (50-200 mM) respectively.  
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Figure 4.1 Fresh and dry biomass of Roselle plants under different 

concentration of NaCl stress. (A) Represents the FW and DW of shoot (B) 

indicates the FW and DW of root. The mean values and standard errors 

(vertical bars) are the means of three replicates.Values with the same letter 

were not significantly different based on (Duncans Multible Range test, 

P˂0.05). 

 



72 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2 Leaf relative water content and cell membrane stability of Roselle 

plants (Hibiscus sabdariffa L.) under different concentrations of NaCl stress. 

(A) Represents the Leaf Relative  Water Contents (B) Represent the cell 

membrane stability. The mean values and standard errors (vertical bars) are the 

means of three replicates.Values with the same letter were not significantly 

different based on (Duncans Multible Range test, P˂0.05). 

Figure 4.3 Ions accumulation in Roselle plants (Hibiscus sabdariffa L.)  

Under different NaCl stress conditions. The mean values and standard errors 

(vertical bars) are the means of three replicates. Values with the same letter 

were not significantly different based on (Duncans Multible Range test, 

P˂0.05). 
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Figure 4.4 InfraRed gas and chlorophyll fluorescence analysis of Roselle (Hibiscus 

sabdariffa L.)  plants under different concentrations of NaCl stress. (A) Photosynthetic 

Rate (B) Stomatal Conducatnce (c) Transpiration (D) chlorophyll flourescence ratio. the 

means of three replicates. Values with the same letter were not significantly different based 

on (Duncans Multible Range test, P˂0.05). 
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Figure 4.5 Biochemical analysis of NaCl stressed Roselle (Hibiscus sabdariffa L.) plants. 

(A) Total chlorophyll contents (B) Proline contents. The mean values and standard errors 

(vertical bars) are the means of three replicates. Values with the same letter were not 

significantly different based on (Duncans Multible Range test, P˂0.05).  
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4.8 Differential Display (DDRT-PCR) 

Differential display technique and quantitative RT-PCR were performed to study 

the differential expression of genes. Combination of arbitrary and anchored primers was 

used in response to salt and water stress many transcripts were induced while other 

repressed. The purpose of this study aimed to identify the potential transcripts in Hibiscus 

sabdariffa L under salt and drought stress condition. The total RNA was extracted from 

root of stressed and controls (Fig. 4.6) 

By using total RNA experiment was repeated more than one times from at least 

two
 
independent preparations. An apparent of Induced fragments during DD-PCR under 

both conditions reamplified again as positive and negative fragments were rejected 

(Lievens et al., 2001). In salt stress  9 fragments were selected as ESTs and reported with 

accession #JK757799- JZ077046 in NCBI GenBank databases with transcripts size 

ranging from 200-600 bp (Fig.4.7) have significant homology with known genes (Liang 

et al., 1994). One of the cDNA fragments showed no homology with known genes. 15 

fragments were identified under drought stress and submitted to NCBI GenBank 

Databases as ESTs with accession # JZ077039.1- JZ390870.1 with ranging from 100-700 

bp (Fig.4.8).  

 

 

 

 

 

 

 

Figure 4.6 Total RNA extracted from H. sabdariffa roots checked on 0.8% 

(w/v) agarose gel. Lane 1: RNA isolated from control. Lane 2: RNA isolated 

from salt stress plant. 
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Transcript Baha03-CEMB (255bp) showed high homology (1e-11, (Positives: 100%, 

Identities: 92%) with a Medicago truncatula Leucine-rich repeat receptor-like kinase. 

Transcript Baha02-CEMB designated as P10T8-b has high homology (Positives: 81%, 

Identities: 66%) with PREDICTED: Glycine max F-box protein SKIP14-like 

(LOC100807460), mRNA. 

The transcript Baha01-CEMB designated as P5T8-3 had high homology (Positives: 86%, 

Identities: 64%) with repeat element gag-pol polyprotein of Vitis vinifera cultivar Danuta 

VINE-1. The transcript Baha04-CEMB designated as P5T8-3 has homology (Positives: 

73%, Identities: 54%) with Gossypium hirsutum retrotransposon putative copia, 

transposon GORGE3-like, the transcript Baha09-CEMB designated as P8B2 regarding to 

this transcript No significant similarity found. 

A transcript Sudan02 (S6) P8T7-a showed homology (73%) with hypothetical protein 

MTR_1g006800 Medicago truncatula (Figure 4.8). A transcript Sudan01 (S1) P8T8-

showed homology (Positives: 99%, Identities: 64%) with Gossypium arboreum cultivar 

FDH 171 PGR5. A transcript Sudan05 (S2) P5T8 showed homology with hypothetical 

protein POPTR Populus trichocarpa. A transcript Sudan09 (S4) P9T8 showed homology 

(Positives: 90%, Identities: 90%) with Transcription factor MYB39 Triticum urartu. A 

transcript Sudan07 (S3) and Sudan12 (S5) showed no significant similarity. 
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          1           2        3           4           5          6          7          8          

Figure 4.7 Differential display (DDRT-PCR) from root of Hibiscus sabdariffa. 

Odd numbered lanes represent control sample, and even numbered lanes 

represent salt stressed samples.  
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4.9 Gene Expression Patterns under Salinity and water -Stress Conditions 

 

Gene Expression levels of transcripts response to salt and drought stress were 

analyzed by Quantitative-PCR. The β-actin gene was used as the reference gene to 

normalize the expression levels. All transcripts showed different level of over-expression 

in salt and drought stressed roots as compared to control. The results of salt stress are 

Figure 4.8 Differential display (DDRT-PCR) from root of Hibiscus sabdariffa. 

Odd numbered lanes represent control sample, and even numbered lanes represent 

drought-stressed samples. RT-PCR reactions were conducted using anchored and 

arbitrary primers (Table 1). cDNA fragments that appeared to be differentially 

expressed in treated samples are indicated by arrows (lane 2: S1; P8T8   171 bp, 

lane 4:  S2; P8T8-a 353bp, lane 6: S3;P5T8  245 bp , lane 8:  S4;P9T8 138 bp, lane 

10: S5; P9T1-a  240 bp and S6; P9T7  574 bp). 
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shown in Fig. 4.6 and summarized in Table 4.1. The data of drought stress are indicated 

in Fig. 4.7 and summarized in Table 4.2.  

Table 4.1 Salt stress clone identification and homologies with known genes 

EST name 

 

Gene Bank 

Accession# 

Length 

(bp) 

Homology 

Baha-cemb01 JK757799.1 591 Vitis vinifera cultivar Danuta VINE-1 repeat element 

gag-pol polyprotein gene 

Baha-CEMB02 JK757800.1  545  Glycine max F-box protein SKIP14-like, mRNA  

Baha-CEMB03 JK757801.1  255 myeloblastosis protein (Hibiscus sabdariffa) 

 
Baha-CEMB04 JK757802.1  340  Gossypium hirsutum retrotransposon putative copia, 

transposon GORGE3-like.  

Baha-cemb09      JZ152799.1 
 

417 No significant similarity found 
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Table 4.2 Drought stress clone identification and homologies with known genes 

EST Name 

 

Gene Bank 

Accession# 

Length 

(bp) 

Homology 

Sudan01   P8T8 JZ077039.1 171 PGR5 [Gossypium arboreum]  

Sudan05 P8T8 JZ077043.1  353  hypothetical protein POPTR [Populus trichocarpa]  

Sudan07   P5T8 JZ077045.1  245 No significant similarity found 

Sudan09  P9T8  JZ390864.1  138     Transcription factor MYB39 [Triticum rartu] 

Sudan12   P9T1      

Sudan02 P8T7 

JZ390867.1 

JZ077040.1 

240 

574 

No significant similarity found 

hypothetical protein MTR_1g006800 [Medicago 

truncatula] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.9 RT-PCR Expression analysis of Roselle transcripts in salt stress and 

control Root. Odd numbers indicate control samples and even numbers to salt 

stress samples.  β-Actin gene was used as housekeeping control; amplified 

Products were separated on a 1.5% agarose gel. 

