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SUMMARY 

21st century is the era where modern genomic approaches like gene identification, their characterization 

and expression under various abiotic stresses lead to the development of resistant crop plants. In this 

regard cDNA microarray is a powerful approach for studying a large number of genes for those crops 

whose genome is not yet sequenced. There is not much information available on Gossypium drought 

tolerant root genes and cotton root genome chip is not available for abiotic expression studies. Therefore 

present study was aimed to develop drought stressed Gossypium arboreum cDNA microarray chip and its 

expression studies to find out potentially novel drought stressed clones that are expressed in roots.  

Morphological characters like plant height and root length decreased in drought stressed plants due to 

shortening of cell expansion in plants. Whereas fresh shoot weight, dry shoot weight, dry root weight and 

root shoot ratio increased in drought stressed plant due to assimilation and partitioning of dry matter 

under drought stress. In case of physiological and gas exchange parameters, relative water contents were 

significantly higher in control plants while cell membrane thermostability was found to be higher in 

drought stress plants which allows accumulation of ions, electrolytes and Osmolytes in drought stressed 

plants. Keeping an eye on gas exchange parameters it was found that transpiration rate, Stomatal 

conductance and instantaneous water use efficiency is significantly higher in drought stressed plants 

which shows their efficient utilization of carbon dioxide and water under drought stress. 

With regard to biochemical attributes both in roots and leaf tissue it was found that proline, total soluble 

protein, total soluble sugars and total free amino acids are significantly higher in drought stressed roots 

and leaves as compared to control plant tissues. Biochemical assays were performed in roots to confirm 

the significant accumulation of macro molecules that could lead to support the idea of work for the search 

of drought tolerant functional EST in roots of G. arboreum which are the results of  kinases , transcription 

factors and binding proteins plays an important role in activation & accumulation of ions, 

macromolecules (protein, sugars, amino acids) in drought stressed roots.  

A cDNA library from drought stressed roots has been constructed. Ten thousands clones were randomly 

picked and PCR amplified. The inserts size was found in a range of 200-1000bp. Seven hundred eleven  
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(711) clones (submitted to NCBI GenBank JK757087 - JK757798) were sequenced and annotated. 

Twenty four percent (24%) clones didn't show significant homology to GenBank non-redundant database. 

It showed the potential of cotton (G.arboreum) genome for the identification of new genes under abiotic 

stresses. Twenty seven percent (27%) clones show sequences with Gossypium species, seven percent 

(7%) significant homology with Populus trichochorpa sequences, six percent (6%) with Oryza, five 

percent (5%) with Zea mays, four percent (4%) with Glycine max, three percent (3%) with Medicago and 

Niocotiana species, two percent (2%) with Arabidopsis, Atriplex and Ricinus species, while forteen 

percent (14%) have significant homology with other plant species. 27% homology with cotton confirms 

the authenticity of the cotton cDNA library. It  showed a collection of valuable drought stress (response to 

water deprevation) tolerant EST that include stress proteins (late embryogenesis abundant, heat shock 

protein, dehydrin, ERD six like1) Transcription Factor (Cys2/His2-type zinc-finger proteins, WRKY, B-

box type zinc finger family, NAC domain containing protein, MADS-box protein, Homeodomain leucine 

zipper, Basic Helix-Loop-Helix), Kinases (diacylglycerol kinase, Shaggy like kinases, Histidine kinase, 

leucine rich repeat receptor, RAN GTPase activating protein kinase, like auxin resistant), Binding protein 

(ATP-Binding Cassette, TGF-β receptor interacting protein, Acyl-COA binding protein, RAS-related 

GTP-binding nuclear protein) Transferases (glutathione transferase), flavin mononucleotide. All these 

dehydration responsive factors are involved in the regulation of abscisic acid pathway interaction either 

directly or indirectly. Ultimately these kinases, transcription factors, transporters, and macromolecules 

contribute toward the activation of early responsive drought tolerant genes in plants.  

The clones (amplified PCR products) were printed in duplicate at an expected ratio of 9,408 spots per 

microarray chip. The labeled cDNAs were prepared from total RNAs of control and drought stressed root. 

These labeled cDNAs were hybridized to cDNA chips, scanned and data were analyzed. Twenty (20) 

clones were found to be differentially expressed on cDNA microarray platform. The microarray results 

were validated by real time PCR. EST sequences of potential candidates for drought genes were BLAST 

to NCBI GenBank for their homology search against nucleotide, EST and protein data bases, using 

BLASTX and BLASTN. Out of twenty, ten (10) ESTs were novel (didn’t showed any homology) to 

NCBI GenBank nucleotide, EST and protein data bases. Seven (07) have shown homology in all the three 

http://www.google.com.pk/search?hl=en&biw=1441&bih=618&sa=X&ei=-HTRT7f9HKT8mAWS8-jxAg&ved=0CAYQvwUoAQ&q=abscisic&spell=1
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databases. Ten (10) have shown homology to only EST database, seven (07) to EST and protein database 

and four (04) to nucleotide and protein database. 

Functionally annotation differentially expressed drought stressed clones clustered, into novel (10), 

response to abiotic stress and stimulus (total 06 having 03 novel), signal transduction (total 02 having 01 

novel), transport (total 02 having 01 novel), developmental processes (total 03 having 01 novel), cell 

organization & biogenesis (total 02 having 01 novel), electron transport (01), DNA or RNA binding (03), 

transcription factor activity (total 03 having 02 novel), hydrolase activity (total 03 having 02 novel), 

transporter activity (03 having 01 novel) and kinase activity (01).  
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1. Introduction 
The cultivated members of the Gossypium (cotton genus) are among the mainly important field crops in the 

world primarily due to the intrinsic value of their lint (fiber). Cotton lint as soft, breathable textile goods has 

added greatly to the comfort, style and culture of human civilization. The cotton plant also is an important 

source of vegetable oil used widely in foodstuffs for baking and frying and in spreads such as margarine and 

mayonnaise. The seed bagasse is used as raw materials in livestock feed, fertilizer, paper and biofuel. In spite 

of the importance of cotton’s secondary products, 90% of cotton’s value resides in the lint fiber. While 

Gossypium species are endemic to the tropics and subtropics, about 33 million hectares of cotton are planted 

annually in almost 70 countries (ICAC 2006) ranging from latitudes 47°N in Ukraine (UNCTAD 2006) to 

about 34°S in Australia (AOGTR 2002). The top six cotton producing countries in the 2000 to 2005 seasons 

include, by the average order of importance, China, the United States, India, Pakistan, Uzbekistan, and Brazil, 

and collectively account for almost three quarters of the world’s cotton production (NCC 2006). 

Gossypium contains nine different genome groups comprising approximately 50 species whose phylogenetic 

relationships have been well-studied (Wendel and Cronn, 2003). The A-, D-, and AD genome groups have 

received special attention, as four different species [Gossypium herbaceum (A1), Gossypium arboreum (A2), 

Gossypium hirsutum (AD1) and Gossypium barbadense (AD2)] have been domesticated for their abundant 

seed trichomes. These species collectively provide the foundation for the textile industry worldwide, with most 

cotton today deriving from G. hirsutum, or upland cotton. Gossypium hirsutum, also known as upland cotton, 

Long Staple Cotton, or Mexican Cotton, produces over 90% of the world’s cotton; G. barbadense, also known 

as Sea Island Cotton, Extra Long Staple Cotton, American Pima, or Egyptian Cotton, contributes 8% of the 

world’s cotton and G. herbaceum, and G. arboreum, also known as Tree Cotton, together provide 2% of the 

world’s cotton. Cotton accounts for 6.9% the value added in agriculture and about 1.4% to GDP of country. 

Cotton is being cultivated on 2.68 million hectare area in the country, with an annual production of 11.4 

million bales and 725 kgha-1 yield (Anonymous, 2010-11). Pakistan is among the top four cotton growing 

countries, who are the responsible for production of 2/3 world’s cotton (Zhang et al. 2008). Presently in 
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Pakistan, there is 11.3 percent reduction in the cotton crop due to various reasons, including biotic and abiotic 

stresses (Anonymous, 2010-11). 

Food productivity is decreasing due to detrimental effects of various biotic and abiotic stresses; therefore 

minimizing these losses is a major area of concern to ensure food security under changing climate. 

Environmental abiotic stresses, such as drought, extreme temperature, cold, heavy metals, or high salinity, 

severely impair plant growth and productivity worldwide. Approximately one third of the cultivated area of the 

world suffers from chronically inadequate supplies of water (Massacci et al., 2008). 

Low temperature, drought, and high salinity are common stress conditions that adversely influence plant 

growth and crop production. Water scarcity (commonly known as drought) can be defined as the absence of 

adequate moisture required for a plant to grow normally and complete its life cycle (Zhu 2002). The lack of 

adequate moisture leading to water stress is a common occurrence in rainfed areas, brought about by 

infrequent rains and poor irrigation (Wang et al. 2005). Understanding the mechanisms by which plants 

perceive environmental signals and transmit the signals to cellular machinery to activate adaptive responses is 

of fundamental importance to biology. 

Drought triggers a wide variety of plant responses, ranging from cellular metabolism to changes in growth 

rates and crop yields. Understanding the biochemical and molecular responses to drought is essential for a 

holistic perception of plant resistance mechanisms to water-limited conditions (Anjum et al 2011).  

The determination of the mechanisms directly involved in drought tolerance remains a challenging task since 

drought is a complex trait that involves several metabolic pathways (Price et al 2002). The identification and 

isolation of genes associated with drought tolerance is of major importance in order to better understand this 

trait and increase the efficiency in developing drought tolerant crop plants (Tuberosa and Salvi 2006, 

Sreenivasulu et al 2007).  

At the molecular level, the response of roots to water limiting conditions seems to be crucial to trigger drought 

tolerance mechanisms, since roots are one of the primary sites for stress signal perception in which a signaling 

mechanism initiates a cascade of gene expression responses to drought. These transcriptional changes can 

result in successful adaptations leading to stress tolerance by regulating gene expression and signal 
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transduction in the stress response (regulatory proteins) or directly protecting the plant against environmental 

stress (functional proteins) (Périn et al 2007). 

Serving as interfaces between plant and the soil, roots are much more exposed to drought stress than the upper 

plant parts. Therefore, the root system can be as affected, or even more affected, than the aerial parts of the 

plant for drought stress (Franco et al., 2011). Nevertheless, the influence of this stress on root activity and 

development has been much less studied. Undoubtedly, this is due to limitations on accessibility for root 

observations; being studies on root system dynamics especially difficult because they require successive, non-

destructive measurements (Franco et al., 2002a).  

Efficient water uptake is an important determinant of drought resistance. Water uptake depends on root size 

(length or mass), activity, and spatial distribution. Most existing research on roots has focused on morphology 

and growth. Extensive, deep rooting often as been emphasized in relation to drought resistance (Marcum et al., 

1995). However, little is known about the genetic variations in physiological and biochemical responses of 

roots to limited soil moisture. Moreover, extremely limited information is available about physiological factors 

controlling root mortality under drought stress. 

Understanding the plant’s response to abiotic stresses requires monitoring the transcriptome of the plant in a 

temporal and spatial manner. Therefore, expression profiling is the preferred method to identify genes 

involved in abiotic stress responses. Indeed, microarrays have been used extensively in abiotic stress research 

in various species (Kawasaki et al. 2001; Fowler and Thomashow 2002; Kreps et al. 2002; Seki et al. 2002). 

Microarray technology allows for the purpose of transcript profusion for many or all transcripts in a genome 

by comparing control and experimental states. The RNAs from different treatments are distinguished by the 

incorporation of different fluorescent labels (Schuchardt et al., 2000; Deyholos and Galbraith, 2001). With 

appropriate controls and repeated experiments, significant data are obtained on gene expression profiles under 

various conditions or in various organs. The microarray data have already been analyzed concerning a number 

of plant processes, such as seed development (Girke et al., 2000), wounding responses (Reymond et al., 2000), 

nutrient-dependent changes in expression profiles (Wang et al., 2000), and environmental stress responses 

(Kawasaki et al., 2001; Seki et al., 2001, 2002a, 2002b; Kreps et al., 2002; Ozturk et al., 2002). However, the 
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DNA microarray data is not sufficient for determining correct expression profiles due to limited accuracy of 

the obtained data.  

Transcriptional profiling studies of above-ground tissues responding to drought stress are far more prevalent 

than similar analyses of root tissues, with most performed on angiosperms (Deyholos 2010). However, 

microarrays have been utilized to profile gene expression in water-stressed roots from Arabidopsis (Kreps et al 

2002) rice (Yang et al 2004),  wheat (Mohammadi et al 2008), corn (Spollen et al 2008), bean (Micheletto et 

al 2007), sorghum (Buchanan et al 2005), and alfalfa (Chen et al 2008).These studies have identified genes 

that generally correspond well with those identified in aboveground tissues, including differential expression 

of genes involved in ABA metabolism, signaling, stress tolerance (LEA’s, dehydrins, and chaperones), 

membrane transport (aquaporins),transporters and biosynthetic enzymes for compatible solutes (osmolytes), 

and enzymes for detoxifying ROS. 

The present study was proposed to explore the potential of drougt tolerant transcripts in the root of Gossypium 

arboreum. Since far Gossypium genome is not yet sequenced and still no commercial gene chip is available to 

find the potential abiotic stress tolerant genes in cotton. While desiging and focusing the cotton root genome 

chip we can find out more abiotic stress tolerant transcripts particularly expressed under drought stress.  

These studies can helpful in providing and facilitating potential novel abiotic related transcripts for the 

development of drought tolerant cotton varities among plant biologists. The potential and novel drought 

tolerant candidate transcripts can be further used to modify the architecture of crop followed by their cloning 

and characterization in plants so that tolernat varities can better cope abiotic stresses in future.   
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2. Review of Literature 
2.1 COTTON 

The word “cotton” is a modified form of “al qatan” (an Arabic word). Origin of cotton plant is unrevealed until 

now. One of the first archeological discoveries of cotton usage in the world is located in Pakistan at Mohenjo 

Daro. This site is over 5000 years old. Present day breeding and selection are a continuation of the 

domestication process. The cotton plant is perennial tree but has been domesticated to be grown as a pseudo-

annual shrub. Wild species of cotton generally occur in frost-free areas of the subtropical and tropical regions. 

Freezing temperatures kill the protoplast of all cultivated species and most of the wild species. Therefore, 

cotton is a warm climate crop. It is planted in spring or early summer and harvested in late fall or early winter. 

Cotton is sun loving plant but not a water loving plant. Water requirements of cotton depend on weather 

conditions, but a successful cotton harvest requires at least 75cm of rain or irrigation water. On an average 

cotton is primarily grown between 37oN and 32oS (ICAC, http://www.icac.org/cotton).  

Cottons (Gossypium spp.) is a member of the genus Gossypium and the family Malvaceae. Gossypium has 45–

50 species. Majority of the species are diploids (2n = 26). Five species are allotetraploids (2n = 52). The 

species are clustered into eight (8) genome groups, referred as A to G and K, on the basis of chromosome 

pairing affinities (Endrizzi et al. 1984). The species, referred as (AD)1 to (AD)5 on the basis of their genome 

constitutions. Phylogenetic studies grouped the diploid species of Gossypium into two major lineages, one is 

the 13 D-genome species lineage and the other is 30-32 A-, B-, E-, F-, C-, G-, and K-genome species lineage, 

and the tetraploid species into one lineage (5 AD). Only four species, two allotetraploids (G. hirsutum and G. 

barbadense) and two diploids (G. herbaceum and G. arboreum) are cultivated (Wendel and Cronn, 2003).  

Gossypium hirsutum, also called as Upland cotton, Long Staple Cotton, or Mexican Cotton, shares more than 

90% of the world’s cotton, G. barbadense, also called as Sea Island Cotton, Extra Long Staple Cotton, 

American Pima, or Egyptian Cotton, shares 8% of the world’s cotton, and G. herbaceum, also known as 

Levant Cotton, and G. arboreum, also known as Tree Cotton, together contribute 2% of the world’s cotton 

(Jiang et al. 1998). 
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Cotton is not only a source of textile fiber and oilseed crop, but also has importance for fuel and bioengergy 

production. According to the Food and Agriculture Organization (FAO) of the United Nations 

(http://www.fao.org), the cotton planting area is almost 35 million hectares and the total world’s cotton 

production had a record of about twenty three million metric tones in 2004/2005.  

G. arboreum ( A genome ), has a number of better agronomic traits, such as disease and insect resistance, high 

fiber strength, and tremendous plasticity, which is deficient in upland cotton cultivars. Due to these reasons G. 

arboreum is still planted. G. arboreum is generally considered as one of the best member of the A genome 

(Endrizzi et al. 1984, Wendel et al. 1995). Therefore, the G. arboreum species is important for agricultural 

production, genomic and evolution research in cotton. In broad-spectrum G. arboreum is low yielder but in 

fact it can grow under the poorest cotton growing situations and low management. Due to inherent abiotic 

tolerance in G. arboreum, the effect of environmental stresses not resulted in reduction of its acreage as 

compared to other species. Due to this the decrease in G. arboreum between normal and stressed is 25 percent 

as compared to over 75 percent in G.hirsutum (Borole, 2000). 

2.2 CURRENT COTTON SITUATION IN PAKISTAN  

Recently, Pakistan’s agriculture is suffering a lot due to the severe shortage of irrigation water. The data for 

actual surface water availability during the last few years presented in Table 1, shows the decline in the actual 

surface water availability for both Kharif and Rabi in the range of 2.5 percent (2005-06) to 20.6 percent (2004-

05).  

Table1 Actual Surface Water Availability Million Acre Feet (MAF) 

Period Kharif Rabi Total %age inc/dcr.   

Average system usage 67.1 36.4 103.5 - 
2003-04 65.9 31.5 97.4 -5.9 
2004-05 59.1 23.1 82.2 -20.6 
2005-06 70.8 30.1 100.9 -2.5 
2006-07 63.1 31.2 94.3 -8.9 
2007-08 70.8 27.9 98.7 -4.6 
2008-09 66.9 24.9 91.8 -11.3 
2009-10 67.3 25.0 92.3 -10.8 
2010-11 53.4 34.6 88.0 -15.0 
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Relatively speaking, Kharif season 2010 faced more shortage of water than any other Kharif season since 

2003-04. During the current fiscal year (2010-11), the availability of water as a basic input for Kharif 2010 

(for the crops such as rice and cotton) has been 20 percent less than the normal supplies and 21 percent less 

than last year’s Kharif season (Economic survey of Pakistan 2010-11). 

Drought tolerance is a complex agronomic trait with multi-genic components which interact in a holistic 

manner in plant systems (Cushman and Bohnert, 2000). Water deficit (drought) is one of the common stress 

conditions that adversely affect plant growth and yield. Decreasing ground water supplies and high energy cost 

affect the production of irrigated cotton. Therefore, selection for drought tolerance is a major interest of plant 

breeders in cotton, as well as other agricultural commodities.  

2.3 ABIOTIC STRESSES 

A major challenge for current agricultural biotechnology is to satisfy an ever increasing demand in food 

production facing a constantly increasing world population that will reach more than 9 billion in 2050 

(Godfray et al. 2010; Tester and Langridge 2010). This growing demand for food is paralleled by dramatic 

losses of arable land due to increasing severity of soil destruction by abiotic environmental conditions. Thus, 

drought and salinity are the two major environmental factors that adversely affect plant growth and 

development and have a crucial impact on agricultural productivity and yields. Drought due to shortage of 

water is critical for crop production in large agronomic areas worldwide and it is usually coped with extensive 

irrigations. Although earth is rich in water, most water resources are highly salinized whereas high quality 

fresh water that is suitable for irrigation is extremely limited. Accordingly, not only drought but also soil 

salinity becomes increasingly an agricultural problem due to extensive spreading of agricultural practices as 

irrigation (Flowers 2004) and it urgently requires the breeding of crops with increased water use efficiency and 

salt tolerance. 

Plant experiences drought stress either when the water supply to roots becomes difficult or when the 

transpiration rate becomes very high. Available water resources for successful crop production have been 

decreasing in recent years. Furthermore, in view of various climatic change models scientists suggested that in 

many regions of world, crop losses due to increasing water shortage will further aggravate its impacts.  
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2.3.1 ENVIRONMENT AS LIMITNG FACTOR TO CROP PRODUCTION 

Levitt (1982) defines stress as “any environmental factor capable of inducing a potentially injurious strain in 

living Organisms”. Drought is a meteorological term and an environmental event which can be defined as a 

stress due to lack or insufficient rainfall and/or inadequate water supply (Toker et al., 2007). Abiotic stress is 

defined as environmental conditions that reduce growth and yield below optimum levels. Plant responses to 

abiotic stresses are dynamic and complex (Cramer 2010); they are both elastic (reversible) and plastic 

(irreversible). It is one of the major causes of crop loss worldwide resulting in reduction of average yields for 

most major crop plants by more than 50% (Bray et al., 2000; Wang et al., 2003). Drought, being the most 

important environmental stress, severely impairs plant growth and development, limits plant production and 

performance of crop plants, more than any other environmental factor (Shao et al., 2009). Drought impacts 

include growth, yield, membrane integrity, pigment content, osmotic adjustment water relations, and 

photosynthetic activity (Benjamin and Nielsen, 2006; Praba et al., 2009).  

2.3.2 MULTIPLE FACTORS LIMIT PLANT GROWTH 

Drought stress is affected by climatic, edaphic and agronomic factors. The susceptibility of plants to drought 

stress varies in dependence of stress degree, different accompanying stress factors, plant species, and their 

developmental stages (Demirevska et al., 2009). Adaptation of plants to water deficit is the result of different 

events, which lead to adaptive changes in plant growth and physio-biochemical processes, such as changes in 

plant structure, growth rate, tissue osmotic potential and antioxidant defenses (Duan et al., 2007). It has 

become imperative to elucidate the responses and adaptation of crops to water deficit, and take actions to 

improve the drought resistance ability of crop plants and to ensure higher crop yields against unfavorable 

environmental stresses.  

The plant responses to stress are dependent on the tissue or organ affected by the stress. For example, 

transcriptional responses to stress are tissue or cell specific in roots and are quite different depending on the 

stress involved (Dinney et al 2008). In addition, the level and duration of stress can have a significant effect on 

the complexity of the response (Tattersall et al 2007). 
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2.4 SIGNALING PATHWAYS 

Signaling pathways are induced in response to environmental stresses and recent molecular and genetic studies 

have revealed that these pathways involve many components. The multiplicity of information embedded in 

abiotic stress signals underlies one aspect of the complexity of stress signaling (Chinnusamy et al 2004). 

Nevertheless, most studies on water stress signaling have focused on primarily salt stress because plant 

responses to salt and drought are closely related and the mechanisms overlap (Zhu 2002). Responses to stress 

are not linear pathways, but are complicated integrated circuits involving multiple pathways and specific 

cellular compartments, tissues, and the interaction of additional cofactors and/or signaling molecules to 

coordinate a specified response to a given stimulus (Dombrowski 2003).  

Plants respond to these stresses at molecular and cellular levels as well as physiological level. Expression of a 

variety of genes has been demonstrated to be induced by these stresses. The products of these genes are 

thought to function not only in stress tolerance but also in the regulation of gene expression and signal 

transduction in stress response (Shinozaki et al 2002 c; Shinozaki et al 2003). Drought-tolerant plants maintain 

their turgor at low water potentials by increasing the number of solute molecules in the cell. Plant vacuoles 

constitute 40- 90% of the total intracellular volume of a mature plant cell and, in concert with the cytosol, 

generate the cell turgor responsible for growth and plant rigidity. Cell turgor depends on the activity of 

vacuolar H+ pumps that maintain the H+ electrochemical gradient across the vacuolar membrane, which 

permits the secondary active transport of inorganic ions, organic acids, sugars, and other compounds. The 

accumulation of these solutes is required to maintain the internal water balance. In principle, increased 

vacuolar solute accumulation could confer salt and drought tolerance.  

2.4.1 MULTIPLICITY OF SIGNALING PATHWAYS 

SENSORS 

Sensors are molecules that perceive the initial stress signal. Sensors will initiate (or suppress) a cascade to 

transmit the signal intracellular and in many cases, activate nuclear transcription factors to induce the 

expression of specific sets of genes. A single sensor might only regulate branches of the signaling cascade that 

are initiated by one aspect of the stress condition. Drought, salt and cold stresses have been shown to induce 

transient Ca2+ influx into the cell cytoplasm derived from either influx from the apoplastic space or release 
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from internal stores. Channels responsible for the Ca2+ influx represent one type of sensor for the stress 

signals. 

2.4.2 RECEPTOR-LIKE KINASES (RLKS) 

Receptor-like kinases (RLKs) are found in both animals and plants. Structurally, they consist of an 

extracellular domain that may function in ligand binding or protein-protein interactions, a transmembrane 

domain and an intracellular kinase domain. When the extracellular sensor domain perceives a signal, the 

cytoplasmic histidine residue is autophosphorylated and the phosphoryl moiety is then passed to an aspartate 

receiver in a response regulator, which may constitute part of the sensor protein or a separate protein. The 

sensors may couple with a downstream mitogen-activated protein kinase (MAPK) cascade or directly 

phosphorylate specific targets to initiate cellular responses. Upon receiving a signal from membrane receptors, 

cells often utilize multiple phosphoprotein cascades to transduce and amplify the information. Protein 

phosphorylation and dephosphorylation are perhaps the most common intracellular signaling modes. They 

regulate a wide range of cellular processes such as enzyme activation, assembly of macromolecules, protein 

localization and degradation. Secondary signals [i.e., hormones and second messengers: inositol phosphates 

and reactive oxygen species (ROS)] can initiate another cascade of signaling events, which can differ from the 

primary signaling in time and space (Xiong and Zhu 2001). 

2.4.3 SIGNAL TRANSDUCTION PATHWAYS 

Signal transduction networks for cold, drought, and salt stress can be divided into three major signaling types 

(Figure 1): (I) osmotic/oxidative stress signaling that uses MAPK modules which involves the generation of 

ROS scavenging enzymes and antioxidant compounds as well as osmolytes; (II) Ca2+ dependent signaling that 

lead to the activation of late embryogenesis abundant (LEA)-type genes (such as the DRE/CRT class of genes) 

which involves the production of stress-responsive proteins mostly of undefined functions and (III) Ca2+ 

dependent salt overlay sensitive (SOS) signaling that regulates ion homeostasis. It involves the SOS pathway 

which is specific to ionic stress (Xiong et al 2002). 

2.4.3.1 TYPE I OSMOTIC/OXIDATIVE STRESS SIGNALING 

Salt, drought, heat, cold stress and oxidative stress are accompanied by the formation of ROS such as 

superoxide, hydrogen peroxide, and hydroxyl radicals, causing extensive cellular damage and inhibition of 
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photosynthesis. This phenomenon is called oxidative stress and is known as one of the major causes of plant 

damage as a result of environmental stresses (Sunkar et al 2003). Compounds, such as osmolytes, proteins and 

amphiphylic molecules (e.g. tocopherol), function as ROS scavengers (Xiong et al 2002). Recent studies 

indicate that compatible solutes can also act as free radical scavengers or chemical chaperones by directly 

stabilizing membranes and/or proteins Compatible solutes fall into three major groups: amino acids (e.g. 

proline), quaternary amines (e.g. glycine betaine, dimethylsulfoniopropionate) and polyol/sugars (e.g. 

mannitol, trehalose) (Wang et al 2003). 

2.4.3.2 TYPE II ACTIVATION OF LEA TYPE GENES 

Ca2+ is involved in various intracellular signaling processes, both in animals and plants. As such, the 

concentration of intracellular Ca2+ is carefully tuned. Ca2+ concentration in the cytosol is low, and upon 

stimulation, Ca2+ is released from intracellular storage or enters the cell via various Ca2+ channels. Cold, 

drought and salinity have been shown to induce transient Ca2+ influx into the cell cytoplasm. Channels 

responsible for this Ca2+ influx represent one type of sensor for these stress signals. Calcium-dependent protein 

kinases (CDPKs) are implicated as important sensors of Ca2+ influx in plants in response to these stresses. 

CDPKs are serine/threonine protein kinases with a C-terminal calmodulin-like domain with up to 4 EF-hand 

motifs that can directly bind Ca2+. CDPKs are encoded by multigene families, and the expression levels of 

these genes are spatially and temporally controlled throughout development. In addition, a subset of CDPK 

genes responds to external stimuli. The CDPK pathway seems to be more connected to increasing the 

expression of LEA proteins for antidesiccation protection (Serrano et al 2003). 

 Pathways leading to the activation of LEA-type genes including the dehydration-responsive element 

(DRE)/C-repeat (CRT) class of stress-responsive genes may be different from the pathways regulating 

osmolyte production. The activation of LEA-type genes may actually represent damage repair pathways 

(Xiong et al 2002). During development and maturation, when natural desiccation takes place, seeds 

accumulate transcripts and proteins at a relatively high concentration; for this reason, the first found, proteins 

were named LEA proteins.  
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LEA proteins accumulate under conditions of extreme desiccation in higher plants (Arroyo et al 2000). Water 

deficit, high osmolarity, and low temperature stress results in the accumulation of a group of LEA proteins. 

Such proteins may preserve membrane protein structure and integrity by binding water, preventing protein 

denaturation or renaturing unfolded proteins, and sequestering ions in stressed tissues. LEA proteins and 

chaperones have shown to be involved in protecting macromolecules like enzymes, lipids and mRNAs from 

dehydration (Shinozaki et al 2002). LEA proteins have been grouped into at least six families on the basis of 

sequence similarity (Eimer 2004). 

2.4.3.3 TYPE III SOS PATHWAYS LEADS TO ACTIVATION OF HOMEOSTASIS 

SOS signaling appears to be relatively specific for the ionic aspect of salt stress and is calcium-dependent. The 

targets of this type of signaling are ion transporters that control ion homeostasis under salt stress. Because the 

SOS pathway operates during ionic stress, it is thought that homologs of SOS3 and SOS2 may also function in 

the transduction of other stress or hormonal signals. Including SOS2 and SOS3, Arabidopsis has eight SOS3-

like Ca2+ binding proteins and 22 SOS2-like protein kinases (Guo et al 2001). 

During biotic or abiotic stress, plants produce increased quantity of hormones such as ABA and ethylene. In 

addition, salicylic acid and perhaps jasmonic acid may be involved in some parts of stress responses. These 

hormones may interact with one another in regulating stress signaling and plant stress tolerance. Salt, drought, 

and to some extent, cold stress cause an increased biosynthesis and accumulation of ABA by activating genes 

coding for ABA biosynthetic enzymes, which can be rapidly catabolized following the relief of stress Many 

stress-responsive genes are upregulated by ABA. In addition, ABA feedback stimulates the expression of ABA 

biosynthetic genes, through a Ca2+-dependent phosphoprotein cascade. The observation that ROS may mediate 

both ABA signaling and ABA biosynthesis suggests that the feedback regulation of ABA biosynthetic genes 

by ABA may be mediated in part by ROS through a protein phosphorylation cascade (Zhao et al 2001). 

These regulatory molecules can, in turn, initiate a second round of signaling that may follow the above generic 

pathway, although different components are often involved. The secondary signals may also differ in 

specificity from primary stimuli, which may be shared by different stress pathways, and may underlie the 

interaction among signaling pathways for different stresses and stress cross-protection. Therefore, one primary 
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stress condition may activate multiple signaling pathways differing in time, space, and outputs. These 

pathways may connect or interact with one another using shared components generating intertwined networks 

(Hasegawa et al 2000; Wang et al 2003). 