  1       2        3        4         5        6         7         8         9      10        11        12        
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Figure 4.10 Reverse transcriptase PCR expression analysis of Roselle transcripts in 

water-stress and control roots. Odd numbers indicate control samples and even 

numbers to water-stress samples.  Β-actin gene was used as housekeeping control; 

Amplified products were separated on a 1.5% (w/v) agarose gel. 

Figure 4.11 Differential expression analysis of five differential displayed (DD) 

products from control and salt stress roots. The cDNAs were synthesized from total 

RNAs isolated from control roots and salt acclimation roots (after 24hour). B-Actin 

was used as an internal control. Specific Real Time-PCR primer pair information is 

listed in Table 2. b: A histogram showing the relative abundance of five DD products 

between control and stress  acclimated plants. 
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4.10 Isolation of full-length RMYB gene from H. sabdariffa salt stress root 

The P10T8 transcript contains 3' un-translated region (UTR) and poly-A tail in the 

sequence but is amputated at its 5' end.  To perform a full-length gene, the 5' end of the 

transcript was
 
created by RACE PCR from total RNA of salt stressed root. RMYB gene 

specific primer was designed. The RACE yielded a 255bp fragment of RMYB gene. The 

RMYB gene fragment consist an extra 435 bp at the 5' end. A full-length cDNA clone of 

690 bp was then obtained by overlapping the RACE product to the partial cDNA isolated 

through differential display (Fig. 4.13).  

Gene specific primers (RMYB-F and RMYB-R) were used to amplify a full-

length RMYB gene from genomic DNA and cDNA. The full-length cDNA fragment was 

794 bp long. This cDNA sequence was deposited in GenBank with accession number # 

KC145282.1 The full-length cDNA RMYB has a coding region of 690 without any 

Figure 4.12 Differential expression analysis of six differential displayed (DD) 

products from control and water stress roots. The cDNAs were synthesized from total 

RNAs isolated from control roots and water-stress roots. B-Actin was used as an 

internal control. Specific Real Time-PCR primer pair information is listed in Table 3. 

b: A histogram showing the relative abundance of 6 DD products between control and 

stress  plants. 
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intron. RMYB gene contain a 5’ UTR region of 46bp, which is identical in sequence and 

length .The 3’ UTR region was in length 58 bp. Poly A tail range from 785bp-794bp on 3ʹ 

ends (Fig. 4.13). Based upon sequence database searches on conserved domain finder 

using the deduced amino acid sequences. The prey protein was assigned to the SANT 

superfamily (Fig. 4.14) 

 

 

 

  

 

 

4.11 Sequence and Phylogenetic Analysis 

Sequence similarity searches were performed in NCBI using BLASTX  to identify 

which proteins the deduced amino acid sequences of the gene of the H.sabdariffa  RMYB 

gene shares high similarity  with Oryza sativa. The results showed that a protein of RMYB 

has high percentage of similarity (83%) with MYB protein from a variety of plants and 

bacteria. These percentages of similarity are high enough to consider RMYB to be the 

member of MYB protein family of plants. 

Figure 4.13 Schematic demonstration of the complete gene sequence of 

RMYB GenBank accession # KC145282.1) 

Figure 4.14 Graphical summary of conserved domains of SANT superfamily 

associated MYB DNA binding protein on conserved domain database finder from 

NCBI. 
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The cDNA fragment of RMYB gene code for protein with predicted molecular weight of 

25.92 KDa (Fig. 4.13), using software (www.bioinformatics.org/sms/prot_mw.html). 

The deduced 229 amino acid protein coded by the cDNA fragments 690 bp coding 

sequence of the RMYB was compared to the known complete amino acid sequences of 

MYB.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

           Maximum homology was observed with MYB of Theobroma cacao and Arabidopsis 

thaliana (83%), Oryza sativa Japonica Group (80%),Zea maize (79%), Malus domestica 

    47 atgtcgaaacctcctcctccttcagacgaaaacggtgggttgaag 

        M  S  K  P  P  P  P  S  D  E  N  G  G  L  K  

    92 aaaggtccctggactgcagaagaagatcaaatactgattgattat 

        K  G  P  W  T  A  E  E  D  Q  I  L  I  D  Y  

    137 atccaacaacatggccatggcaaatggcgtaccctccccaaaagt 

        I  Q  Q  H  G  H  G  K  W  R  T  L  P  K  S  

    182 gcagggttgaaaaggtgtggaaagagttgcaggcttcgatgggca 

        A  G  L  K  R  C  G  K  S  C  R  L  R  W  A  

    227 aactacttgaggcctgacatcaagagggggaagttctcaactcaa 

        N  Y  L  R  P  D  I  K  R  G  K  F  S  T  Q  

    272 gaggaggaaactataatacaattgcacagtttcttgggaaacaaa 

        E  E  E  T  I  I  Q  L  H  S  F  L  G  N  K  

    317 cggtctgctattgctgctcggttgccgggaagaacagataacgag 

        R  S  A  I  A  A  R  L  P  G  R  T  D  N  E  

    362 ataaaaaactattggaacacccatatcaagaagaagctattgaga 

        I  K  N  Y  W  N  T  H  I  K  K  K  L  L  R  

    407 atggggatcgatcctatcactcacattccaaggctggatcttctg 

        M  G  I  D  P  I  T  H  I  P  R  L  D  L  L  

    452 gagctttccacacttttaagctcatctctttatacttcttacagc 

        E  L  S  T  L  L  S  S  S  L  Y  T  S  Y  S  

    497 cttaacgcccacaaagctttgcttggatcagcatccacgtcggac 

        L  N  A  H  K  A  L  L  G  S  A  S  T  S  D  

    542 ccgaagctcctaaagcaccgtccgcggatgtctgaagtattaagg 

        P  K  L  L  K  H  R  P  R  M  S  E  V  L  R  

    587 atgctagaagatgatggtccggttgcctcacaaccggttgagacg 

        M  L  E  D  D  G  P  V  A  S  Q  P  V  E  T  

    632 ccaaggtctcgatcctgcgataacactcctcctcaaagatactct 

        P  R  S  R  S  C  D  N  T  P  P  Q  R  Y  S  

    677 gattttatagaagagtcttcgctcgtgatggaagccatggagctt 

        D  F  I  E  E  S  S  L  V  M  E  A  M  E  L  

    722 tccggtcccaggtaa 736     

        S  G  P  R  *  

 
Figure 4.15 Nucleotide and derived amino acid sequence of characterized RMYB full- 

length. The stop codon at the end of open reading frame is indicated by an asterisk. 

http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_302398945
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_302398945
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(72%), Ricinus communis (65%). There is a consensus sequence of MYB domain among 

all the amino acids sequences (Fig. 4.15), which is the Myb_DNA-binding domain.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Roselle              1 ---MSKPPPPSDEN-GGLKKGPWTAEEDQILIDYIQQHGHGKWRTLPKSAGLQRCGKSCR 

Glycine              1 -----------DK--NGLKKGPWTTEEDQKLIDYIQKHGYGNWRTLPKNA GLQRCGKSC 

Medicago_truncatula         --MGRAPCCEKN--RGPWTQEEDQKLIDYIQKHGYGNWRLLPKNAGLQRCGKSCR 