2.4.4 POSSIBLE OUTPUTS OF SIGNALING PATHWAYS 

Possible outputs of osmotic signaling pathways include gene expression and/or activation of osmolyte 

biosynthesis enzymes as well as water and osmolyte transport systems. Most of the other changes induced by 

salt or drought stress can be considered as part of detoxification signaling. These include (a) Phospholipids 

hydrolysis (b) Changes in the expression of LEA/dehydrin-type genes, molecular chaperones, and proteinases 

that remove denatured proteins (c) Activation of enzymes involved in the generation and removal of reactive 

oxygen species and other detoxification proteins (Zhu 2002). 
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2.4.5 REGULATION OF GENE EXPRESSION BY TRANSCRIPTION FACTORS (TFS) 

Transcription factors (TFs) are small molecules that attach to specific sites on a DNA molecule in order to 

activate or deactivate the expression of certain genes. Most of these TFs belong to a few large multigene 

families. Individual members of the same family often respond differently to various stress stimuli; on the 

other hand, some stress responsive genes may share the same TFs, as indicated by the significant overlap of 

the gene-expression profiles that are induced in response to different stresses (Seki et al 2001; Chen et al 

2002).  

Transcription-factor genes were found among the stress-inducible genes, suggesting that various 

transcriptional regulatory mechanisms function in the drought, cold or high-salinity stress signal transduction 

pathways. Molecular and genomic analyses have shown that several different transcriptional regulatory 

systems are involved in stress-responsive gene induction. Several different sets of cis- and trans-acting factors 

are known to be involved in stress-responsive transcription. Some of them are controlled by ABA but others 

are not, indicating the involvement of both ABA-dependent and -independent regulatory systems for stress-

responsive gene expression (Shinozaki and Yamaguchi 2004). 

2.4.5.1 bZIP TFS AND THEIR ROLE IN CONFERRING STRESS TOLERANCE TO PLANTS 

The emerging view of the salt- and drought-signaling network unequivocally supports a key and integrative 

function of members of the bZIP TFs in these regulatory networks and the potential of these factors to confer 

enhanced stress tolerance has been demonstrated repeatedly. A key regulator of salt stress adaptation, the 

group F bZIP TF bZIP24, was identified by differential screening of salt-inducible transcripts in A. thaliana 

and a halophytic Arabidopsis relative model species (Yang et al. 2009). Next to bZIP24 and its function in salt 

adaptation, group A bZIP factors AREB1, AREB2, and ABF3 have a key regulatory role in ABA signaling 

under drought stress. Thus, A. thaliana areb1 areb2 abf3 triple knock out mutants had increased tolerance to 

ABA and reduced drought tolerance (Yoshida et al. 2010). In addition, in other species as rice and tomato 

transgenic modification of group A bZIP TFs modified the tolerance of plants to water deficit and to salt stress 

(Amir Hossain et al. 2009; Hsieh et al. 2010) strongly suggesting trans-species potential of these factors for 

increasing stress tolerance. 
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2.4.5.2 ROLE OF WRKY TFs and Cys2/His2 ZINC FINGER PROTEINS IN THE REGULATION OF 
ADAPTATION TO OSMOTIC STRESS 

WRKY proteins regulate diverse plant processes ranging from development to various biotic and abiotic 

stresses as well as hormone-mediated pathways (Ramamoorthy et al. 2008). In A. thaliana, wrky63 knock out 

mutants showed decreased sensitivity to ABA and drought (Ren et al. 2010). In these plants, the stomatal 

closure and the expression of the AREB1/ABF2 TF were affected indicating involvement of WRKY factors in 

the ABA-dependent pathway of drought and salt adaptation (Ren et al. 2010). Interestingly, Zat proteins 

(TFIIIA-type Cys2/His2 zinc finger proteins) have been suggested to control and regulate WRKY functions 

(Miller et al. 2008). Thus, in soybean overexpression of GmWRKY54 conferred increased salt and drought 

tolerance and regulation of the GmWRKY54 by Zat10/STZ was hypothesized (Zhou et al. 2008). 

2.4.5.3 STRESS ADAPTATION AND MULTI-TRANSCRIPTIONAL REGULATION: AP2/ERF, MYB, and bHLH 
TFs 

Members of the DREB/CBF subfamily of the AP2/ERF TFs have been recognized for a decade for their roles 

in stress tolerance via ABA-dependent and -independent pathways and for their regulation of a stress-response 

sub-transcriptome with more than hundred target genes inclusive of regulatory factors such as ZAT12 and 

RAP2.1 (Shinozaki and Yamaguchi-Shinozaki 2000). As another example for multi-functional regulations, the 

R2R3-MYB TF AtMYB41 is transcriptionally induced in response to ABA, drought, salinity, and cold 

(Lippold et al. 2009). In addition, the factor influences cell expansion and cuticle deposition suggesting a 

linking function in abiotic stress response and cell wall modifications (Cominelli et al. 2008). 

2.4.5.4 NAC-TRIGGERED GENE EXPRESSION 

NAC type proteins are not only involved in diverse processes as developmental programs, defense, and biotic 

stress responses (Olsen et al. 2005) but they also have a key function in abiotic stress tolerance inclusive 

drought and salinity. Important evidence for cooperative regulation of stress responses by members of 

different TF families was provided by the study of Tran et al. (2007) that showed interaction and co-function 

of the drought, salt, and ABA inducible zinc finger protein ZFHD1 and a NAC factor. 
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2.5 MAPPING STRESS RESPONSIVE FACTORS (Kinases) PROVIDES US TO IDENTIFY GAPS IN 
KNOWLEDGE OF ABIOTIC STRESS RESPONSES 

From this review, we have constructed a simplified working model summarizing some of the known plant 

signaling responses to abiotic stress (Figure 2). Much of the signaling involves phosphorylation cascades that 

react quickly in the plant cell, emphasizing the need for proteomics data as well as transcriptomics data in 

future models. The MAPK, SnRK2, ZAT12, CPK pathways illustrates that protein phosphorylation and 

dephosphorylation are the most important factors in ABA signaling. Similar phosphorylation and 
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dephosphorylation processes are involved in ethylene and other abiotic stress signaling pathways (Figure 2).                                            

2.6 ROOT FUNCTIONS 

The main functions of a root system are anchorage and uptake of water and nutrients. In trees and other woody 

species, roots act as extensive below ground structures whose main role is to provide support rather than 

nutrient acquisition but in smaller plant species anchorage occurs largely as a secondary function of root 

growth and development in soil. Root meristematic cells integrate signals from the environment to regulate 

specific developmental responses and cope with external constraints. This post-embryonic growth and 

development requires the activation of hormone homeostasis and signaling pathways, transcriptional 

regulation by specific transcription factors and post-transcriptional regulation of developmental regulators by 

non-coding RNAs. These regulatory mechanisms may be particularly relevant to adjust differentiation 

processes to the environmental conditions encountered during growth, notably on primary and lateral root 

developmental programs. 

Cotton root growth follows a typical sigmoidal curve and continues to grow and increase until about the time 

when maximum plant height is achieved soon after flowering (Taylor and Klepper, 1974). Since cotton has 

taproot system, overall root density and exploring the available soil volume for water and nutrients depend on 

the development of lateral roots. The number of lateral roots produced depends on the number of xylem poles 

in the taproots of cotton seedling (McMichael et al., 1999). As the number of vascular bundles increased, high 

branching intensities of lateral roots also increased in 7-day-old seedlings of exotic cotton (McMichael et al., 

1987). Thus, modifying root system would be one of the ways to increase water use efficiency for drought 

resistance in cotton.  

2.7 MECHANISM OF DROUGHT TOLERANCE BASED UPON MORPHOLOGICAL AND PHYSIOLOGICAL 
TRAITS IN COTTON  

Previous studies reported that there is genetic variability for drought response in cotton subjected to water 

deficient (Cook and El-Zik, 1993; Lacape et al., 1998). A number of different morpho-physiological traits 

have been suggested as important selection criteria relative to drought tolerance in cotton. These include: 

distance from transition zone to the first main lateral root, taproot weight, number of lateral roots, seedling 

vigor, rapidity of root system development, and root/shoot ratio (Cook, 1985); longer taproot length (Pace et 
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al., 1999); reduced transpiration (Quisenberry et al., 1982); stomatal conductance and photosynthetic rate 

(Nepomuceno et al., 1998); leaf water content and carbon isotope discrimination (Leidi et al., 1999), and 

canopy temperature (T
o

c
) (Lacape et al., 1998). Water deficiency involves multiple components that influence 

plants at the morphological, anatomical, cellular and molecular levels.  

2.8 ROOT RESPONSES TO DROUGHT 

Drought resistance may be achieved by escape, avoidance, and tolerance (Levitt, 1980; Jones et al., 1981). 

Drought escape allows a plant to grow and complete its life cycle before soil moisture becomes limiting while 

drought avoidance is characterized by the maintenance of full hydration of leaves and stems of plants even 

under limited soil moisture availability. Plants can do so by decreasing water loss from shoots or by more 

efficient extraction of moisture from the soil. If the plant is adapted to dry conditions in such a way, the cells 

may avoid water deficit. The drought tolerance, in contrast, functions at the tissue or cellular level. When the 

cells begin to dry out, they respond by synthesizing substances (sugars, proteins, etc.) that permit the cells to 

function normally even under water deficit (Rao and Cramer, 2003). 

Under limited water conditions, roots tend to grow deeper into the soil. Consequently, more assimilates will be 

partitioned from shoot growth to root growth into moist zones (Tiaz and Zeiger, 2002). At very low water 

potentials, when shoot growth is completely inhibited, some roots may still elongate. Examples have been 

provided for the growth of nodal root of maize (Sharp and Davies, 1979) as well as for the primary roots of 

maize, cotton, soybean, and Arabidopsis (Sharp et al., 1988, 2004; Spollen et al., 1993; van der Weele et al., 

2000). This is thought to be an adaptive mechanism to ensure survival during times of drought, thus enabling 

plants to cope with unexplored water resources which are typically found in deeper soil layers (Sawkins et al., 

2006). Root characteristics that were reported to be important for plant to withstand drought stress, able to 

maintain growth and yield were; the overall size, maximum depth, and weight of seminal root (Tuberosa et al., 

2002b), the root length density and the root length / weight ratio (Aina and Fapohunda, 1986). 

2.9 EFFECT OF DROUGHT STRESS ON MORPHOLOGICAL CHARACTERISTICS. 

It has been established that drought stress is a very important limiting factor at the initial phase of plant growth 

and establishment. It affects both elongation and expansion growth (Anjum et al., 2003a; Kusaka et al., 2005; 
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Shao et al., 2008). Stem length was significantly affected under water stress in potato (Heuer & Nadler, 1995), 

Abelmoschus esculentus (Sankar et al., 2008). Water stress greatly suppresses cell expansion and cell growth 

due to the low turgor pressure. Osmotic regulation can enable the maintenance of cell turgor for survival or to 

assist plant growth under severe drought conditions in pearl millet (Shao et al., 2008). The reduction in plant 

height was associated with a decline in the cell enlargement and more leaf senescence in A. esculentus under 

water stress (Bhatt & Srinivasa Rao, 2005). 

The importance of root systems in acquiring water has long been recognized. The development of root system 

increases the water uptake and maintains requisite osmotic pressure through higher proline levels in Phoenix 

dactylifera (Djibril et al., 2005). An increased root growth due to water stress was reported in sunflower (Tahir 

et al., 2002) and Catharanthus roseus (Jaleel et al., 2008a & c). The root dry weight was decreased under mild 

and severe water stress in Populus species (Wullschleger et al., 2005). An increase in root to shoot ratio under 

drought conditions was related to ABA content of roots and shoots (Sharp and LeNoble, 2002; Manivannan et 

al., 2007b). 

Greater plant fresh and dry weights under water limited conditions are desirable characters. A common 

adverse effect of water stress on crop plants is the reduction in fresh and dry biomass production (Farooq et 

al., 2009). Plant productivity under drought stress is strongly related to the processes of dry matter partitioning 

and temporal biomass distribution (Kage et al., 2004). Mild water stress affected the shoot dry weight, while 

shoot dry weight was greater than root dry weight loss under severe stress in sugar beet genotypes 

(Mohammadian et al., 2005). Reduced biomass was seen in water stressed Petroselinum crispum (Petropoulos 

et al., 2008). 

Water deficit has different affect on root growth. Pace et al. (1999) reported that drought-stressed cotton 

seedlings showed some increase in root length but reduced diameter. Ball et al. (1994) and Prior et al. (1995) 

showed that inadequate soil moisture reduced cotton root elongation while Plaut et al. (1996) found reduced 

root length density at 42 and 70 days after emergence. Incorporation of increased seedling vigor rapid root 

system establishment and lower root-to-shoot ratios were recommended to improve drought tolerance in cotton 

by Cook and El-Zik (1993).  
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2.10 EFFECT OF DROUGHT STRESS ON GAS EXCHANGE ATTRIBUTES.  
An important physiological indicator of water stress is reduced leaf transpiration including stomatal 

transpiration (TR
st
) and cuticular transpiration (TR

cu
) (Osmond et al., 1987). Under water stress conditions, 

stomatal transpiration (TR
st
) is controlled by stomatal conductance, and cuticular transpiration (TR

cu
) is 

affected by the leaf surface characters such as the thickness of the wax layer and morphological structure 

(Richards et al., 1986). Lewitt (1980) reported that plants could avoid drought by stomatal closing.  

Stomatal opening and closing are modulated by guard cells. Stomatal closing are controlled by guard cells in 

two ways either direct water loss from guard cells, which is called hydropassive closure, or water loss from 

whole leaf, which is called hydroactive closure. Stomatal response to water stress is also controlled by 

messengers from the root system. Reports have noted that stomatal closure under drought stress is controlled 

essentially by the concentration of ABA transported in the xylem from the root to shoot and perceived at the 

guard cell apoplast (Ackerson, 1980; Hartung et al., 1998; Schroeder et al., 2001; Borel and Simonneau, 

2002). In cotton (G. hirsutum L.), stomatal response to water stress is affected by ABA accumulation or ABA 

redistribution (Radin and Hendrix, 1988).  

The relative part of stomatal limitation of photosynthesis depends on the severity of water deficit. Under mild 

stress it is a primary event, which is then followed by adequate changes of photosynthetic reactions (Cornic 

and Briantais, 1991). Stomatal control of water loss has been identified as an early event in plant response to 

water deficit under field conditions leading to limitation of carbon uptake by the leaves (Cornic and Massacci, 

1996). Stomata close in response either to a decline in leaf turgor and/or water potential, or to a low-humidity 

atmosphere (Maroco et al., 1997). As a rule, stomatal responses are more closely linked to soil moisture 

content than to leaf water status. This suggests that stomata are responding to chemical signals (e.g. ABA) 

produced by dehydrating roots (Davies and Zang, 1991). Changes in cell carbon metabolism are also likely to 

occur early in the dehydration process as shown by Lawlor (2002). The drought-tolerant species control 

stomatal function to allow some carbon fixation at stress, thus improving water use efficiency, or open stomata 

rapidly when water deficit is relieved.  
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Although stomatal closure generally occurs when plants are exposed to drought, in some cases (severe stress) 

photosynthesis may be more controlled by the chloroplast’s capacity to fix CO2 than by the increased diffusive 

resistance (Faver et al., 1996, Herppich and Peckmann, 1997). In addition, stomatal closure occurs before 

inhibition of photosynthesis and restricts CO2 availability at the assimilation site in chloroplasts. 

In addition to the stomatal behavior, relative water content (RWC) and the rate of excised leaf water loss has 

been proposed as a simple but relatively reliable indicator of drought resistance in cotton (Quisenberry et al., 

1982). Genotypes adapted to dryland exhibits high IWC and /or low rate of water loss from excised leaf 

suggesting that both characters may contribute to the maintenance of leaf water loss during periods of drought.  

Photosynthetic carbon reduction and carbon oxidation cycles are the main electron sink for Photosynthetic 

(PSII) activity during mild drought (Cornic and Fresneau, 2002). It was shown that photosynthesis functioning 

and its regulation were not quantitatively changed during desiccation. The CO2 molar fraction in the 

chloroplasts declines as stomata close in drying leaves. As a consequence, in C3 plants RuBP oxygenation 

increases and becomes the main sink for photosynthetic electrons. Depending on the prevailing photon flux 

density (PFD), the O2 through photorespiratory activity can entirely replace CO2 as an electron acceptor or not. 