Malus_domestica         1-MGRAPCCDK---NGLKKGPWTPEEDQKLMDYIQKHGYGNWRTLPKNA ELQRCGKSC 

Populus_canescens1--MGRAPCCEK---NGLKRGPWTPDEDQKLIGYIQKHGYGNWRTLPKNA GLQRCGKSC 

Paraboea_crassifolia1MGRAPCCDKTG-LLMKKGPWSQEEDQKLLDYIQKYGYGNWRTLPTNA GLQRCGKSC 

Arabidopsis_thaliana1 ---MARSPCCEK---NGLKKGPWTSEEDQKLVDYIQKHGYGNWRTLPKNA GLSRCGKSC 

Oryza_sativa        1 ---MGRAPCCEK---SGLKKGPWTPEEDEKLIAYIKEHGQGNWRTLPKNA GLLRCGKSC 

Picea_glauca        1 ---MGRAPCCDK---DGLKKGPWTPEEDQKLTDYIQRHGHGSWRTLPKHAGLNRCGKSCR 

Lotus_japonicus     1 ---MGRSPCCDE---NGLKKGPWTPEEDQKLVEHIQKHGHGSWRALPKLA G-SRVGKQC 

Encephalitozoon_intestinalis1 MASLDQLSQNQKDANIKLVKGPWRHEEDEKLLKLVKEFSPKNWSFIAKRL---- 

 

Roselle            57 LRWTNYLRPDIKRGRFSFEEEETIIQLHSILGNKWSAIAS RLPGRTDNEIKNYWNTHIR 

Glycine            47 RLRWTNYLRPDIKRGRFSFEEEETIIQLHSILGNKWSSIASRLPGRTDNEIKNYWNTHIR 

Medicago truncatula56 LRWTNYLRPDIKRGRFSFEEEETIIQLHSILGNKWSAIAA RLPGRTDNEIKNYWNTHIR 

Malus_domestica    54 RLRWTNYLRPDIKRGRFSFEEEETIIQLHGILGNKWSAIAA RLPGRTDNEIKNYWNTNI 

Populus_canescens  54 RLRWTNYLRPDIKRGRFSFEEEETIIRLHSILGNKWSLIAARLPGRTDNEIKNFWNTHIR 

Paraboea_crassifolia56 RLRWTNYLRPDIKRGRFSFEEEETIIQLHSFLGNKWSAIAA RLPGRTDNEIKNYWNTHI 

Arabidopsis_thaliana54 RLRWTNYLRPDIKRGRFSFEEEEAIIQLHSILGNKWSAIAA HLPGRTDNEIKNYWNTHL 

Oryza_sativa        54 RLRWTNYLRPDIKRGKFSFEEEQTIVQLHGVLGNKWSAIAS HLPGRTDNEIKNFWNTHL 

Picea_glauca        55 LRWTNYLRPDIKRGKFSPEEEQTILHLHSILGNKWSTIAT YLPGRTDNAIKNYWNSSIQ 

Lotus_japonicus     53 RERWHNHLNPQITKKPFTVEEEALIIELHSKFGNRWSEIAK                    

Encephalitozoon_intestinalis  51-----------------TLLSSSLYT---SYSLNAIQRLLGMH--------- 

 

Roselle           116 KRLLRMGIDPVTHNPRFDLLDLS-------- ---------------------------- 

Glycine           107 KRLLRMGIDPVTHSPRLDLLDFS-------- ---------------------------- 

Medicago_truncatula 115 KRLLRMGIDPVTHSPRLDLLDLS-------- ---------------------------- 

Malus_domestica    113 RKRLLRMGIDPVTHSPRLQLLDLS-------- --------------------------- 

Populus_canescens  114 KKLLRMGIDPVTHSPRLDLLDIS-------- ---------------------------- 

Paraboea_crassifolia 115 RKRLLRMGIDPVTHAPRLDLLDLT-------ASLSHMAAQWERARLEAVTTDYLRVLA 

Arabidopsis_thaliana 113 KKRLLQMGIDPVTHRPRIDLFNFSNMTQLLAP--------------------------- 

Oryza_sativa         113 KKKLIQMGFDPMTHQPRTDLVSTLP---------------------------------- 

Picea_glauca         114 RRSEKVRRRSMFCSIDEFQKAHG--------                              

Lotus_japonicus      94   HKALLGS--------------ASTSDPKLINPH------------------HNDPDDM 

Encephalitozoon_intestinalis 74----QYMVNPELLKLASSLFSTSQQQ--ENHQIDHKQQISSHMDQEACTMLLN 

 

Roselle             139 ----SILYNSSHH---HHQMNN MSRILGV--------------QPLGDPELLRLATSLL 

Glycine             130 ----SILNSPLYD---SSRMN- FSRLQPR-----------------FNPELLRFAASLF 

Medicago_truncatula 138 ----TILNSSLCNN-SPTQMN- MSRLMMDTNRRHHQQ------HPLVNPEILKLATSLF 

Malus_domestica     137 -----SILASSLYNS-SSHHMN-LDTLRALEP-------------LAGYPDLLRLASAIL 

Populus_canescens   137 ----SLLKPAAAAAYYPTQAD-LMSYLRNQLGDAAFCNMPDNMNSAMAQANWALNSENLG 

Paraboea_crassifolia 166 AYRSAAMMQQASHSQSSTMDADH FDEQAVQ-------------------LAKLQYLNYL 

Arabidopsis_thaliana 145 -----YLLALANMTQLMDHNHQS MGRKTKR------------------SISVQNLPEYV 

Oryza_sativa         138 -------ITQEKGEYGFGLQKGD                                      

Picea_glauca         137       :               -------------------------------------- 

Lotus_japonicus      120 PAQKG------------------------------------- NNSMSFIQTHLENIYSS 

Encephalitozoon_intestinalis  121 PPFD---------- NEVSQLMQQQPNVEYPSSLSDFRSQ----NSQLNE 

 

 

Figure 4.16 Multiple Sequence Alignment of RMYB with related MYB from other 

plant species. The deduced amino acid sequence of RMYB was aligned using 

(CLUSTALW) with default parameters. Black and grey shadings done with 

BOXSHADE 4.21 indicate conserved amino acid residue. 

http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_255553923
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Using CLUSTALW sequence alignment between the Roselle RMYB amino acid 

sequence and other MYB selected sequence revealed that RMYB had strong homology to 

MYB protein and transcription factor sequences of different species (Fig. 4.16). Carried 

out using programs the alignment of the 11 full amino acid sequences (Fig. 4.16) showed 

conserved MYB domain present in all while greater conservation is shown towards 3’ end 

as compared to 5’ end. 

A phylogenetic analysis tree (Fig. 4.17) was performed using CLUSTALW and A 

rooted Neighbor-joining phylogenetic tree was generated using the MEGA software 

package v. 5.0 (http://www.megasoftware.net) (Tamura et al., 2011).  Based on the 

multiple sequence alignment of protein RMYB sequence and other MYB plant sequences.  

From the phylogenetic tree RMYB is found to be highly similar and having closest 

evolutionary relationship to MYB proteins of Oriza sativa and distantly related to Lotus 

japanicus , Medicago truncatula, Encephalitozoon_intestinalis (Fig. 4.17). As shown 

protein MYB proteins could be divided into two clades. The first clade contain seven 

members (Paraboea crassifolia, Populus canescens, Malus domestica, Medicago 

truncatula, Arabidopsis thaliana and Glycine max) and second clades possesses three 

members (Encephalitozoon intestinalis, Medicago truncatula and Lotus japonicas) 

 

 

 

 

 

 

 

 

 

http://www.megasoftware.net/
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4.12 RMYB transcript is present in different tissues 

The expression levels of RMYB in different plant tissues as leaf stem and root 

under different abiotic treatments were analyzed using semi –quantitatively by employing 

the RT-PCR. A fragment of RMYB 180bp was amplified by the specific primer set Real 

HF and Real HR, from the cDNA of H. sabdariffa A 180bp fragment of kenaf Hibiscus 

cannabinus actin (β-actin) gene was used as a house keeping control. However, gene was 

detected in all tissues analyzed with different expression. RMYB was found to be 

expressed 2 fold in stem, 1.5 fold in leaf and 1 fold in root under salt stress compared 

(Fig. 4.18,19).  The comparative studies of different abiotic stresses indicate that RMYB 

express more times in drought, stress and cold stress (Fig. 4.20,21).This gene indicates 

that drought 8 times, salt stress 5 times and cold 3 times as compare to control . 