Long-term drought reduction in water content led to considerable depletion of photosynthetic activity core. 

Havaux (1992) has investigated the impact of various environmental stresses (drought, heat, strong light) 

applied separately or in combination on the photosynthetic activity. The existence of a marked antagonism 

between physicochemical stresses (e.g. between water deficit and HT) was established, with a water deficit 

enhancing the resistance of PSII to constraints as heat, strong light. Many studies have shown the decreased 

photosynthetic activity under drought stress due to stomatal or non-stomatal mechanisms (Del Blanco et al., 

2000; Samarah et al., 2009). 

2.11 EFFECT OF DROUGHT STRESS ON PHYSIOLOGICAL TRAITS  

The cellular membranes play an important function in maintaining integrity of cell, by involving in signal 

transduction and ion homeostasis under environmental stresses (Kaur and Gupta. 2005; Tuteja and Sopory. 

2008). Quite discernible changes occur in the cellular membranes of organelle (Dionisio-Sese et al., 1999; 

Wahid et al., 2007). High temperature damages membrane by lipid peroxidation (Bhattacharjee and 
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Mukherjee, 1998) making them more permeable to ions (Wen-yue et al., 2001). Measurement of electrolyte 

leakage indicates the stress damage to assess the harshness of existing stress (Foyer et al., 1997). Injury to 

membranes from sudden heat shock may result from either denaturation of proteins or increases unsaturation 

of fatty acids, leading to membrane rupture and loss of cellular solutes (Savchenko et al., 2002). 

Relative water content (RWC), leaf water potential, stomatal resistance, rate of transpiration, leaf temperature 

and canopy temperature are important characteristics that influence plant water relations. Relative water 

content is considered a measure of plant water status, reflecting the metabolic activity in tissues and used as a 

most meaningful index for dehydration tolerance. RWC of leaves is higher in the initial stages of leaf 

development and declines as the dry matter accumulates and leaf matures. RWC related to water uptake by the 

roots as well as water loss by transpiration.  

A decrease in the relative water content (RWC) in response to drought stress has been noted in wide variety of 

plants as reported by Nayyar and Gupta (2006) that when leaves are subjected to drought, leaves exhibit large 

reductions in RWC and water potential. Exposure of plants to drought stress substantially decreased the leaf 

water potential, relative water content and transpiration rate, with a concomitant increase in leaf temperature 

(Siddique et al., 2001). In fact, although components of plant water relations are affected by reduced 

availability of water, yet stomatal opening and closing is more strongly affected. 

Increase in temperature or a rapid drop in humidity often results in acute water deficit condition in plants. 

Moreover, dry air mass, which moves into the environment, can also add to rapid and acute water losses from 

plants. Such atmospheric changes result in a dramatic increase in the vapor pressure gradient between leaf and 

the ambient air. This results in increased rate of transpiration. Moreover, increase in vapor pressure gradient 

enhances water loss from the soil. 

2.12 ROLE OF OSMOLYTES IN RESPONSE TO DROUGHT STRESS 

Plants tend to cope with water deficit stress by a process known as osmotic adjustment. In this process, plants 

decrease their cellular osmotic potential by the accumulation of solutes. Certain metabolic processes are 

triggered in response to stress, which increase the net solute concentration in the cell, thereby helping the 

movement of water into the leaf resulting in increase in leaf turgor. Large numbers of compounds are 
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synthesized, which play a key role in maintaining the osmotic equilibrium and in the protection of membranes 

as well as macromolecules. These compounds include proline, protein, glutamate, mannitol, sorbitol, fructans, 

polyols, trehalose, sucrose, oligosaccharides and inorganic ions like K+. These compounds help the cells to 

maintain their hydrated state and therefore function to provide resistance against drought and cellular 

dehydration (Hoekstra et al 2001). 

The hydroxyl group of sugar alcohols substitutes the OH group of water to maintain the hydrophilic 

interactions with the membrane lipids and proteins. Thus, these molecules help to maintain the structural 

integrity of the membranes. The most striking property of these stress-accumulated solutes is that they do not 

intervene with cells normal metabolic processes. In response to a stress, the carbohydrate status of a leaf gets 

altered and this might serve as a metabolic signal in response to stress (Jang and Sheen 1997). Whereas the 

starch synthesis is normally under strong inhibition even under moderate water deficit condition (Chaves 

1991), the concentration of soluble sugars in general increases or at least remains constant under a stress 

condition (Pinheiro et al 2001). Recent studies report the accumulation of simple sugars such as glucose and 

fructose following an increase in the invertase activity in the leaves of the drought challenged plants 

(Trouverie et al 2003).  

Some of the compatible solutes such as betaines, ectoine and proline accumulate in plants in response to 

various environmental stresses (Rontein et al 2002). Proline accumulation is the first response of plants 

exposed to water-deficit stress in order to reduce injury to cells. Progressive drought stress induced a 

considerable accumulation of proline in water stressed maize plants. The proline content increase as the 

drought stress progressed and reached a peak as recorded after 10 days stress, and then decreased under severe 

water stress as observed after 15 days of stress in soybean (Anjum et al., 2011b).  

Proline can act as a signaling molecule to modulate mitochondrial functions, influence cell proliferation or cell 

death and trigger specific gene expression, which can be essential for plant recovery from stress (Szabados and 

Savoure´, 2009). Accumulation of proline under stress in many plant species has been correlated with stress 

tolerance, and its concentration has been shown to be generally higher in stress-tolerant than in stress-sensitive 

plants. It influences protein solvation and preserves the quarternary structure of complex proteins, maintains 
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membrane integrity under dehydration stress and reduces oxidation of lipid membranes or photoinhibition 

(Demiral and Turkan, 2004). Furthermore, it also contributes to stabilizing sub-cellular structures, scavenging 

free radicals, and buffering cellular redox potential under stress conditions (Ashraf and Foolad, 2007). 

Heat stress as well as other stresses like drought and salinity can trigger some mechanisms of defense such as 

the obvious gene expression that was not expressed under ‘‘normal’’ conditions (Morimoto, 1993; Feder, 

2006). In fact, this response to stresses on the molecular level is found in all living things, especially the 

sudden changes in genotypic expression resulting in an increase in the synthesis of protein groups. These 

groups are called ‘‘heat-shock proteins’’ (Hsps), ‘‘Stress-induced proteins’’ or ‘‘Stress proteins’’ (Morimoto et 

al., 1994; Gupta et al., 2010). Almost all kinds of stresses induce gene expression and synthesis of heat-shock 

proteins in cells that are subjected to stress (De Maio, 1999). In Arabidopsis and some other plant species low 

temperature, osmotic, salinity, oxidative, desiccation, high intensity irradiations, wounding, and heavy metals 

stresses were found to induce the synthesis of stress proteins (Swindell et al., 2007). However, stressing agents 

lead to an immediate block of every important metabolic process, including DNA replication, transcription, 

mRNA export, and translation, until the cells recover (Biamonti and Caceres, 2009). 

It has been suggested that stress proteins general role is to act as molecular chaperones regulating the folding 

and accumulation of proteins as well as localization and degradation in all plants and animal species (Feder 

and Hofmann, 1999; Panaretou and Zhai, 2008; Hu et al., 2009; Gupta et al., 2010). These proteins, as 

chaperones, prevent the irreversible aggregation of other proteins and participate in refolding proteins during 

stress conditions (Tripp et al., 2009). 

Under water stress, a decrease in proteins could reflect either diminished synthesis or increased breakdown, 

leading to higher levels of free amino acids (Navari-Izzo et al., 1990).  Stewart & Larher (1980) found an 

accumulation of amino acids in the presence of water deficit, leading to a dynamic adjustment of N 

metabolism. 

Biochemical studies have revealed that through osmotic adjustment (osmotically-active metabolites or 

osmolytes) compound such as praline-types sugars, proline and polyols (myo-inositol and its derivatives) 
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accumulated under abiotic stress conditions (Bohnert et al., 1995). Accumulated osmolytes protect biological 

proteins and membranes and also act as scavengers of reactive oxygen intermediates.  

2.13 ROLE OF WATER RELATIONS IN RESPONSE TO DROUGHT 

Osmotic adjustment (i.e., the lowering of osmotic potential by net solute accumulation in response to 

dehydration) aids in the maintenance of turgor, at lower water potentials and is considered a beneficial drought 

tolerance mechanism in both the vegetative and reproductive phases of crop growth (Rascio et al., 1994). 

Osmotic adjustment is generally thought to be the major mechanism to maintain cell turgor in many species as 

the water potential decreases, enabling water uptake and the maintenance of plant metabolic activity and 

therefore growth and productivity (Martiınez et al., 2004).  

In fact, constitutive accumulation (by over expression of the responsible gene) of a cellular osmolytes is 

regarded as a serious approach to increasing crop drought resistance by genetic engineering (Bohnert et al., 

1995). Lowering of the osmotic potential of the cells accumulating solutes is considered to be due to real OA if 

the buildup of compounds is not merely the result of fast tissue dehydration (Bray, 1997). 

Generally, osmotic adjustment contributes to turgor maintenance of both shoots and roots as plants experience 

water deficit. This allows turgor dependent processes such as growth and stomatal activity to continue to 

progressively lower leaf water potential. The accumulated compatible solutes may also protect specific cellular 

functions, irrespective of turgor (Shen et al., 1997). Plant metabolic processes are in fact more sensitive to 

turgor and cell volume than to absolute water potential (Martiinez et al., 2007). 

 Among the physiological mechanisms that act to maintain leaf turgor pressure, decreased osmotic potential 

resulting either from a decrease in osmotic water fraction or from an osmotic adjustment (net accumulation of 

solutes in the symplast) was pointed out (Jones and Turner, 1980). Changes in tissue elasticity in response to 

drought, which modify the relationship between turgor pressure and cell volume, might contribute to drought 

tolerance, (Maury et al., 2000). 

Cotton appears to have a greater ability to osmotically adjust water stress than most other major row crops 

(Oosterhuis and Wullschleger, 1988). The magnitude of osmotic adjustment in cotton was greater in leaves 
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(0.41 MPa) than roots (0.19 MPa), although the percentage change was greater in roots (46%) than leaves 

(22%) (Oosterhuis and Wullschleger, 1987a). 

2.14 THE AREA OF FUNCTIONAL GENOMICS 

Functional genomics employs multiple parallel approaches including global transcriptional profiling coupled 

with the use of mutants and transgenics, to study gene function in a high-throughput mode (Vij and Tyagi, 

2007). The basic requirements for determining gene functions are gene sequences, expressed sequence tags 

(ESTs) and molecular markers. Functional genomics can be broadly divided into three different categories, 

viz., transcriptomics, proteomics and metabolomics. Transcriptomics involves generation and analysis of gene 

expression profiles of an organism in response to a particular treatment (biotic or abiotic stress). Similarly, 

proteomics and metabolomics involve global expression profiling of the proteins or metabolites, respectively, 

in response to a treatment. The expression profiling of genes/proteins is possible using microarrays, serial 

analysis of gene expression (SAGE), massively parallel signature sequencing (MPSS), two-dimensional gel 

electrophoresis (2DGE), matrix-associated laser desorption/ionisation time-of-flight (MALDI-TOF), or yeast 

two-hybrid expression. Microarrays have revolutionised global gene expression profiling making it possible to 

study all the genes of the organism in parallel (Wang et al., 2003a). The probes derived from gene sequences 

or EST’s immobilised on a solid surface are used to generate expression profile of a target sample via 

hybridisation (Chen et al., 1998). 

2.15 IDENTIFICATION OF GENES 

The discovery of novel genes and its possible utilization in modern plant breeding continue to engage the 

attention of most plant biologist. EST’s are short DNA molecules (300-500bp) reverse transcribed from a 

cellular mRNA population (Mackill 2007). They are generated by large scale single pass sequencing of 

randomly picked cDNA clones and have proven to be efficient and rapid means to identify novel genes. EST’s 

thus represent informative source of expressed genes and provide a sequence resource that can be exploited for 

large scale gene discovery (Xu et al., 2008). By using comparative genomic approaches, the putative functions 

for some of these new cDNA clones may be found (Velculescu et al., 1995) and thereby constitute an 
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important tool for better understanding of plant genome structure, gene expression and gene function 

(Mohammadi et al., 2007).     

2.16 MICROARRAYS 

Microarrays have revolutionised global gene expression profiling, making it possible to study all the genes of 

an organism in parallel if the entire genome is already sequenced (Wang et al., 2003a). Alternatively, a subset 

of probes derived from gene sequences or ESTs may be assessed. Sequences are immobilized on a solid 

surface and are used to generate expression profiles of a target sample via hybridization (Chen et al., 1998). 

Microarrays have been used extensively for global expression profiling of plant responses to biotic and abiotic 

stresses. They use hundreds of highly organized probes printed on a solid surface to simultaneously interrogate 

the multiple RNA or DNA molecules, defined as targets, within each sample (Schena et al., 1995). The target 

molecules are fluorescently labeled and hybridized to the immobilized probes. The signal generated from each 

probe-target hybrid is quantified and the strength of signal represents: (i) target abundance (transcript level, if 

samples were RNA) or (ii) sequence similarity between the probes and targets (Clarke and Zhu, 2006). The 

ability of microarrays to simultaneously monitor the expression of thousands of targets in a high throughput 

manner facilitates recognition of global expression patterns. 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). On a global scale, this technology has the potential to reveal the actual state transcriptome 

and help to understand gene regulation at the systems level. 

2.16.1 cDNA MICROARRAYS 

2.16.2 FABRICATION 

The fabrication of a cDNA microarray usually involves the generation of a cDNA library for the experimental 

purpose and the selection of clones to be queried. These clones can be sequenced from the 3’ and/or 5’ end and 

annotated by blasting the sequence to the GenBank® databases. Clones with known function, also referred to 

as ESTs, are then spotted in a matrix on a solid platform (Duggan et al., 1999). Alternatively, existing EST and 

clone resources may be exploited as a cost effective way of generating valuable information. Once a set of 

corresponding PCR products have been generated, arrays can be created in multiple versions containing the 

entire set of available sequences or subsets of sequences resulting in smaller, ‘boutique arrays’ suitable for 
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specific research application (Alba et al., 2004). These boutique arrays help to free up costly resources, which 

can then be used effectively to analyze more samples. 

2.16.3 EXPERIMENTAL DESIGN 

A schematic overview for expression profiling using cDNA microarrays was adapted from Alba et al. (2004). 

Various possible microarray designs have been discussed (Churchill, 2002; Dobbin and Simon, 2002; Yang 

and Speed, 2002; Dobbin et al., 2003; Clarke and Zhu, 2006). The experimental designs employed in time 

course experiments are common reference design, direct-sequential (linear) design and direct-sequential loop 

design.More recently, experimental design for microarray analyses have incorporated interspecies comparisons 

using arrays that originate from one of the genomes being investigated (Horvath et al., 2003). The comparison 

of closely related species is most effective and informative because it artifacts stemming from sequence.  

2.16.4 GENERATION OF HYPOHESIS 

A well-designed expression profile experiment built around a hypothesis can yield high quality results that led 

themselves to validation. Microarray experiments can be categorized as hypothesis seeking or hypothesis 

testing (Clarke and Zhu, 2006). Hypothesis seeking begins with minimum information about the subject, 

followed by the gathering of information through expression profiling and building a working hypothesis to 

validate particular gene functions. On the other hand, hypothesis testing begins with functional information on 

the subject to be verified, which is tested using expression profiling. 

2.16.5 SOURCES OF VARIATION 
Microarray experiments need to allow for both technical and biological variation. Technical variation may be 

minimized by optimizing reagents and the working protocol. Biological variation remains the main concern 

surrounding microarray experiments, which can be divided into intra-sample variation and inter-sample 

variation (Bakay et al., 2002). Intra-sample variations include micro-environmental differences within the 

same sample, such as those between different parts of the same leaf or those caused by factors such as light 

intensity, humidity, nutrient partitioning and mechanical stresses like wind. Inter-sample variations include 

environmental differences caused by growth room/greenhouse or field effects (light, humidity, and location), 

watering, fertilizing, soil conditions, pest pressures and human handling. Sample pooling and replication are 

the primary methods to account for biological variation (Clarke and Zhu, 2006). 
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2.16.7 REPLICATION 

Sufficient replication is an important issue in meaningful transcriptome profiling and should be based on the 

(i) extent of expected biological and technical variation, (ii) experimental question, (iii) desired resolution, (iv) 

available resources, (v) available time, and (vi) opportunities for downstream validation (Alba et al., 2004). 

Technical variation is minimal for in-house synthesized oligo and cDNA arrays, which makes biological 

replication a priority over technical replication when designing experiments (Zhu and Wang, 2000). Currently, 

a minimum of three or four biological replications with a dye-swap per time point is recommended to 

accommodate variation (Lee et al., 2000; Kerr et al., 2002). Dye-swap is helpful in reducing dye bias that is 

derived from differences in the mean brightness and background noise of individual spots, incorporation 

efficiencies, extinction coefficients, quantum fluorescence yield and other physical properties of the dyes 

(Tseng et al., 2001; Yang et al., 2001). 

2.16.8 TARGET PREPARATION AND HYBRIDIZATION 

The cDNA microarrays are generally performed in a reference design, where mRNA from treated and 

untreated tissues are hybridized onto the same probe-set. Subsequently, the relative abundance of transcripts 

from the treated tissue is compared against those corresponding transcripts from the untreated tissue. For 

effective comparison, the treatment and control plants must be cultivated under exactly same conditions and 

differ only in the said treatment under investigation. The treatment and control targets are then labeled with 

different fluorescent dyes (usually, cyanine-3 and cyanine-5) (Duggan et al., 1999) using a direct or more 

highly preferred indirect incorporation method. A mixture of equal amounts of labeled treatment and control 

targets is hybridized onto the spotted array under the coverslip. The hybridization is performed in a special 

chamber (e.g., Corning® hybridization chamber) to avoid evaporation (Coram and Pang, 2006). Generally, the 

hybridization temperature ranges from 42oC (if using 50% formamide) to 70oC (if using SSC based buffers) 

and the incubation duration varies from several hours to overnight (Aharoni and Vorst, 2002). 

2.16.9 DATA ACQUISITION, TRANSFORMATION AND NORMALIZATION 

There is a large choice in equipment and protocol for microarray data acquisition and downstream processing. 

A list of bioinformatics resources available for microarrays was presented in Alba et al. (2004). For data 

acquisition, transformation and selection of candidate genes for cDNA microarrays, slides are first washed of 
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excess hybridization solution and dyes, dried and scanned using a two-channel microarray scanner (e.g., 

Affymetrix® 428™ array scanner, Santa Clara, CA) and associated software (Coram and Pang, 2006). 

Excitation settings used for Cyanine-3 (Cy3TM) and Cyanine-5 (Cy5 TM) are 543/570 µm and 633-670 µm, 

respectively, and both image files are saved separately as ‘tiff’ files. The raw image data is digitally quantified 

using software (e.g., ImaGene TM, BioDiscovery Inc., El Segundo, CA, USA) by overlaying the spots with a 

grid of same size and gene expression values are saved as ‘txt’ files. 

Data processing usually involves correction for background signals, omission of flagged spots, normalization 

and transformation. Data transformation and normalization allow the detection of actual (biological) variation. 

Out of five common data transformation methods compared, log transformations were found to be the most 

reliable (Alba et al., 2004). Log transformation gave a more realistic sense of data variability by making the 

variation in signal ratios independent of signal magnitude and reducing skewed distribution. Log2 

transformation is most commonly used because it converts the expression values to an intuitive linear scale 

representing two-fold differences (Draghici, 2003).  

Normalization is applied to minimize and standardize non-biological (technical) variation (Clarke and Zhu, 

2006) and accommodates for factors like background intensity, noise levels, measurement differences, 

hybridization conditions and variations caused by handling (Leung and Cavalieri, 2003). The correct use of the 

normalization technique enables comparison between arrays within the experiment and possibly between 

arrays from separate experiments. A comparison of various normalization methods revealed that the Locally 

Weighted Polynomial regression (LOWESS) method was most suitable (Alba et al., 2004). The LOWESS 

method uses a locally weighted regression that reduces the expression ratios to the residual of the LOWESS fit 

of an associated intensity versus ratio curve (Cleveland and Devlin, 1988). 

2.17 PRELIMINARY SELECTION OF CANDIDATE GENES AND STATISTICAL ANALYSIS 

From microarrays, candidate gene selection is generally based on gene annotation, transcript level and/or fold 

change. Whilst a ‘two-fold or more’ cut-off is usually preferred by molecular biologists, care should be taken 

while using fold-change as it can be misleading in the event of one of the candidate genes having a transcript 
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level below the threshold or above saturation (Clarke and Zhu, 2006). Wherever possible, fold change data 

should be bolstered by using proper biological replications to enable statistical analysis (Lee et al., 2000). 

Considering that microarrays typically generate tens-of-thousands of data points, the use of statistical analysis 

becomes imperative to determine the significance of individual data points to the observed variation. For 

comprehensive information on statistical tests for differential expression, readers are referred to Nadon and 

Shoemaker (2002), Cui and Churchill (2003), and Draghici (2003). Both parametric and non-parametric 

methods can be used to determine real differential expression in the level of transcripts (Clarke and Zhu, 

2006). The parametric methods typically employed are the Student’s t-test and the Welch’s t-test that assume 

equal or unequal variances, respectively. Non-parametric methods include the Wilcoxon rank sum test and the 

Kruskal-Wallis test that compare two and more than two groups, respectively. On the genes found to be 

differentially expressed after the above tests, a multiple testing correction (e.g. false detection ratio, FDR) is 

applied as an estimate of acceptable false positives (Draghici, 2003). 

2.18 GROUPING OF DIFFERENTIALLY EXPRESSED GENES AND VISUALIZATION OF EXPRESSION 
PATTERNS 

The ultimate goal of expression profiling is to link a gene or set of genes to the experimental condition and 

determine their role in governing response to the said condition. The set of differentially expressed genes that 

pass statistical tests are grouped in various ways to determine those that share a similar expression pattern. The 

common methods of grouping include Venn diagrams, hierarchical clustering, k-mean clustering, and self 

organizing maps (SOM). Draghici (2003) determined the clear picture of clustering algorithms. The 

assumption behind clustering is that genes that cluster together are likely to be co-regulated and involved in 

the same or linked pathways (Rensink and Buell, 2005). 

2.19 VERIFICATION OF MICROARRAY DATA 

Verification of microarray data can be accomplished by RNA-blot analysis, reverse transcription PCR (RT–

PCR), quantitative real-time PCR (qRT-PCR), and/or comparison with EST expression databases (digital 

northerns). The latter is the only approach that has potential for genome-scale verification. The expression 

levels detected through RNA-blot are similar to those of microarrays, whilst real-time PCR is more sensitive 

often yielding expression levels of higher magnitude (Maguire et al., 2002; Scheideler et al., 2002; Rabbani et 
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al., 2003). Digital northerns or data mining are employed to confirm the expression of a particular gene in 

response to a condition by searching existing expression data in public repositories (e.g., the Gene Expression 

Omnibus, NCBI). The data, together with the gene annotation, provide clues to the putative role of the gene in 

response to a condition (Rensink and Buell, 2005). 

2.20 MICROARRAY STUDIES FOR ABIOTIC STRESS RESPONSES 

Microarrays were previously used to profile genes expressed in response to drought, cold and high-salinity 

stresses, mostly using Arabidopsis (Table 2). Most of the studies were conducted on Arabidopsis as it was 

granted the status of model plant at the beginning of functional genomics research. Following Arabidopsis, 

rice has been used as a model for monocot species because of its compact genome and importance as a food 

crop. The availability of gene sequences and EST resources in these and other crops has been explored through 

transcriptional profiling to improve our understanding on molecular mechanisms of abiotic stress adaptation 

and tolerance. 

Significant overlap was detected among the genes expressed under drought, cold and high-salinity stresses 

(Kreps et al., 2002; Rabbani et al., 2003), suggesting the existence of some sharing in the stress pathways. On 

the other hand, many genes were identified that were expressed only in response to a particular stress (Kreps et 

al., 2002 and Seki et al., 2001, 2002; Flower and Thomashow, 2002). In Arabidopsis, whilst Seki et al. (2001, 

2002) reported fewer genes to be induced by cold-stress than drought and high-salinity stresses, Kreps et al. 

(2002) found cold-stress induced nearly double the number of genes than high-salinity stress. These 

inconsistencies may be attributed to the biological differences among the genotypes used, plant growth 

conditions, stress treatment conditions and/or their detection methodologies. 
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3. MATERIALS AND METHODS 
 

3.1 EXPERIMENTAL MATERIAL  

Seeds of variety FDH-786 of Desi-cotton (Gossypium arboreum, which is known for its abiotic tolerance) was 

obtained from local germplasm center (CCRI, Multan). Concentrated H2SO4 was used for delinting of seeds. 

Seeds were continuously stirred with the help of a spatula for 10-15 min until the surface of seeds became 

shiny. Some water is added and stirred again; seeds were washed five times with tap water to remove the acid 

completely. The seeds, which floated at the surface of water, were removed. 

3.2 EXPERIMENTAL CONDITION & DESIGN 
The present study was conducted in green house at Center of Excellence in Molecular Biology, University of 

the Punjab. The experiment was laid out in a completely randomized design with four replications of each 

experimental unit. For sowing seed total of 300 plastic bags of same size (16.25 cm diameter and 21.25 cm 

height) were used. When the moisture contents were at field capacity, seeds of the cotton cultivar FDH-786 

were sown. Thinning of plants was done after 10 days of germination to maintain 1 plant per bag. Plants were 

grown in composite soil (peat, sand, soil, 1:1:1) in CEMB green house at temperature 25±2 °C, and relative 

humidity near 45-50%. Metal halide illumination lamps (400 W) were used to supplement natural radiation. 

Light radiation reached a maximum of 1,500µmol m2s-1 at the top of canopy at midday. The volume of pure 

water added to the pots was calculated periodically to maintain the pots of stressed treatments at 5% 

gravimetric humidity (GH) and non-stressed treatments at 15% GH. For the comparative study of the plants in 

responses to water stress, 45-days-old seedlings were kept without water for 15 days (Maqbool et al, 2008).  

3.3 DETERMINATION OF FIELD CAPACITY 

For the determination of field capacity, three samples of 100 g each of the soil used in the experiment were 

taken at the time of filling of the plastic bags. These samples were then incubated at 105 ºC for 24 h. These 

oven-dried samples were weighed and averaged for the determination of the total moisture contents of the soil 

at the time of sowing of the seeds.. Then the saturation percentage of the three soil samples was estimated. 100 

g each of this oven-dried soil was approximated by measuring and then averaging the distilled water used in 
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making complete saturated paste of the three samples. The field capacity was determined by using the 

following formula: 

Field Capacity= Saturation percentage/2 

Since the weight of each plastic pot plus filled soil and the moisture contents therein at the time of sowing 

were already known, therefore the weight of each filled plastic pot containing moisture contents equal to 5% 

field capacity was calculated which represented the drought treatment. 

3.4 GROWTH PARAMETERS 

The following morphological and growth parameters were recorded from studies that are usually affected by 

drought stress. 

1. Plant height (cm) 

2. Root length (cm) 

3. Shoot fresh weight (mg plant-1) 

4. Root fresh weight (mg plant-1) 

5. Shoot dry weight (mg plant-1) 

6. Root dry weight (mg plant-1) 

3.4.1 PLANT HEIGHT 

After 60 days of plant growth, height of control and drought stressed plants was recorded in cm. with the help 

of meter rod. The height was recorded from the base of plant to tip of plant. Data of 3 plants was recorded in 

each replication for each entry and means were worked out for analysis. 

3.4.2 SHOOT LENGTH 

Three plants of each replication from each treatment were uprooted gently avoiding breakage, and shoot was 

separated by cutting at the junction of root and shoot. Shoot length was measured with a measuring tape. Mean 

shoot length for each was computed in each treatment. 

3.4.3 ROOT LENGTH 

The longest root of each plant in each replication was measured with measuring tape for each treatment. 
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3.4.4 FRESH SHOOT WEIGHT & FRESH ROOT WEIGHT 

Plants were uprooted carefully. Shoots and roots of uprooted plants were kept separately and then weight of 

each sample was measured with the help of electronic balance. Fresh shoot weights of uprooted plants were 

obtained with electronic balance, before measuring the shoot length. 

3.4.5 SHOOT DRY WEIGHT & ROOT DRY WEIGHT 

After recording fresh weight, shoots and roots were placed separately in kraft paper bags and oven dried for 24 

hrs at 80oC to get the shoots completely dried. Shoot dry weight of each sample was recorded with the help of 

an electronic balance. Average weight of each oven dried samples was recorded and their means were 

calculated.  

3.5 PHYSIOLOGICAL ATTRIBUTES 

3.5.1 PHOTOSYNTHETIC ATTRIBUTES/ GAS EXCHANGE CHARACTERISTICS 

Stomatal conductance (C), photosynthetic rate (A), and transpiration (E), on the 3rd leaf from top of every plant 

were recorded by utilizing IRGA (infrared gas analyzer) (model, LCA-4; Analytical Development Company, 

Hoddesdon, England). All these determinations were recorded at 13.00-14.00h. During data recording, leaf 

chamber molar gas flow rate 248 µmol s-1, ambient CO2 conc. (Cref) was 352 µmol mol-1, temperature of leaf 

chamber (Tch) varied from 32.3 to 35.7 oC, ambient pressure (P) 98.01 kPa, molar flow of air/leaf area 221.06 

mol m-2 s-1, PAR was maximum up to 890 µmol m-2 s-1 and leaf chamber volume gas flow rate (v) 300 

mL/min. A caution was also made that the measurements of control plants were immediately followed by that 

of the same cultivar under drought stress. 

3.6 WATER RELATIONS MEASUREMENTS 

3.6.1 LEAF WATER POTENTIAL (Ψw) 

The 3rd leaf (a fully expanded youngest leaf) was removed with a sharp knife from each plant and leaf water 

potential was measured from 6-8.00 a.m. using a pressure chamber [Plant Moisture Stress (PMS) Instrument 

Company, Model 670, Albany, USA]. 

3.6.2 LEAF OSMOTIC POTENTIAL (Ψs) 
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The same leaf that used for Ψw measurements was subjected to -80°C for 72 hrs.The sap extracted from 

frozenleaf tissue was used for determining the osmotic potential by using the Wescor Vapor Pressure 

Osmometer (Model VAPRO 5520, El Cajon, California, USA). 