Figure 4.17 Distance-Based, Neighbor-Joining Tree relating complete H. sabdariffa 

RMYB amino acid sequence to full-length MYB amino acid sequences from plants. 

Sequences were aligned with the CLUSTALW. A neighbor-joining tree was constructed 

with the MEGA5.2 program. 
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       ROOT             STEM            LEAVES        β - ACTIN 

    C            S           C           S        C         S              C          S   

 

 

 

   

 

  Figure 4.18 semi quantitative analysis of RMYB transcript in root, stem and leaves of 

well watered and salt stressed Roselle plants through Real-time PCR. 

 

 

 

 

 

 

 

  Figure 4.19 RT-PCR Expression analysis of Roselle gene MRYB in root, stem 

and leaves stressed and control. S: Stressed, C: Control; β - ACTIN gene was 

used as housekeeping control; product for each sample was separated on a 2% 

(w/v) agarose gel 
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    SALT              DROUGHT          COLD            β - ACTIN 

  C            S            C          S            C          S             C         S   

 

 

   

 

Figure 4.20 Relative folds expression of RMYB in root on different Abiotic stress, salt 

and drought and cold of control and stressed Roselle plants through Real-time PCR. 

 

 

 

 

 

 

 

 

 

4.13 Homology of three-dimensional modeling of RMYB  

   In this study, a three-dimensional structure of RMYB was predicted by Insilco 3D using 

the I-TASSER server Zhang, ( 2008) based on fold recognition method. Five models 

have been developed by the server in which the best model (Fig 4.22) was forwarded for 

further analysis. Validation of 3D structure was done by plotting Ramachandran plot 

Sheik et al., (2002) and calculation assessed by PROCHECK Laskowski et al., (1993) 

Figure 4.21 RT-PCR Expression analysis of Roselle gene MRYB in salt, 

drought and cold stressed and control. S: Stressed, C: Control. S: Stressed, 

C: Control; β - ACTIN gene was used as housekeeping control; product for 

each sample was separated on a 2% (w/v) agarose gel. 
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and shown to be reliable (Fig 4.23). Moreover the results were further analyzed by 

verifying 3D that shows that the model quality is 80% that further confirm the good 

quality of the generated model. This predicted information will help in better 

understanding of mechanisms underlying to salt tolerance and use of this information in 

protein engineering to improve plants to high salinity conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.22 Predicted 3-Dimensional Structure of the RMYB 

protein. The N and C termini of the protein are labeled 

 



91 

 

 

Figure 4.23 Ramachandran of Plot RMYB proteins. The plot calculation was done with 

PROCHECK program 

4.14 Cloning of gene in plant expression vector 

PCR amplification from cDNA yielded a 690bp fragment of MYB protein gene 

(RMYB) (Fig. 4.24). RMYB gene was cloned into a plant binary vector (p CAMBIA-

1301). In each transformation, transformed colonies were obtained on selective media. 

Few colonies were randomly chosen and screened by colony PCR using primer pairs (X-

hol F, (X-hol R) After plasmid isolation, positive clones were further confirmed with 

restriction digestion which yielded the same size of fragments as obtained during cDNA 

amplification in both cases (Fig. 4.25). 
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4.14.1 Electroporation and Confirmation of Agrobacterium Tumefaciens Strain 

After electroporation of competent cells of Agrobacterium, five colonies were 

confirmed through PCR with respective gene primers. 

4.14.2 Transient expression of GUS gene 

After Agrobacterium mediated transformation, transient expression of GUS gene 

was studied through histochemical GUS assay. The (X-gluc) 5- bromo, 4- choloro, 3- 

indolyl glucoronide, gives a blue precipitate, a very insoluble and highly indigos formed 

Figure 4.24 The amplified PCR product of RMYB from 

cDNA. M 1kb DNA Ladder, Lane No. 1-3 RMYB 

cDNA fragment 

Figure 4.25 Restriction digestion of positive clones of RMYB with Xho1. M 

1kb Ladder, Lane No. 1-10 positive clone. 
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by oxidative dimerization of colourless indoxyl derivative that result from hydrolysis of 

x-gluc by β-glucoronidase enzyme. After 72 hours of co-cultivation, leaves were 

incubated with x-gluc solution and kept at 37ºC overnight and viewed under microscope 

for blue spots. The blue colour on the transgenic plants confirmed the transformation 

system and presence of GUS gene into tramsformed leaves as compared with control or 

non-transformed leaves on which there was no blue spots (Fig. 4.26).  

 

 

 

 

 

                                                           

 

 

 

 

4.14.3 Root Formation 

Putative transgenic plants were continued to grow on MS medium, modified with 

hormones for root formation (IBA and kinetin).  

4.14.4 Establishment of Transgenic Plants in Soil 

Out of 65 RMYB putative transgenic plants obtained after MS media, only 18 

normal plants that developed both shoots and roots were shifted to the soil in pots.  

4.14.5 Molecular Analysis of Transgenic Plants 

Genetic transformation was confirmed by PCR amplification, The integration of RMYB 

was checked all of them were found to contain the transgene (Fig 4.27). All the transgenic 

plants were phenotypically normal, grew well.  

Figure 4.26 Immunohistochemical GUS assay of transgenic plants 

obtained though agrobacterium mediated transformation. 
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Figure 4.27 PCR amplification of RMYB transformed plants. M 

1kb Ladder, Lane No. 1-10 positive clone 
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Discussion 

5.1 Morphological, Physiological and Biochemical analysis 

            A possible strategy for increasing abiotic stress tolerance in plants is through 

applied plant biotechnology, which relies on expression of genes involved in signaling 

and regulatory pathways (Shinozaki et al., 2003). Ecological degradation, especially 

desertification, has become a serious problem due to the world’s population increases, the 

extensive agricultural practices and the effects of the global climate changes (Chen et al., 

2010). 

           Salinization is one of the threats to plants mainly in arid and semi-arid areas. 

Understanding mechanisms involved in the plants’ response to salt tolerance is important 

for creating an efficient farming system. Identification of genotypes with favorable 

biochemical and physiological traits would be of great use since it could be used directly 

for breeding or identification of salt-tolerant genes. Plant’s survival in terms of biomass 

production and yield are negatively affected by salinity. Plant biomass (fresh and dry) and 

relative growth rate are among the key variables for comparing plants when growing 

under saline conditions (Curtis and Läuchli, 1987; Saleh, 2012; Shahid et al., 2012a). In 

present study, plants grown without NaCl produced higher biomass of fresh and dry for 

both shoots and roots. Therefore, it is supposed that they did not experience salt toxicity 

as plants grown under NaCl showed symptoms of salt toxicity (either through soil or 

within plants) which ultimately reduced the biomass. 

       Plants presented better growth survival at 50 mM NaCl treatment having higher fresh 

and dry biomass, survival percentage declined significantly with increasing stress. Early 

reduction in plant shoot development is possibly being due to hormonal signals produced 

by the roots in salt-tolerant species. Reports are available which show significance of the 

relative growth rate Bayuelo et al., (2012) as the salinity reduces photosynthesis but not 
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the vegetative growth (Santiago et al., 2000). The amount of biomass production is 

considered equally important as this relates to yield (Munns, 2002; Saleh, 2012), and 

shoot biomass was reported to be reduced in Hibiscus cannabinus under salt threshold 

(Francois et al., 1992). Similar results for biomass reduction in salt-sensitive cotton 

varieties have been reported by (Ashraf and Ahmad, 2000; Basal, 2010). Hence, in this 

report the fresh and dry biomass of shoots and roots were reduced possibly due to toxicity 

of ions or water related attributes. This was supported by (Basal, 2010; Hajer et al., 2006) 

who found biomass decline under salt stress may be due to a combination of osmotic and 

ionic effects. In present study it can be noted that initially the root shoot ratio was not 

affected by the application of NaCl, but as the concentration of NaCl increased to 200 

mM then the root shoot ratio was found to be increased 78% more than the control plants. 