3.6.3 LEAF TURGOR POTENTIAL (Ψp) 
The leaf turgor potential was calculated as:  

Ψp = Ψw – Ψs 

3.7 RELATIVE WATER CONTENT (RWC) 

The relative water content (RWC) of leaves was measured according to Barrs and Weatherley (1962) with 

slight modification.  A fully developed and young leaf from each plant was taken and fresh weight of each leaf 

was recorded. All the samples were immersed in distilled water for 12 h and weight of each turgid leaf was 

recorded. Then all the samples were oven dried at 70 oC for measuring dry weights. Then RWC (relative water 

content) was calculated using the following equation: 

Relative water content (%)= Leaf fresh weight - Leaf dry weight × 100 
    Leaf turgid weight - Leaf dry weight 

3.8 CELL MEMBRANE THERMOSTABILITY (CMT)/ ELECTROLYTE LEAKAGE 

The protocol described by Yang et al. (1996) was employed to measure cell membrane thermostability of the 

leaf tissues. Small discs were cut from a fully developed 3rd leaf of each plant and placed in test tubes each 

having 20 cm3 distilled H2O, vortexed for 3 sec and initial electrical conductivity (EC0) of each sample was 

recorded. The samples were stored at 4 oC for 24 hours and conductivity (EC1) was measured again. Samples 

were then autoclaved for 20 min, cooled to room temp and EC2 examined. The cell membrane thermostability 

was calculated as: 

Cell membrane thermostability (%) = (EC1-EC0) / (EC2-EC0) x 100 

3.9 BIOCHEMICAL ATTRIBUTES 
3.9.1 PROLINE  

Proline was established according to the method of Bates et al. (1973). Roots and leaves weighing 0.5 g each 

from control and drought stressed plants were homogenized in 10 ml of 3 % sulfo-salicylic acid. The 

homogenate was filtered through Wattman filter paper (No. 2). Two ml of the filtrate was reacted with 2 ml 

acid ninhydrin solution ,1.25 g ninhydrin in 30 ml glacial acetic acid and 20 ml of 6 M orthphosphoric acid 
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and 2 ml of glacial acetic acid in a test tube for 1 h at 100 0C. The reaction was terminated in an ice bath. The 

reaction mixture was extracted with 4 ml toluene, mixed vigorously by passing a continuous stream of air for 

1-2 minutes. The chromophore containing toluene was aspirated from the aqueous phase, warmed at room 

temperature and the absorbance was read at 520 nm using toluene as a blank. The proline concentration was 

determined from a standard curve using 0-100µg L- proline (sigma) and calculated on fresh weight bases as 

follows:- 

µmol proline g-1 FW = (µg proline mL-1 x mL of toluene/115.5)/sample wt (g). 

3.9.2 TOTAL SOLUBLE PROTEIN 

Total soluble proteins were determined by using the method of Lowery et al. (1951). A sample of 0.5 g leaf 

and root tissue of control and stress plant was taken and chopped in 5 ml phosphate buffer 0.2 M (pH 7.0). 

Two tubes containing 0.5 ml and 1.0 ml of leaf and root tsissue extract were prepared for protein estimation. 

Solution of 0.5, 0.1, 0.2, 0.4, 0.6 and 1.0 ml of standard Bovine Serum Albumin (BSA) were simultaneously 

used in the experiment. The volume of each tube was topped to 1.0 ml with distilled water. The blank used 

was 1.0 ml distilled autoclaved water. One ml of solution (copper reagents) was added to each test tube. The 

reagents in the test tube were thoroughly mixed and allowed to stand for 10 minutes at room temperature. 

Then 0.5 ml of Folin-phenol reagent (1:1 diluted) was added, mixed well and kept for 30 minutes at room 

temperature. The optical density (O.D) was read at 620 nm on spectrophotometer. 

3.9.3 TOTAL FREE AMINO ACID 

Total free amino acids were extracted and determined following the method of Sugano et al. (1975) with slight 

modifications. Roots and leaves of 0.5g each from control and drought stressed plants were weighed separately 

and homogenized with 5ml of 80% ethanol. The homogenate was centrifuged at 15000 rpm for 15min. the 

residues was re-extracted with 5ml of 80% ethanol and centrifuged. The supernatants were pooled and used for 

quantitative estimation of total free amino acid. 1ml of ninhydrin solution was added to 0.1ml of extracts in 

test tubes. The volume was made up to 2ml with distilled water. The tubes were heated in a boiling water bath 

for 20min. 5ml of diluents solvent was added and the contents were mixed well. After 15min, the absorbance 

of the purple color was recorded at 570nm.A standard curve was prepared against L-leucine 0-50µg. Using the 
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standard curve the amount of free amino acids present in the leaf samples was calculated. The free amino acids 

content was expressed in terms of mg/g of fresh weight. 

3.9.4 TOTAL SOLUBLE SUGARS 

Total soluble sugars were determined according to the method of Yemm and Willis (1954). Well-grinned 

control and drought stressed leaves and roots material (0.1g each) was extracted in 80% ethanol solution. 

Dried material was ground so as to pass through 1mm sieve of millimicro mill (Model Culatti, DFH-48) and it 

was shaken for 6h at 600C. This extract was used for the estimation of total soluble sugars. Plant extract (100 

µl) was taken in 25 ml test tubes with adding of 6 ml anthrone reagent, and then heated in boiling water bath 

for 10 minutes. The test tubes were incubated for 20 minutes at room temperature (25oC). Absorbance was 

recorded at 625 nm and total soluble sugar content was determined from a standard curve prepared against 

pure glucose (0-50 µg). 

3.10 STATISTICAL ANALYSIS  

Statistical analysis of the results was performed with STATISTIX V 9.0 (Analytical software Tallahassee, 

USA) freely available online. The data were subjected to analysis of variance (ANOVA) procedure for a 

complete randomized design. The least significant difference (LSD) test (for a 95% confidence level) was 

done to compare the means (Steel et al., 1997) and determine whether there were any differences for the 

parameters measured.  

3.11 CONSTRUCTION OF cDNA LIBRARY 

3.11.1 TOTAL RNA ISOLATION 

Forty days old plants were kept without water (drought stressed) for 15 days. Root samples were collected 

from control and drought stressed plants in liquid N2. Jakola et al. (2001) method was used with some 

modifications for total RNA extraction. The roots were then pulverized to a fine powder in a pre cooled mortar 

and transferred to a falcon tube (50mL). RNA extraction buffer (Appendix-I) was preheated to 70ºC. 15ml 

extraction buffer was added to each 1g of powder and vortexed for two minute. Tubes were incubated at 70ºC 

for 20 minutes, vortexed after every 5 min and centrifuged at 5,000g for 5 minutes at 4ºC. The supernatant was 

shifted to 1.5mL tube and centrifuged at 13,000 rpm for 20 min at 4ºC. Supernatant was transferred to new 

1.5mL tubes and extracted twice with an equal volume of Chloroform: isoamyl alcohol [24:1]. Phases were 



44 
 

separated at 13,000rpm at room temperature. To the aqueous phase supernatant 1/4 volume of 10M Lithium 

Chloride solution was added and mixed gently. RNA was precipitated overnight at 4 ºC. The tubes were 

centrifuged at 13,000rpm for 20 min at 4ºC. The pellet was washed with 500ul of 70% ice cold ethanol. After 

air drying the pellet was dissolved in 100ul of pre heated (65oC) SSTE buffer (Appendix-II). Tubes were 

combined in a single tube.The contents of tubes were extracted once with an equal volume of acidic Phenol: 

Chloroform: isoamyl alcohol [25:24:1]. To the supernatant two volume of ice cold absolute ethanol was added 

and icubated at -20 ºC overnight to precipitate RNA. The tubes were centrifuged at 13,000rpm for 25 min at 

4ºC. The pellet was washed with 500ul of 70% ice cold ethanol. The pellet was air dried and resuspended in 

DEPC treated deionized water.  

3.11.2 AGAROSE GEL ELECTROPHORESIS 

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

0.5XTAE buffer (Appendix III). Ethidium bromide of concentration 0.5-1µg/ml was added. Gel was run at 

70V for 1 hour and visualized with the help of Gel documentation system using software GrabIt. 

3.11.3 QUANTIFICATION OF TOTAL RNA 

RNA conc was measured with nanodrop, ND-1000 (NanoDrop Technologies, Inc), spectrophotometer using 

the nucleic acid program. 1.5µl DEPC treated deionized water was taken as blank. 1.5µl of RNA was 

measured and results were taken at A260/280 and A260/230. 

3.11.4 DNase TREATMENT 

The DNA contamination from RNA was removed with the help of Ambion’s DNAfree™ Kit. 0.1 volume of 

10X DNase 1 Buffer and 1 µl of DNase 1 (2 units) was added to the RNA and incubated at 37°C for 30 min. 

0.1 volume of DNase Inactivation Reagent was added to the sample and incubated for 2 min at room temp. 

The tube was flicked once more during the incubation to re-disperse the DNase Inactivation Reagent. The tube 

was centrifuge at 10,000 x g for ~1 min to pellet the DNase Inactivation Reagent. The supernatant was taken in 

a new tube.   
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3.11.5 ISOLATION OF mRNA FROM TOTAL RNA 

mRNA was isolated from total RNA using the Oligotex mRNA mini kit (Qiagen). To isolate mRNA from total 

RNA 700µg of total RNA was taken in 1.5ml tube and its volume was made upto 500µl with RNase-free 

water. To completely homogenize the RNA, tube was heated for 3 min at 60°C followed by vortexing for 5 s 

and sharply flicking the tube. This process was repeated twice. The tube was placed on ice and 500µl of Buffer 

OBB was added followed by the addition of 50µl Oligotex Suspension and kept at 37°C. Contents of the tube 

were thoroughly mixed by gentle pipetting. The sample was incubated for 3 min at 70°C in a water bath to 

disrupt secondary structures of RNA. After 3 min sample was removed from the water bath and placed at 30°C 

for 10 min to hybridize poly-A tail of the mRNA to oligo dT30 of the Oligotex particle. Oligotex-mRNA 

complex was pellet down by centrifugation for 2 min at maximum speed (13,200 rpm), and the supernatant 

was carefully removed by pipetting. Approximately 50 µl of the supernatant was left in the microcentrifuge 

tube to avoid the loss of the Oligotex resin. Oligotex mRNA pellet was resuspended in 400 µl Buffer OW2 by 

pipetting and loaded onto a small spin column placed in a 1.5 ml microcentrifuge tube. Column was 

centrifuged for 1 min at maximum speed. After centrifugation the spin column was transferred to a new 

RNase-free 1.5 ml microcentrifuge tube and washed with 400 µl Buffer OW2 for 1 min at maximum speed and 

the flow-through was discarded. Spin column was transferred to a new RNase-free 1.5 ml microcentrifuge tube 

and 100 µl hot (70°C) Buffer OEB was loaded onto the column. The resin was resuspended 3 - 4 times by 

pipetting and centrifuged for 1 min at maximum speed. To get maximal yield, elution with buffer OEB was 

repeated once again. mRNA isolated was kept on ice, quantified with the help of nanodrop, ND-1000 

(NanoDrop Technologies, Inc), spectrophotometer and was used for the construction of cDNA libraries. 

3.11.6 PRECIPITATION OF mRNA 

mRNA isolated from total RNA was ethanol precipitated by adding 2.5 volume absolute ethanol, 0.1 volume 

3M sodium acetate (pH 6.0) and incubated overnight at -20oC. On the next day the tubes were centrifuged at 

full speed (13,200 rpm) for 25 min at 4oC to pellet down mRNA followed by washing with 70% ethanol for 5 

min. The pellet was air dried at room temperature and resuspended in 10 µl of RNase-free water. This mRNA 

was used for first strand cDNA synthesis. 
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3.11.7 DOUBLE STRAND cDNA CONSTRUCTION 

For the construction of cDNA libraries “CloneMinerTM cDNA library Construction Kit” (Invitrogen) was used 

with minor modifications. mRNA isolated in the previous step was used for first strand cDNA synthesis as 

following: 

mRNA + DEPC-treated water 11 µl 

Biotin-attB2-Oligo(dT) Primer (30 pmol/µl)  1 µl 

10 mM (each) dNTPs 1 µl 

The contents were mixed gently by pipetting and centrifuged for 2 seconds to collect the sample. 

The mixture was incubated at 65°C for 5 minutes and cooled to 45°C for 2 minutes and the following reagents 

were added in a fresh tube: 

5X First Strand Buffer  4 µl 

0.1 M DTT  2 µl 

The contents were mixed gently by pipetting and centrifuged for 2 seconds to collect the sample. After the 

priming reaction has cooled to 45°C for 2 minutes, the above mixture was added to the priming reaction tube 

and, mixed gently and incubated at 45°C for 2 minutes. After 2 min keeping the tube in thermal cycler 1 µl of 

SuperScript II RT (200 U/µl) was added and the whole contents were incubated at 45°C for 60 minutes. After 

the completion of incubation the first strand reaction was processed immediately for Second Strand synthesis. 

The tube containing first strand cDNA was kept on ice and the following reagents were added: 

DEPC-treated water  91 µl 

5X Second Strand Buffer  30 µl 

10 mM (each) dNTPs  3 µl 

E. coli DNA Ligase (10 U/µl)  1 µl 

E. coli DNA polymerase I (10 U/µl)  4 µl 

E. coli RNase H (2 U/µl)  1 µl 

Total volume  150 µl 

The contents were mixed gently by pipetting and centrifuged for 2 seconds to collect the sample. The mixture 

was incubated at 16°C for 2 hours. After the completion of incubation, 2 µl of T4 DNA Polymerase was added 

to create blunt-ended cDNA. Contents were mixed gently by pipetting, centrifuge for 2 seconds to collect the 
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sample and incubated at 16°C for 5 minutes. After 5 minutes 10 µl of 0.5 M EDTA, pH 8.0 was added to stop 

the reaction and the reaction was preceded to Phenol/Chloroform Extraction. 160 µl of 

phenol:chloroform:isoamyl alcohol (25:24:1) was added, mixed well for approximately 30 seconds and 

centrifuged at room temperature for 5 minutes at 14,000 rpm. Upper aqueous phase after transferring to a fresh 

1.5 ml tube was ethanol precipitated as following: 

Glycogen (20 µg/µl)  1 µl 

7.5 M NH4OAc  80 µl 

100% ethanol  600 µl 

The tube was inverted several times to mix the contents and incubated at -80 °C for 10 minutes. After 10 

minutes the sample was centrifuged at +4°C for 25 minutes at 14,000 rpm followed by washing with 70% 

ethanol for 5 minutes at 14,000 rpm. The cDNA pellet was dried in speedVac for 2 min and resuspended in 18 

µl DEPC-treated water by pipetting up and down 30-40 times. The tube was centrifuged for 2 seconds to 

collect the sample and place on ice to proceed to ligation attB1 adapter. 

3.11.8 LIGATING THE attB1 ADAPTER 

The blunt ended double strand cDNA was kept on ice and the following reagents were added: 

5X Adapter Buffer  10 µl 

attB1 Adapter (1 µg/µl)  10 µl 

0.1 M DTT  7 µl 

T4 DNA Ligase (1 U/µl)  5 µl 

Total volume  50 µl 

The contents were gently mixed by pipetting and the mixture was incubated at 16°C for 24 hours. 

3.11.9 cDNA SIZE SELECTION  

The adapter ligated cDNA was subjected to size selection by gel electrophoresis. 1% agarose gel was prepared 

in 0.5 X TAE buffer with the addition of ethidium bromide to a concentration of 0.5µg/ml. cDNA was loaded 

in the agarose gel with 1Kb ladder on both sides leaving one slot of empty. Gel was run at 80 volts for 25 

minutes. After running gel was visualized on UV trans illuminator and gel slice containing cDNA ≥ 200 bp 

was excised. This excised gel slice was used to elute cDNA from the gel. 
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3.11.10 GEL ELUTION  

The dscDNA from the gel is eluted through Fermentas DNA Gel Extraction Kit, briefly, to 1 volume of 

excised gel slice 3 volumes of Binding solution was added and incubated for 5 minutes at 55°C to dissolve 

agarose. Then resuspended silica powder suspension was added upto 2µl/1µg of DNA and incubated for 5 

minutes at 55°C and  mixed by vortexing every 2min to keep silica powder in suspension. After incubation 

silica powder/DNA complex was spin for 5 seconds to form a pellet and supernatant was removed. The pellet 

was washed three times with 500 µl of ice cold wash buffer. During each washing the pellet was resuspended 

completely. After the last washing the pellet was air-dried for 10-15 min. 

To elute DNA into water the pellet was resuspended in 20µl of sterile deionized water and tube was incubated 

at 55°C for 5 minutes. After Spinning the tube supernatant was taken into a new tube avoiding the pellet. The 

elution was repeated with another 20 µl of water. For the removal of small amounts of the silica powder the 

tube was spin again for 30 sec at max. speed and the supernatant was shifted into a new tube. The eluted 

cDNA was quantified using nanodrop, ND-1000 (NanoDrop Technologies, Inc), and was used for BP (attB 

flanked cDNA + attP containing vector pDONRTM 222)   recombinant reaction. 