This might be due to osmotic adjustments linked with water stress rather than the salt-

related effects. It was reported that Na
+
 and Cl

–
 are below the toxic levels in the 

meristematic cells, and active cell division would help to accumulate the ions to toxic 

levels (Munns, 2002). Saleh, (2012) also reported the decrease in this ratio in salt-

sensitive varieties, whereas the root to shoot ratio was increased in tolerant ones. 

            LRWC decreased with increased NaCl stress as the plants held 83% of their water 

content under control conditions. No significance difference was observed between the 

plants grown at 50mM and control plants. Dramatic decline in LRWC as the 

concentration of NaCl increased. Plants can adapt to mild salt stress by adjusting OP and 

osmolytes which help in the transport, accumulation and compartmentalization of 

inorganic ions and organic solutes which accompanies the adjustment of water within leaf 

tissue. Other reports confirmed that salinity generates negative effects on the internal 

plant water status due to ionic imbalance  Ahmad, (2010); Azooz et al., (2011) that 

disturbs LRWC, stomatal conductance, OP and TP. and is supported by the loss of water 
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content from other Hibiscus species under saline conditions (Santiago et al., 2000). An 

increase in plant cell membrane permeability and reduction of integrity are associated 

with salt stress (Blokhina et al., 2003). Therefore, the efficiency of the cell membrane to 

control the rate of ion movement in and out of the plant cell is used as an indicator of 

damage to a great range of tissues (Farkhondeh et al., 2012). The maximum CMS was 

observed in control plants and was found gradually reduced at higher levels of stress 

(150-200 mM). Investigations on salt-stressed cells revealed damage, including cleavage 

in the membrane and sedimentation of Na
+
 in the cytoplasm. The lower values of relative 

electrolyte leakage ratio in salt-tolerant genotypes suggest that the ion content greatly 

contributes to the osmotic adjustment of the cells. Thus, the apoplastic ion content might 

be more important in salt-sensitive genotypes. 

Ions are very important for the osmotic adjustment, particularly Na
+
 and Cl

-
, at cellular 

level but their excessive accumulation has deleterious effects on metabolic processes 

(Nieves-Cordones et al., 2010). In this study, plants grown under control conditions 

showed a lower accumulation of Na
+
  and Cl

-
 as compared to K

+
, and the ratio Na

+
 /K

+
 

was found to be increased as the NaCl stress increased. Reports mention that higher 

accumulation of Na
+
 in plants results in decreased K

+
. This is due to the competition of 

Na
+
 with K

+
  for the same binding site and membrane depolarization by Na

+
. Appropriate 

Na
+
 /K

+
 is important for crop performance and failure in Na

+
 exclusion manifests its toxic 

effect after days or weeks, depending on the species, and causes premature death of older 

leaves. Salt-tolerant genotypes are capable of maintaining balanced Na
+
/K

+
 by efficient 

loading of K
+
 into the xylem and this helps to grasp the accumulation of Na

+
 in the leaves 

(Shabala et al., 2010). Hence, this study confirms the results observed by Mansour et al., 

(2005) showing that in maize cultivars the higher accumulation of Na
+
 and Cl

-
 under salt 

stress may be associated with osmotic or water potential and ionic toxicity. 
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                  In this study, a considerable reduction of stomatal conductance, transpiration, 

photosynthetic rate, chlorophyll contents and chlorophyll fluorescence ratio was observed 

at high NaCl concentrations. However, the plants at 50mM NaCl stress were not affected 

that much and same has also been confirmed by Parida et al., (2004) in  Bruguiera 

parviflora. Photosynthesis was reduced due to the high accumulation of Na
+
 and Cl

-
 

which caused detrimental effects on other physiological functions in the plants such as 

stomatal conductance,which alters the turgidity of guard cells and hence transpiration rate 

was also reduced. Shahid et al., (2012a) observed a reduction in these physiological 

functions in pea genotypes under saline environment. Chlorophyll fluorescence ratio 

(Fv/Fm) indicates the effect of salt stress on the stability of the photosynthetic apparatus 

and is used as an indicator for the photochemical efficiency of photosystem II (PSII) 

under abiotic stress. When compared with control conditions, we observed a gradual 

reduction in Fv/Fm under salt stress. The decline in Fv/Fm ratio indicates a lower 

efficiency of the primary photochemistry of the leaves as reported by Efeoglu and 

Terzioglu, (2009)  . Our results agree with the findings of  Saeed Akram et al., (2009) that 

150 mM NaCl significantly reduced the quantum yield of PSII measured as Fv/Fm in 

sunflower, and that foliar application of K
+
 did not affect the quantum yield. Stepien and 

Johnson, (2009) also reported the decline of PSII in salt-sensitive Arabidopsis at 150 mM 

NaCl, but the salt-tolerant The llungiella tolerated 500 mM NaCl and PSII was not 

affected.  

             Our study showed a decrease in chlorophyll contents as the NaCl stress was 

increased. The depletion may be a result of chlorophyll pigment destruction, instability of 

the chlorophyll protein-pigment complex and inhibition of chlorophyll biosynthesis (Yu 

et al., 2013). Furthermore, chlorophyllase activity increases during stress conditions 

suggesting that the observed low chlorophyll content could be a result of both decreased 
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synthesis and increased degradation under salt stress. (Shah, 2007) observed a reduced 

chlorophyll activity in Mustard under 50 mM NaCl but a recovered activity with the 

application of gibberellic acid GA3. 

Our results indicate a gradual decrease in WP and OP under saline conditions. Reduction 

in WP could possibly be explained by the fact that during stress carbon allocation and 

osmotic adjustment compete with other factors affecting plant’s growth. Results show 

that the plant water relations were lowered at higher salt concentrations which ultimately 

reduced the osmotic adjustment by increasing the turgidity of the cells, i.e. the turgor 

potential increased. High salt levels accelerate the ionic and osmotic stresses which alter 

morpho-physiological and biochemical processes in different organs at tissue and cellular 

levels in rice (Zhou et al., 2007). Reduction in plant water relations and osmotic 

adjustment under different salt stress conditions have been observed in  Phaseolus species 

(Bayuelo et al., 2012). We observed that at the initial level of stress, plant’s growth was 

not adversely affected but it declined as the stress was increased. It is important to 

understand whether plant development is hampered by the osmotic effect of the salt in the 

soil or by the toxic effect of the salt within the plants. High salt concentrations (more than 

the threshold) around the roots create an osmotic effect and limit plant’s growth. An ion-

specific phase is the accumulation of salts to toxic concentrations in the leaves which 

causes necrosis by reducing the photosynthetic area and promotes the decline in growth. 