3.11.11 BP RECOMBINATION REACTION 

For the BP recombination reaction 100 ng size selected cDNA was used in the following reaction:  

attB1-flanked cDNA + TE Buffer pH 8.0 7 µl 

pDONRTM 222 (250 ng/µl) 1 µl 

5X BP Clonase Reaction Buffer 2 µl 

BP Clonase enzyme mix was removed from -80°C, thawed on ice and vortexed briefly. 3µl of BP Clonase 

enzyme was added to reaction mix and the mix was incubated at 25oC for 20 hours. After the completion of 

incubation 2 µl of proteinase K was added to reaction mix to inactivate BP Clonase and the reaction mix was 

incubated at 37oC for 15 minutes followed by 75oC for 10 minutes. Following reagents were added to 1.5ml 

tube in following order: 

Sterile water   90 µl 

Glycogen (20 µg/µl)  1 µl 
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7.5 M NH4OAc  50 µl 

100% ethanol  375 µl 

The tube was inverted several times to mix the contents and incubated at -80°C for 10 minutes. After 10 

minutes sample was centrifuged at +4°C for 25 minutes at 14,000 rpm followed by washing with 70% ethanol 

for 5 minutes at 14,000 rpm. The cDNA pellet was dried in Vacuum concentrator for 2 min and resuspended in 

9 µl TE buffer (Appendix IV). Six aliquots of the resuspended cDNA were made in six new 1.5 ml tubes by 

adding 1.5 µl cDNA in each tube and then 50 µl thawed ElectroMAXTM DH10BTM competent cells were added 

to each tube. The contents were mixed gently by pipetting up and down twice in a way that no air bubble gets 

introduced in the tubes. The entire contents of the tube were transferred to a cold cuvette (0.1 cm). Gentle 

tapping was done for even distribution of contents and electroporation was done under following conditions: 

Voltage  2.0 kV 

Resistance  200 Ω 

Capacity  25 µF 

1 ml of S.O.C medium was added to the chilled cuvette containing electrporated cells and entire solution was 

transferred to 15ml snapcap tube.Same procedure of electroporation was repeated to all the six aliquots. The 

electroporated cells were shaked for 1 hour at 37°C at 250 rpm to allow expression of the kanamycin 

resistance marker. After the one hour incubation at 37°C, all cells were pooled into a 15 ml snap-cap tube and 

an equal volume of sterile freezing media (60% S.O.C. medium:40% glycerol) was added to it. Aliquots 

containing 200 µl of the cDNA library were made and these aliquots were stored at -80°C. Five (5) and fifteen 

(15) µl volume from cDNA library was spread on LB plates containing 50µg/ml Kanamycin. The plates were 

incubated at 37ºC for overnight. Colonies on each plate were counted after overnight incubation at 37ºC. The 

cfu/ml for the cDNA library was calculated according to the following equation: 

cfu/ml = colonies on plate × dilution factor  

                 volume plated (ml) 

Total cfu = average titer (cfu/ml) x total volume of cDNA library (ml) 
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3.11.12 SCREENING OF COLONIES ON MEDIA 
  
Colonies were selected for further culturing and each colony was inoculated into 3 ml of LB-kana broth and 

incubated for overnight at 37°C with shaking at 250 rpm.  

3.12 PLASMID ISOLATION  

The alkaline lysis protocol of Birnboim and Doly (1979) with certain modifications was used for isolation of 

plasmid. Colonies were inoculated into 10 ml LB with Kana50 (50µg/ml) and incubated overnight at 37 oC 

with 250 rpm. Overnight cultures were harvested at 13,000rpm for 1 minute. Pellet was resuspended in 200µl 

of soln.I (Appendix- V) and incubated on ice for 10 min. The cells were lysed by adding 200µl of freshly 

prepared soln.II (Appendix-VI) incubated at room temperature. Finally 200µl of soln.III (Appendix-VII) was 

added to the lysate, mixed thoroughly and kept on ice for 10 min. The tubes were centrifuged 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 ethanol precipitation was done. The pellet was 

washed with 70% ethanol, air dried and dissolved in 20 µl sterilized water. The samples were treated with 1µl 

of 10mg/ml RNAaseA (Sigma, Germany). Plasmid DNA was visualized on 1 percent agarose gel along with 1 

kb ladder. 

3.13 RESTRICTION ANALYSIS OF CLONED cDNA 

To confirm the cDNA library event, the recombinant plasmids were subjected to restriction digestion. To 

release the insert, 10U of BsrGI (Bsp14071) enzyme (Fermentas, Germany) was added along with the enzyme 

buffer supplied by the manufacturer to 25µg of isolated plasmid DNA. The pDONR 222 vector has BsrGI 

restriction site on either side of the inserted DNA fragment. The reaction mix was incubated at 37ºC for 

overnight. Recombinant plasmids and digested vector were analyzed and confirmed on 0.8% agarose gel.  

3.14 PREPARATION OF cDNA MICROARRAY PLATFORM 

3.14.1. CLONE PICKING AND CULTURING 

For the picking of clones, aliquote of cDNA library containing ~1000-1500 clones was spread on LB Agar 

plates (245 x 245 x 18 mm). Indivdual clones were picked and used to culture in 96 well culture plates 

containing LB-Kanamycin broth. The plates after sealing were incubated over-night at 37oC in an incubator 

shaker at 250 rpm. 
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3.15 PCR AMPLIFICATION OF INSERTS 

25 µl of overnight grown culture was diluted in 50 µl water. Heat shock was given at 95oC for 5 minutes and 

spin at 3000rpm for 5 minutes at 4C.  PCR was performed to amplify insert within the clone with 5 µl of 

diluted culture as template DNA in 75 µl reaction mixture containing 0.8 µl M-13 forward and 0.8 µl M-13  

reverse primers (10 µM), 7.5 ul of 10X PCR buffer (200mM Tris-Cl, pH 8.8, 100 mM (NH4)2SO4 ,100mM 

KCl, 20mM MgSO4, 1 mg/ml BSA and 1% Triton), 0.8 µl of 10 mM dNTPs and 2 unit of Pfu DNA 

polymerase. The thermocycler programme used for amplification is as: 

 

Figure 3. Thermocycling profile for the amplification of inserts by PCR 

2 µl of each PCR amplified product was checked on 1.5% agarose gel in 0.5X TAE to confirm insert 

amplification. 

3.16 PURIFICATION OF PCR PRODUCTS PRIOR TO SEQUENCING  

Rest of the PCR product was ethanol precipitated by adding 2.5 volume absolute ethanol and 0.1 volume 3M 

sodium acetate (pH 6.0) and this mixture was incubated overnight at -20oC. The plates were centrifuged at 

4000rpm for 30 min at 4ºC. The pellet was washed with 170 µl of 70% ice cold ethanol. After air drying the 

pellet was dissolved in 5 µl low EC water. DNA was quantified using nanodrop, ND-1000 (NanoDrop 

Technologies, Inc), and finally 500-1200ng/µl DNA concentration was obtained in low EC water. 

3.17 CLONE SEQUENCING 

After amplification, purification and precipitation, the PCR products of the inserts were used as a template for 

sequencing. Almost 864 clones, randomly selected, were sequenced with Dye terminator Chemistry on 

Applied Biosystems Sequencer model 3700. The following sequencing PCR program was used: 
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Figure 4. Thermocycling profile for the sequencing PCR 

PCR products after sequencing reactions were precipitated with absolute ethanol. 20ul of absolute ethanol was 

added in the PCR-Product. The reactions were vortex mixed and left for precipitation at room temperature for 

30 minutes. Centrifugation was done at 4,000rpm for 35 minutes at room temperature. The supernatant was 

discarded carefully. The pellets were washed with 20ul of 70% ethanol and air dried. Pellet was suspended in 

15ul of formamide. The suspension was poured in 96-wells plate. The samples were denatured at 95°C for 5 

minutes and quick chilled by placing in ice for ten minutes before loading on the ABI PRISM 3700 sequencer 

genetic analyzer according to the manufacturer, s instructions given in technical manuals. Sequence was 

analyzed manually by using Chromas software version (v 1.45) 

3.18 REMOVAL OF VECTOR SEQUENCES USING VEC SCREEN  

Analyzing the vector pDONRTM 222 map showed that the sites of M13 primers are away from the insertion 

site of PCR- Product, so the sequence reads with M13 primers contain additional sequences of vector along 

with the sequence of PCR-Product. Vector was screened both manually and NCBI’s online software 

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

and pure sequences were obtained. 
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Figure 5.  Map and Features of pDONR 222 with Site of PCR Product 

 3.19 BLAST SEARCH 

The nucleotide sequence or the deduced amino acid sequence of each clone was compared with DNA, EST, 

and protein sequences from various databases by means of the basic local alignment search tool (BLAST) 

(Altschul et al., 1990) to find the homology. 

 

http://crop.scijournals.org/cgi/content/full/43/2/678#BIB1
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3.20 PRINITNG OF cDNA MICROARRAY 

The amplified insert cDNA was spotted on a glass slide of ArrayIt® brand SuperAmine 2 using a microspotter 

(microGrid610) made by Genomic Solutions®. The spots were made by nano-liters of volume in duplicate at 

an expected ratio of 9,408 spots per slide. Two Internal control, β-Actin and GAPDH were used as internal 

controls for the normalization of data. The clones were printed in a format of 14×14 sub-grids, leaving four (4) 

blank spots per sub-grid for background correction. Total 12×4 sub-grids were printed per slide with the help 

of solid pins (Genomic Solutions®). The slide printing conditions were 20±2oC and 45±2% humidity.  After 

prinitng slides were dried and stored in dark at room temperature for future use.  

3.21  HYBRIDIZATION OF TARGET WITH cDNA MICROARRAY PLATFORM 

3.22 TARGET PREPARATION  

3.22.1 AMINOALLYL LABELING 

For the aminoallyl labeling of cDNA, 45 µg of total RNA (DNA free), was taken from wild and wax mutant 

plant, and 2 µg of OligodT18 primer was added to it and final volume was made up to 18.0 µl with RNase-free 

water. The contents were mixed well and incubated at 70oC for 10 minutes. After incubation the mixture was 

placed on ice for 30 seconds, centrifuged and following contents were added:  

5X First Strand buffer   6.0 µl 

0.1 M DTT    3.0 µl 

50X aminoallyl-dNTP mix  0.5 µl 

SuperScript III RT (200U/µl)             2.0 µl 

RNAse inhibitor               0.5 µl 

The contents were mixed well, centrifuged briefly and incubated at 42oC for 3 hours. Then to hydrolyze RNA, 

2U of RNAse H were added, mixed and incubated at 37oC for 15 minutes and mix 25µl of 1M Tris (pH 6.8) 

was added to neutralize pH. 
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Figure 6. Thermocycling profile for cDNA synthesis 

3.4.1.2 REMOVAL OF UNINCORPORATED aa-dUTP AND FREE AMINES  

cDNA synthesized was mixed with 300 µl (5X reaction volume) buffer PB (Qiagen supplied) and transferred 

to QIAquick column placed in a 2ml collection tube (Qiagen supplied), centrifuged at 13,000 rpm for 1 minute 

and flow through was discarded. 750µl phosphate wash buffer was added to the column, centrifuged at 13,000 

rpm for 1 minute, flow through was discarded and wash step was repeated. Column was placed in new 

collection tube and centrifuged for 1 minute at maximum speed. Column was transferred to a new 1.5 ml 

microfuge tube, 30 µl phosphate elution buffers was applied to the center of the column membrane and 

incubate for 1 minute at room temperature. cDNA was eluted by centrifugation at 13,000 rpm for 1 minute. 

Second elution was done in the same way and sample was dried in a speed vac.  

3.22.3 COUPLING aa-cDNA TO CYANINE DYEESTER 

Single foil pack of dye cyanine (Cy) 3/cyanine (Cy) 5 (Amersham- PA23001) was re-suspended in 40µl 

DMSO. Dry cDNA was dissolved in 5µl 0.1M sodium carbonate (pH 9.0) and 5 µl Cy3/Cy5 dye was added to 

sample and mixed. The reaction was incubated for 1 hour in the dark at room temperature. 

3.22.4   REMOVAL OF UNCOUPLED DYE  

Dye coupled cDNA was mixed with 250 µl (5X reaction volume) buffer PB (Qiagen supplied) and transferred 

to QIAquick column placed in a 2ml collection tube (Qiagen supplied), centrifuged at 13,000 rpm for 1 minute 

and flow through was discarded. 750µl phosphate wash buffer was added to the column, centrifuged at 13,000 

rpm for 1 minute, flow through was discarded and wash step was repeated. Column was placed in new 

collection tube and centrifuged for 1 minute at maximum speed. Column was transferred to a new 1.5 ml 
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microfuge tube, 40 µl elution buffer (EB) was applied to the center of the column membrane and incubate for 

1 minute at room temperature. cDNA was eluted by centrifugation at 13,000 rpm for 1 minute. Same steps 

were repeated for elution of other samples. The concentration and the dye incorporation of labeled cDNA were 

measured by Nano Drop (NanoDrop Technologies, Inc), using program “Microarrays”.  

3.23 HYBRIDIZATION 

3.23.1 PRE-HYBRIDIZATION 

Spotted slide was rehydrated by array facing down on water at 40oC. The slide was cross linked in a 

Stratagene® UV linker twice at 1600 µJ x 100. Slide was placed in pre-heated prehyb (Appendix VIII) buffer 

in 42oC water bath and incubated for 45 min with occasional shaking. Slide was washed in millipore water for 

two times, once in isopropanol and then spin dried by keeping slide in 50 ml tube with kimwipe stuffed in the 

bottom in a swing bucket rotor at 2000 rpm for 1-2 min. 

3.23.2 HYBRIDIZATION 

Equal concentrations of Cy3 and Cy5 probes (200 pmole each) in terms of dye pmoles were taken and mixed 

in the 2X hybridization buffer (Appendix IX). The target was heated to 95oC for three minutes and then 

immediately put on ice. Slide was placed in chamber of hybstation (Genomic Solutions®) with array side up. 

Target was injected to slide in chamber at 65oC and then slide was incubated at 42oC for 30 hours.  

3.23.3 SLIDE WASHING 

Slide was removed from hybstation and washed in solution containing 1X SSC, 0.2% SDS at 42oC for 2 min 

with agitation. Then, slide was shifted to second wash solution containing 0.1X SSC, 0.2% SDS at room 

temperature and incubated for 2 min with agitation. After 2 min slide was moved to third wash solution 

containing 0.1X SSC and kept for 2 min with agitation. Slide was spin dried immediately by keeping slide in 

50 ml tube with kimwipe stuffed in the bottom in a swing bucket rotor at 2000rpm for 1min and preceded for 

slide scan.    

3.24 SLIDE SCANNING 

Slides were scanned in Cy3 and Cy5 channels with the help of scanner UC 4X4 (Genomic solution®). The 16-

bit tiff images of Cy3 and Cy5 channels were saved.     
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3.5.1 IMAGES PROCESSING & RAW DATA GENERATION  

The 16-bit scanned tiff images of Cy3 and Cy5 were initially analysed with the help of TIGER SPOTFINDER 

software available freely on line from the TM4 website (Saeed et al. 2003). Poor-quality spots (sum of median 

<500) were filtered from the raw data before analysis. Background was subtracted and the signal ratio between 

Cy3 and Cy5 was calculated. The initial/raw data were saved as mev file. 

3.26. DATA NORMALIZATION & ANALYSIS 

3.26.1 DATA NORMALIZATION 

The data normalization and analysis was done by the help of freely available software Microarray Data 

Analysis Software (MIDAS) and Microarray Experiment Viewer (MEV) from the TM4 website (Saeed et al. 

2003). Data normalization methods proceed from the assumption that only a relatively small proportion of the 

genes change significantly in expression level between the two hybridized mRNA samples. The house keeping 

gene GAPDH and β-Actin were used for the normalization of spot signal intensities within the slide. The 

signal intensity was calculated as the mean intensities of the two replicates minus the background signal. The 

MIDAS component of TM4 provides a number of data normalization methods and filters and supports 

applying them in a pipelined fashion. 