Osmotic adjustment is the improvement in cell water balance due to the accumulation of 

inorganic and organic solutes (Basal, 2010). Some studies proposed the exogenous 

application of organic and inorganic solutes to induce salt tolerance capacity of important 

crops (Shahid et al., 2012a).Our observation indicate a higher accumulation of proline as 

the concentration of NaCl was increased. Osmotic adjustment helps to improve the cell 

water balance by accumulation of inorganic and organic osmolytes such as proline 
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(Ashraf and Foolad, 2007). It stabilizes the membranes and proteins, scavenges free 

radicals and protects the cellular redox potential under stressful environment (Gomes and 

Garcia, 2013). A higher salt tolerance may be due to accumulation of proline as observed 

in other reports on sunflower (Saeed Akram et al., 2009), Zea mays (Hajlaoui et al., 2010) 

and Brassica napus (Heidari, 2010). However, despite these and many other reports, the 

role of proline in salt tolerance is debatable as Lutts et al., (1996) found a negative 

correlation between proline accumulation and osmotic adjustment. Colmer et al., (1995) 

did not find substantial contribution of proline for salt tolerance in wheat. Similarly, 

Ashraf, (1989) did not find positive correlation between proline accumulation and salt 

tolerance in  Vigna mungo. Some rice cultivars showed less proline accumulation in salt-

tolerant plants than sensitive ones (Lutts et al., 1996). Our results showed an 

accumulation of proline under high salt stress which is important to maintain the osmotic 

adjustment. On the contrary, the other growth parameters – biomass, gas exchange, water 

relations, chlorophyll contents were gradually reduced under NaCl stress and played a 

role in reducing the physiological and biochemical processes in the plants. The above 

mentioned contrasting reports regarding accumulation of proline and plant’s 

developments under salt stress have made its determination a questionable selection 

criterion for the performance of plants under salt stress (Ashraf and Harris, 2004). 

In conclusion, salt tolerance is a diverse, multifactorial trait and challenging prospect. 

Findings of this study support the sensitivity of plants at higher toxicity of NaCl. Further 

study is necessary at molecular level and in field conditions for evaluation of plants under 

salt stress. 

5.2 Differential Display profile using a set of arbitrary and anchored primers  

       In this study differential display DDPCR technique is used to identify salt and 

drought transcript from Roselle (Hibiscus sabdariffa L) . RNA extracted from root was 
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carried out using primers sets of 11 anchored and 9 arbitrary which are contain 99 primer 

combinations. DDPCR is a molecular biology technique described by (Liang and Pardee, 

1992). It is an efficient method  for identifying and isolating differentially expressed 

genes in  specific cells or under altered conditions and it presents numerous advantages: it 

is fact and saves time: it produces band patterens in 2 days: it is a simple and well- 

established and widely accessible technique, making it easily applicable for most 

investigators; in comparison with prior methods, its sensitivity has increased dramatically, 

resulting in a good detection of low-abundance genes; and both induced and repressed 

genes can be detected and only a small amount of starting material is needed (Liang and 

Pardee, 1992).  

Since 1992 the analysis of gene expression is main target of  most studies in 

molecular biology (Liang and Pardee, 1992). mRNA differential display and quantitative 

RT-PCR were used to study the responses of Roselle to salt stress. Differential display 

method reveals all aspects of regulation (up and down), as well as the absence/presence of 

bands, suggesting qualitative differences, and signals with varying intensity, suggesting 

quantitative difference (Voelckel and Baldwin, 2003). 9 arbitrary and 11 anchored primer 

pair combinations were used 24 transcripts were found, 9 transcripts were found under 

salt stress condition and 15 transcripts under drought stress conditions. To reduce the 

false positive rate of mRNA differential display Lang et al., (2005), each primer pair was 

used to amplify two different sets of RNA isolated from Roselle plants. RT-PCR products 

were loaded in adjacent lanes in a 6% denatured PAGE gel. 

many salt stress transcript have been isolated and identified by DD-PCR technique from 

different model plants  such as tomato (Tirajoh et al., 2005), rice (Li et al., 1999), barley 

(Ueda et al., 2002), Arabidopsis (Yoshiba et al., 2001), sunflower (Liu and Baird, 2004), 

wheat (Nemoto et al., 1999) and cotton (Shahid et al., 2012b). 
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The present study resulted initially in up-regulation of four transcripts. The DD-

PCR method has been a powerful technique for isolating differentially expressed genes at 

different time intervals, and under different conditions. It may be applied to isolate rarely 

expressed or low abundance transcripts. However, the number of genes studied in a single 

experiment is very low, compared to the using of other high-throughput expression 

profiling techniques. Also, in order to quantificate the expression of a particular gene, the 

DD-PCR may be complemented with various quantitative approaches such as real-time 

PCR and northern blotting (Liu and Baird, 2004). 

The transcript Baha-CEMB 04 (B4) shows homology with Gossypium hirsutum 

retrotransposon putative copia, transposon GORGE3. Transcriptional activation of several 

well-characterized plant retrotransposons seems to be tightly linked to molecular 

pathways activated under stress (Grandbastien, 1998). transcript named Baha- CEMB 09 

(B9) have no homology to any of EST, nr and protein in Genbank database and these can 

be considered a novel sequences which have been found differentially expressed in 

differential display.  Characterization of the signal transduction of important transcript 

named as Baha-CEMB02 (B2), Baha-CEMB03 (B3) and Baha-CEMB04 (B4) transcripts 

identified in Roselle (Hibiscus sabdariffa var sabdariffa L.) will also shed light on the 

understanding of the responsive mechanisms under salt acclimation. Identification of 

these stress-regulated transcripts is an initial step towards cloning and characterization of 

full-length cDNAs and promoter regions. 

Differential display technique viewing several advantage required small amount of RNA 

for processing. Avoidance of false positive results by repeating PCR reactions with same 

primer compination and residues of DNA contamination is avoided by negative control 

(Voelckel and T. Baldwin, 2003) 
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Regarding to drought stress using this technique a number of transcripts have been 

identified (Jain et al., 2001; Liu et al., 2013; Maqbool et al., 2008). In our study DDPCR 

resulted initially in up-regulation of twenty five fragments among these fifteen were 

confirmed.  (Debouck, 1995) Reported that the contradiction among trials is probably due 

to the limitations of DDRTPCR, such as amplification of a population of similarly sized 

cDNAs and the difficulty in removing a single amplification product from the differential 

display gel. 

Drought stress fragments showed high homology with hypothetical protein, proton 

gradients and Transcription factor MYB39. Transcription factor MYB was already 

reported in different abiotic stress of different plant species (Seo and Park, 2009). 

A transcript (S6) P8T7-a showed homology (73%) with hypothetical protein 

MTR_1g006800 Medicago truncatula. A transcript (S1) P8T8-revealed high homology 

(Positives: 99%, Identities: 64%) with Gossypium arboreum cultivar FDH 171 PGR5. 

plants use proton gradients as the driving force of secondary transport systems which 

control ion fluxes under stress (Niu et al., 1993; van der Rest et al., 1995). 

A transcript (S2) P5T8 showed homology with hypothetical protein POPTR Populus 

trichocarpa. A transcript (S4) P9T8 showed homology (Positives: 90%, Identities: 90%) 

with Transcription factor MYB39 Triticum urartu. A transcript (S3) and (S5) showed no 

homology to any of EST, nr and protein in Genbank database and these can be considered 

a novel sequences which have been found differentially expressed in differential display.  

present  study  is  the  first  attempt to  investigate  the  expression levels  of Roselle 

transcripts under  salt and  drought stress using quantitative RT PCR.   

The β-actin gene (GenBank No. DQ866836.1) from Kenaf (Hibiscus cannabinus) actin 

was used as an internal control. The selected transcripts showed over expression in 

Roselle root under salt stressed conditions as compared to control roots. Transcripts (B2 
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and B3) showed two fold more expression than other transcripts. (B4) shown 1.5 fold 

more expression and B9 resulted lower expression. All of these transcripts were 

submitted to NCBI GenBank EST database. It was reported that regulation of gene 

expression is one of the key phenomena in plants by which they respond and try to adapt 

to salt stress (Jamil et al., 2011). 

The selected transcript from Roselle roots for Real-time RT-PCR showed that 6 

transcripts revealed significant over expression in water stressed condition as compared to 

control. Transcripts (S4 S3and S6) respectively given more than three fold more than 

other transcripts. (S1) shown a bout two fold more expression and S5 resulted lower 

expression. All of these transcripts were submitted to NCBI GenBank EST database. 

In current result P9T1 (S4) showed high expression under water stress, having good 

homology with MYB transcription factor well known in their function under abiotic 

stress. Agree with (Chen et al., 2014) The MYB superfamily constitutes one of the most 

abundant groups of transcription factors and plays central roles in developmental 

processes and defense responses in plants. 

Based on this 255 bp fragment 794 bp cDNA fragment named RMYB, containing coding 

regions, 5’and 3’ UTR regions was obtained in three successive steps. A predicted protein 

of single open reading frame of 229aa formed which having molecular weight of 25.92 

KDa. Having similarity with Myeloblastosis protein (MYB).  BLAST analysis revealed 

the presence of conserved domains of SANT superfamily associated MYB DNA binding 

protein. Previous studies have suggested that MYB protein superfamily plays central roles 

in developmental processes and defense responses in plants. Sixty unique wheat MYB 

genes that contain full-length cDNA sequences were isolated (Zhang et al., 2011). The 

first MYB gene identified was the v-MYB gene of avian myeloblastosis virus (AMV) 

(Klempnauer et al., 1982). 
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Current findings correlate with the finding of Tombuloglu et al., (2013) MYB family 

having highly conserved MYB repeats (1R, R2R3, 3R, and 4R) in the N-terminus. In 

addition, they have diverse C-terminal sequences which help the protein to gain wide 

distinct functions, such as controlling development, secondary metabolism, hormonal 

regulation and response to biotic and abiotic stress. Stress-responsive roles of the MYB 

TFs were reported for drought, salt, wounding, cold, freezing, dehydration and osmotic 

stresses. 

           Transcription factors MYB are characterized by the presence of MYB repeats (R) 

involved in DNA-binding and protein-protein interactions (Feller et al., 2011). The 

R2R3-MYB proteins are the largest group of plant MYB proteins, including hundreds of 

members throughout the plant kingdom (Feller et al., 2011). MYB proteins were also 

reported to be involved in biotic and abiotic stress responses. Studies in soybean revealed 

that GmMYB76, GmMYB92, and GmMYB177 are induced by several abiotic stress 

conditions and overexpression of these TFs improves tolerance to salt and freezing in 

Arabidopsis (Liao et al., 2008). 

The homology between known MYB genes from other plants and Roselle H. 

sabdariffa RMYB gene the result shown that RMYB can be a  member of MYB gene 

family. Homology searches revealed that MYB is the largest transcription factors family 

in plants and represented in all eukaryotes (Tombuloglu et al., 2013).  MYB protein 

present in expression profiles of 163 full-length genes in the Arabidopsis MYB 

superfamily Yanhui et al., (2006), Oryza sativa Lu et al.,) 2002), Medicago truncatula 

Verdier et al., (2012), Glycine max Gillman et al., (2011), Lotus japonicus Volpe et al., 

(2013). The Myb DNA-binding domain is present in members of all major classes of 

eukaryotic organisms, including plants, animals, fungi, cellular slime molds, and protists 

(Frampton, 2004; Lipsick, 1996). 
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Phylogenetic analysis reveals that Roselle RMYB has significant similarity with 

MYB genes from Oryza sativa, Arabidopsis thaliana, Medicago truncatula, Lotus 

japonicus and Glycine max. RMYB is grouped with MYB protien from Oryza sativa.  

The phylogenetic comparison of the groups of MYB protein superfamily in 

Arabidopsis and rice suggested that the Arabidopsis MYB superfamily underwent a rapid 

expansion after its divergence from monocots but before its divergence from other dicots 

(Yanhui et al., 2006). 

3.5 3-D modeling of RMYB protein from Hibiscus sabdariffa 

In this research, model of RMYB protein of Hibiscus sabdariffa was generated 

from I-TASSER. Ramachandran plot for RMYB has been done by  PROCHECK 

(Laskowski et al., 1993). A plot has been drawn between the Phi (Φ) and Psi (Ψ) torsion 

angles of all residues of the predicted proteins, except the amino acids present at the chain 

termini. Glycine residues are shown in black triangles. The residues in the core (red 

colored) region represent the most favored combinations of the torsion values indicating 

low-energy regions and the additional/generously allowed regions are in yellow. 

Altogether more than 78% of the residues were found to be in favored and allowed 

regions, which validate the quality of homology models. In the generated model of 

RMYB, the distribution of residues in the most favored regions is 77.9. This infers that 

RMYB as fairly good protein model.  

The expression analysis of RMYB revealed up-regulation of this novel protein 

under salt stress conditions while very weak signals were detected in all tissues under 

normal conditions.  Study of MYB gene family in Triticeae. The  overexpression of a 

salt-inducible gene (TaMYB32) enhanced the tolerance to salt stress in transgenic 

Arabidopsis (Zhang et al., 2011).  
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Real-time PCR of the tissue specific study revealed that the expression of RMYB 

higher in stem, leaf followed by lower in root tissue. (Yadav et al., 2012) reported that  

increasing amount of  salt stress, transgenic tobacco plants exhibited reduced Na
+
 content 

in root and leaf and higher concentrations in stem and xylem sap relative to WT, which 

suggests a role of SbSOS1 in Na
+
 loading to xylem from root and leaf tissues. 

Work done by Ji et al., (2012) showed The MYC genes were highly induced in 

the roots in response to ABA, NaCl and osmotic stresses after 3 h;  however, in the stem 

and leaf tissues, MYC genes were highly induced only when exposed to these stresses for 

6 h. In addition, most of these MYC genes were highly expressed in roots in comparison 

with stems and leaves. 

Studies in soybean revealed that GmMYB76, GmMYB92, and GmMYB177 are induced 

by several abiotic stress conditions and overexpression of these TFs improves tolerance to 

salt and freezing in Arabidopsis (Liao et al., 2008). 

In addition, the proteins of the MYB superfamily play central roles in 

developmental processes and defence responses in plants. Wheat  salt-inducible gene, 

TaMYB32, enhanced the tolerance to salt stress in transgenic Arabidopsis (Zhang et al., 

2011). 

Our initial data for presence and up regulation of Roselle RMYB gene in all plant 

tissues examined under salt stress, the evidence suggested that the RMYB proteins might 

be involved in signal transduction networks and stress responses pathways and plays an 

important role in salt stress.  Stem have a higher level of RMYB transcript than leaves and 

root. Transgenic technology is a powerful technique for improving plant yield, quality, 

and tolerance to abiotic and biotic stress as well for fundamental basic research, such as 

investigating the gene function (Zhang, 2013). 
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Plant tolerance to salt stress is a multigenic trait and requires the coordinated 

action of several genes, but it is evident from several reports that overexpression of a 

single gene can also impart salt tolerance to plants (Apse et al., 1999; Jha et al., 2011; 

Rajagopal et al., 2007; Shi et al., 2003; Jha et al., 2011; Shi et al., 2003;Apse et al., 1999; 

Shi et al., 2003). 

After isolation and confirmation of salt tolerant gene from Hibiscus sabdariffa 

further aims was to clone RMYB gene in plant expression vector and transform into 

Gossypium hirsutum. In the present study pCAMBIA vector was used to transform as it 

has been used by a number of investigator to transform the genes like SbNHX1 gene in 

Jatropha Jha et al., (2013), AmMYB1 in tobacco plants Ganesan et al., (2012a), 

ARAhPR10 gene in peanut Xie, (2013)  as it offers high copy number in E. coli. 

The shoot meristem based plant regeneration system is mostly genotype-

independent and provides a potential target for T-DNA delivery by Agrobacterium and 

direct gene transfer method (Sticklen and Oraby, 2005). Another main advantage using 

the shoot apex explants is that rapid regeneration of shoots can be achieved from 

transformed shoot apices unlike shoot regeneration from transformed calli and protoplasts 

which involve several rounds of subculture involving risk of generating mutations 

(Arockiasamy and Ignacimuthu, 2007). 

For gene manipulation the development of an efficient transformation system is an 

important tool. In my research, I used a shoot cut apex method (Smith et al., 1992). A 

hundred of cotton embryos of CIM-496 variety were isolated. a total of 400 transgenic 

(after 3-4 weeks) and 106 transgenic plants (after 6-8 weeks) were recovered. Whereas 

only 18 RMYB successfully shifted in pots.  

The transgenic plants obtained in the present study were phenotypically normal, 

before shifting to soil again roots were treated with IBA solution. Total 18 plants were 
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shifted into soil for greenhouse and finally subjected to different molecular and biological 

analysis. 

The integration and expression studies of putative transgenic plants were 

performed via GUS assay; PCR from genomic DNA analysis. The functional GUS gene 

produces blue coloration in plants upon integration into the plant genome when placed in 

GUS substrate: (X -Gluc).  

β-glucuronidase activity at the regenerating sites indicated the amenability of 

explants to Agrobacterium-mediated transformation (Dey et al., 2012). GUS expression 

in leaves of cotton variety CIM-496 and tobacco was studied through histochemical GUS 

assay. The blue spots on leaves confirm the transformation system and presence of 

RMYB gene into transformed plants as compared with the non-transformed. Plants which 

showed GUS activity were considered as transgenic plants. 

Abiotic stresses such as salt and drought are becoming the major problem world- wide 

and particularly in developing countries like Pakistan and Sudan. Molecular transfer of 

economically valuable genes to crop plants offers completely new possibilities in the area 

of molecular biology and crop improvement. More research still needed to produce stress 

tolerant crops which have ability to give better yields. The present study identified for 

first time from Roselle (Hibiscus sabdariffa L) 9 transcripts from salt stress and 15 

transcripts from drought as well as full-length gene from salt stress. Cloning and 

transformation in cotton (Gossypium hirsutum L.) also achieved. These novel findings 

will help to develop stress resistant crop cultivars in both countries. 
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APPENDICES 

 

Appendix 1 

RNA Extraction Buffer I 

 2%  Hexadecyltrimethylammonium bromide (CTAB) 

 2% Polyvinylpyrrolidone (PVP)  

 100 mM Tris HCl pH:8 

 25mM EDTA 

 2% Mercaptoethanol 

 2M NaCl 

RNA Extraction Buffer II 

1.      Pipette out 100 mL phenolic phase from phenol solution in a RNase-free container. 

2.      Add 2.6 g of Sodium acetate (FW, 82.03; Sigma, Cat No. S2889). 

3.      Add 100 mg of SDS (Sigma, Cat No. L4390). 

4.      Vortex or stir to dissolve completely. 

5.      When dissolved, add 2 mL of DEPC treated EDTA (0.5 M; pH, 8.0) solution. 

6.       Vortex to obtain homogenized solution. 

7.      Store at 4º C. 

Appendix 2 

TAE Buffer (50X) 

 Tris base      242g 

 Glacial acetic acid     57.1mL 

 O.5M EDTA (pH: 8)      100mL 
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Appendix 3 

PCR Buffer 

 100mM Tris-Cl (pH 8.4),  

 500mM KCl,  

 15-20mM MgCl2 (1% Triton) 

Appendix 4 

Composition of Polyacrylamide Gel 

 Urea       16.8g 

 10X TBE       2 mL 

 40% Acrylamide: Bisacrylamide  7.5 mL 

 Water      35 mL 

 Total Volume after urea dissolved to              40mL 

10X TBE Buffer  

 Tris base       107.8g 

 Boric acid        55.0g 

 EDTA         7.44g 

 Dissolve in 800 mL deionized water, then bring total volume to 1 L 

 With deionized water 

0.5% acetic acid in 95% ethanol  

 1mL glacial acetic acid      1mL 

 95% ethanol        199mL 

Fix/stop Solution 

 Ethanol 100%                                                    100mL 

 Glacial acetic acid       50mL 

 Deionized water                  850mL 
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Staining Solution 

 Silver nitrate           1g 

 Formaldehyde37%                                                      1.5mL 

 Deionized water     1000mL 

Developing Solution 

 Formaldehyde37%                                                       5mL 

 Sodium thiosulfate 10mg/mL                                       200μL 

 Sodium hydroxide (NaOH)                                          15g 

 Deionized water       1000mL 

Appendix 5LB Broth (1L) 

 Yeast extracts                  5g 

 Bactotrypton                 10g 

 NaCl                  10g 

Dissolved in 1 liter of distilled water, adjusted pH: 7.5 and autoclaved. 

LB AGAR 

 LB containing 15 g / liter of Bacto Agar 

Appendix 6 

S.O.B. MEDIUM 

 Tryptone                                       20 g 

 Yeast Extract                     5 g 

 NaCl                      0.584 g 

 KCl                      0.186 g 

Dissolved in 1 liter of distilled water, adjusted pH: 7.0 and autoclaved. 

S.O.C. MEDIUM 

2M Mg


 STOCK 

 MgCl2. 6H2O                     20.33 g 

 MgSO4.7H2O                     24.65 g 

Dissolved in 100mL of distilled autoclaved water. 
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Appendix 7 

Solution 1 

 25mM Tris HCl 

 10Mm EDTA 

 50mM Glucose 

Solution 2 

 0.2M NaOH 

 1% SDS 

Solution 3 

 3M Potassium Acetate (pH 4.8) 

Appendix 8 

DNA Extraction Buffer: 

 0.5M glucose. 

 0.2M Tris-Hcl 

 5mM Ethylene diamine tetraacetic acid (EDTA) 

 2% Poly vinyl pyrrolidone (PVP)  

 0.2% Mecaptoethanol 

DNA Lysis Buffer: 

 0.2% Mercaptoethanol 

 1.4 M NaCl 

 25mM Ethylenediaminetetraacetic acid (EDTA) 

 2% Hexadecyltrimethylammonium bromide (CTAB) 

 2% Polyvinylpyrrolidone (PVP) 
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Appendix 9 

Yep Medium 

 Yeast extract                 10g/l 

 Bactopeptone                 5g/l 

 NaCl                  10g/l 

 pH                  7.5 

YEP AGAR 

 YEP containing 15 g / liter of Bacto Agar  

MS Medium (Murashige and Skoog, 1962) Composition 

 MS Salts               4.46 g/L 

 Sucrose               30g/L 

 pH                5.7-5.8 

  after autoclave add B5 vitamins            1mL/L 

 phytagel               3g/L 

Appendix 10 

Drug/ Substrate Stocks 

Kanamycin stock (50mg/mL) 

 Kanamycin                                                                1g 

 Dissolved in 20 mL of sterile water,  

 Filtered through a 0.22 µm filter   

 Aliquoted in appendroff 1 mL in each 

 Stored at -20C. 

 Used at 1:1000 dilution in LB or LB-Agar. 
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Stocks Solution  of  X – Gal (40mg/mL) 

 x-gal                                                                          1g 

 dissolved 100 mg of x-gal  into  5 ml of  Dimethylformamide  

 Divided into 1 mL aliquote 

 Dark storage recommended 

 Wrap aliquots in aluminum foil 

 Storage at -20ºC 

Appendix 11 

Anthrone reagent composition 

 Anthron salt         0.4 g 

 Conc.H2SO4       200 mL 

 Dist. H2O        60 mL 

 Ethanol (95%)                  15 mL 

Acid ninhydrin solution 

 Ninhydrin           1.25 g 

 Glacial acetic acid          30 mL 

 H3PO4 (6M)         20 mL 
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