3.27 THE MIDAS PROJECT 

A MIDAS project was applied consisting of total intensity normalization, lowess (locally weighted scatterplot 

smoothing) normalization, standard deviation regularization, and low intensity filtering to microarray data. 

MIDAS default parameters were used throughout, the default low intensity filter cut-off was RiGi < 

10,000/1000. 

3.28 TM4 MEV ANALYSIS 

The Multi Experiment Viewer (MEV) component of TM4 provides a number of statistical analyses and 

clustering algorithms to identify differentially expressed genes. Results from the one-class t-test analysis 

applied to output of the MIDAS pipeline were analyzed. This test assumes that the paired distribution of 

treated and control groups is normally distributed. Since the intensities measured from the same spot were 

correlated, one-class t-test for the two-group comparison was applied. The spot showing signal intensities ≥/≤ 
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2.0-fold were considered differentially expressed transcripts with p ≤ 0.05 was defined as the threshold for 

significant differential expression. 

3.30 SEQUENCING OF DIFFERENTIALLY EXPRESSED TRANSCRIPTS 

After microarray analyses, the plasmids containing the differentially expressed transcripts, were isolated and 

sequenced with dye terminator chemistry on Applied Biosystems Sequencer model 3700 as mention above. 

3.31 VALIDATION STUDIES BY QUANTITATIVE REAL-TIME PCR  

Real-time PCR reactions were carried out to validate the results of microarray data using Real Time ABI 7500 

system (Applied Biosystems Inc, USA) with a 96-well plate using the MaximaTM SYBR Green/ROX qPCR 

Master mix (2X) Fermentas. Fourteen differentially expressed clones in primary and lateral roots were 

randomly selected to validate microarray results. The sequences of primers used in real-time PCR with 

GENBANK ACC numbers are given in Table 3. The product size ranges from 71bp-200bp. The cotton 

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as house-keeping control. 100ng of cDNA 

was used in each reaction. Each sample was used in triplicate pattern. A melting curve analysis was carried out 

by continuously monitoring fluorescence between 60°C and 95°C with 0.5°C increments every 30s.The 

relative gene expression analysis was carried out by the SDS V3.1 software (Applied Biosystems Inc, USA) 

and normalized with GAPDH gene. 
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GENBANK 
ACC_NO 

Forward Primer Reverse Primer Product 
size (bp) 

JK757172 CAACAAAAGCATTCGTTCCA ATGAGGAAGCAAGGGACAGA 195 

JK757654 ACTGGAATGGGGAGAGTGTG AAGGCCTATTGGTGCAAATG 167 

JK757657 GACCTGTCGTGCACAATGAT AGAGGGGGACAACGAAGG 139 

JK757674 TTGACTGATAGTGTCCTGCTTTG TGTACAAAGTTGGCAATGAAAAA 71 

JK757668 CGGCCGCACAACTTTAAT GGGCCCATTTAGGGAAAAA 101 

JK757671 TTTTGACTGATAGTGACCTGTTCG TTAGGGTCTCTGGTTCACAAAAA 100 

JK757669 CACAACTTTCTTGTCAAAGTCCA GAAAAGAAGCCAGTCAGTAGCTC 141 

JK757677 TGACGATTGTACAAGAAAGTTGG CGGGACAATGACTTCTTTCTG 170 

JK757682 CTGCAACAAGATTATTGAGGAAAA CCAACAGCAAGCTCCATACA 176 

JK757706 AGCGAAATGCGATACTTGGT CAAGCTTTTAAATCCCCTTTGA 170 

JK757717 GCATTTTGCTCCCATCTGTT ACTCAACATAATCCATCCTCCAA 162 

JK757725 GGTGGCCGAGACAAAAATC TAGGGACACCTCCTCGGATA 163 

JK757736 CCGAGATGACAGAACGACAA TGAAATGCCGTCAAGAACAG 101 

JK757747 CGAGAAAATGGAGGACTGGA AGCTTGATTAAGGCACGATGA 165 

GAPDH AGGAAGAGCTGCTTCGTTCA CCGCCTTAATAGCAGCTTTG 200 

Table 3: Sequences of the primers used in Real-time PCR with their GenBank Acc_No 
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3.32 BIOINFORMATIC STUDIES 

3.32.1. BLAST SEARCH 

 Raw EST sequences data were edited to remove vector and poor quality sequences. The ESTs were subjected 

to BlastX analysis against the non-redundant database with E-value < 1, and BlastN analysis against the non-

redundant (nr) and EST databases with E-value < 1.0e-7, at NCBI GenBank to search for similarity. All 

assembled sequences having the same annotation were further clustered into a unigene. 

3.32.2 GENE ONTOLOGY (GO) AND FUNCTIONAL ANNOTATION 

The gene code names (Atg) of Arabidopsis orthologs, identified by similarity search, were subjected to GO 

functional categorization at TAIR web site (http://Arabidopsis.org/tools/bulk/go/index.jsp), (Berardini et al. 

2004) on the basis of cellular components, molecular functions and biological processes. The genes annotation 

list and pie charts were saved. 

3.32.3 GENE INVESTIGATOR BY RESPONSE VIEWER 

Arabidopsis orthologs of differentially expressed ESTs, identified by similarity search, were subjected to gene 

investigator expressional analysis response viewer (Zimmermann et al. 2004), to find their expression in 

abiotic stresses. The log2 ratios of Arabidopsis orthologs under abiotic stresse and their differentially expressed 

potential drought stress candidate ESTs were subjected to Multi Experiment Viewer (MEV) component of 

TM4 for gene expression profile clustering. 
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4. RESULTS 
4.1 MEAN PERFORMANCE AND ANALYSIS OF VARIANCE (ANOVA) OF CONTROL AND DROUGHT 
STRESS FOR MORPHOLOGICAL CHARACTERS 

Under water stressed condition plant height (Figure 7) was markedly reduced. Data on plant height revealed 

that plants have differing response to the two conditions. Control plants had the tall plant height measuring 

13.56 cm (Table 4). In contrast drought stressed plants had shorter plant height measuring 9.96cm. Based upon 

root length (Figure 7) data (Table 4) plants didn’t appear to response differently to control and drought 

stressed condition. The root length of control plant was 20.20cm. Under water stress significant reduction in 

root length (17.26cm) was observed.  

Fresh shoot weight (Figure 8) and under control and drought stress condition didn’t differ significantly. Data 

on absolute values of fresh root weight revealed that plants had no significant differential response under 

control and water stress condition. For control and drought stressed plant fresh shoot weight appeared to be 

1478.9mg (Table 4) and 980.40mg respectively.  

 Dry shoot weight (Figure 8) of control and drought stressed plants differed significantly, the drought stressed 

plants had more dry root shoot ratio as compared to the control plants. The differential response of plants to 

water stress for dry matter or weight is obvious from their indices of water stress tolerance. Shoot dry weight 

of 323.63mg (Table 4) and 453.47mg was observed for control and drought stress plants respectively.  

Dry root weight (Figure 8) stressed plants was markedly increased in contrast to control plants. Control plants 

had less dry root weight measuring 204.30mg (Table 4) against dry root weight of 384.52mg in drought 

stressed which was found to be significantly higher as compared to control plans. Due to drastic increase in 

dry root weight in stressed condition the plants may be rated as tolerant to water stress.   

Data on absolute values of root shoot ratio (Figure 9) revealed that stress plants had differential response to 

drought condition. Control plants had root shoot ratio of 0.560 (Table 4) while those of stress plants had a root 

shoot ratio of 0.846 which is significantly higher than that of control ones.  

Analysis of variance for seedling traits under normal and water stress conditions is presented in Table 9. 

Variability was found in the material which was indicated by the presence of significant mean squares for the 
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characters viz., fresh plant height, root length, dry root weight, dry shoot weight and root shoot ratio. While 

morphological traits fresh shoot weight and fresh root weight was found to be non significant. 

   

Figure 7. Comparison of plant height and root length in control and drought stressed plants 
PH=Plant height FRL= Root length 

     

Figure 8. Comparison of fresh and dry root and shoot weight in control and stressed plants 
FRW= Fresh root weight, FSW= Fresh shoot weight,  
 DRW= Dry root weight,        DSW= Dry shoot weight 
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Figure 9. Comparison of root shoot ratio in control and drought stressed plants 
R/S= root shoot ratio 
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4.2 MEAN PERFORMANCE AND ANALYSIS OF VARIANCE (ANOVA) OF CONTROL AND DROUGHT 
STRESS PLANTS FOR PHYSIOLOGICAL PARAMETERS 

Relative water content is considered a measure of plant water status, reflecting the metabolic activity in tissues 

and used as a most meaningful index for dehydration tolerance. RWC of leaves is higher in the initial stages of 

leaf development and declines as the dry matter accumulates and leaf matures. Significant difference was 

observed for relative water contents (Figure 10) among between control and drought stressed plants. Relative 

water content was significantly higher in control plants as compared to stressed plants. In control plants water 

contents were found to be 70.23% while 44.30% (Table 5) was observed in contrast to drought stressed plants.  

Markedly increase in cell membrane thermostability (Figure 10) was found in case of drought stressed plants 

in contrast to those of control plants. In control and drought stressed plants the cell membrane stability was 

found to be 55.36% and 68.28 %respectively (Table 5).  

Photosynthetic rate (Figure 11) of control plants responded significantly as compared to those of drought 

stressed plants. In case of control plants 8.65µmolm-2s-1 photosynthetic rate was measured while in drought 

stressed plants it was found to be 8.25µmolm-2s-1(Table 5).  

Based upon transpiration rate (Figure 11) plants appear to respond differently to control and drought stressed 

plants. Data on absolute values of transpiration rate revealed that plants had significantly differential response 

to drought stress. For control and drought stressed plants photosynthetic rate of 1.45mmolm-2s-1 and 

2.17mmolm-2s-1 was (Table 5) observed respectively.   

Under water stressed condition significant increase in Stomatal conductance (Figure 11) was observed as 

compared to those of control plants. In control plants the Stomatal conductance rate of 2.633mmolm-2s-1 (Table 

5) was measured while for drought stressed plants the rate of Stomatal conductance was found to be 

3.720mmolm-2s-1 which is significantly higher than that of found in control plants.  

Instantaneous water use efficiency (Figure 12) didn’t respond significantly in control and drought stressed 

plants. Instantaneous water use efficiency of 3.383µmolmmol-1 and 2.230µmolmmol-1 (Table 5) was calculated 

in control and drought stressed plants respectively.  

Analysis of variance for physiological and gas exchange traits (Table 10) indicated that transpiration mean 

square was highly significant following cell membrane thermostability, relative water contents, and Stomatal 
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conductance mean squares were considered to be significant. While mean squares for photosynthetic rate and 

instantaneous water use efficiency were calculated as non significant. 

 

Figure 10. Comparison of relative water contents and cell membrane thermostability in control 
and drought stressed plant 

RWC= relative water contents, CMS= Cell membrane thermostability 
 

 

Figure 11. Comparison of gas exchange / photosynthetic attributes in control and drought 
stressed plants 

Pn= Photosynthetic rate, C= Stomatal conductance, E= Transpiration  
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Figure 12. Comparison of instantaneous water use efficiency in control and drought stressed 
plants 

WUEi= Instatneous water use effeciency 
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4.3 MEAN PERFORMANCE AND ANOVA OF CONTROL AND DROUGHT STRESS PLANT FOR WATER 
RELATIONS 

Plants under drought stress conditions markedly show an increase in water potential (Figure 13) while those 

plants grown under control conditions had reduced water potential. The water potential of -0.853Mpa was 

found in control plants while in case of drought stressed plants significantly higher water potential of -

1.346Mpa (Table 6) was recorded.  

Significant difference was measured for osmotic potential (Figure 13) in control and drought stressed plants. 

Osmotic potential of -2.620Mpa and -3.706Mpa (Table 6) was measured for control and drought stressed 

plants respectively.  

Regarding turgor potential (Figure 13), a significant change was measured. Higher turgor potential was 

calculated in case of drought stressed plants as compared to those of control plants. In control plants turgor 

potential of 1.766Mpa, while those for stressed plants a turgor potential of 2.360Mpa (Table 6) was calculated. 

Analysis of variance for plant water relations (Table 11) revealed that means squares for osmotic potential and 

water potential were highly significant followed by the turgor potential whose mean square appeared to be 

significant.  

 

Figure 13. Comparison of plant water relations in control and drought stressed plants 
Wp= Water potential, Op= Osmotic potential, Tp= Turgor/Total potential 
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4.4 MEAN PERFORMANCE AND ANALYSIS OF VARIANCE OF BIOCHEMICAL ATTRIBUTES UNDER 
CONTROL AND DROUGHT STRESS  

As revealed from data for Proline (Figure 14), the stress leaf and root produced significant difference in 

contrast to control leaf and root. In stress leaf the amount of proline was found to be 456.49µg/g followed by 

the 55.46µg/g (Table 7) in control leaf, similarly 179.52µg/g and 15.77µg/g proline was found in stress and 

control root tissue respectively.  

The total soluble protein (Figure 14) concentration was found to be higher in stress leaf and root as compared 

to control leaf and root. The concentration of protein estimated in the stress leaf and control root leaf was 

13.14µg/g and 10.88µg/g (Table 7) respectively. In stress and control root tissue the total soluble protein was 

76.80µg/g and 33.76 µg/g respectively.  

The plants under water stress conditions showed a remarkable difference in total soluble sugars (Figure 16). 

The total soluble sugar found in stress leaf was profoundly higher than the control plant leaf. The stress leaf 

had total soluble sugar of 40.76mg/g while 35.53mg/g (Table 8) total soluble sugar was found in control leaf. 

While in case of stress root similarly higher concentration of 39.23mg/g was found as compared to that of 

36.03mg/g found in control root. 

Stressed leaf possessed significantly higher amount of total free amino acids (Figure 16) in comparison to 

control plant leaf. In stress and control leaf tissue amount of total free amino acid was estimated to be 

0.60mg/g & 0.25mg/g (Table 8) respectively. Total amino acid pool was increased by drought in cotton. Our 

results are in accordance with many reports of increased levels of free amino acid pool during drought in 

different plant species (Good and Zaplachinski 1994). Thus, the drought induction in cotton showed an 

increase in total amino acid pool which reflects the mode of adjustment to drought in this plant. 

Analysis of variance (Table 12) displayed highly significant mean squares for all biochemical attributes in leaf 

tissue Proline, protein, total soluble sugars & total free amino acids. The mean squares of all the biochemical 

attributes (Table 13) in root tissue Proline, protein, total soluble sugars, and total free amino acids were studied 

highly significant.   
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Figure 14. Comparison of proline and total soluble protein in control and drought stressed leaf 
tissue 

PROL= Proline, PROT= Protein 

  

 Figure 15. Comparison of proline and total soluble protein in control and drought 
stressed root tissue 

PROL= Proline, PROT= Protein 
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Figure 16. Comparison of total soluble sugars and total free amino acids in control and drought 
stressed leaf tissue 

TSS= Total soluble sugars, FAA= Total free amino acids 

      

Figure 17. Comparison of total soluble sugars and total free amino acids in control and drought 
stress root tissue 

TSS= Total soluble sugars, FAA= Total free amino acids 
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Table 4. Mean performance of control and drought stress plants for morphological characters 

Traits 
 

Plant 
height 
(cm) 

Root 
length 
(cm) 

Fresh 
shoot 
weight 
(mg)  

Fresh 
root 
weight 
(mg) 

Dry shoot 
weight 
(mg) 

Dry root 
weight 
(mg) 

Root 
shoot 
ratio 

Control 13.567 a 20.200 a 1478.9 a 553.37 a 323.63 b  204.30 b 0.560 b 

Stress 9.966 b 17.260 b 980.40 a 448.93 a 453.47 a  384.52 a 0.846 a 

 
Means followed by different alphabet are different at 5% level of significance based on least significant difference test (LSD)  
while those followed by same letters are statistically non significant  

Table 5. Mean performance of control and drought stress plants for physiological parameters 

Traits Relative 
water 
contents 
(%) 

Cell 
membrane 
thermostability 
(%) 

Photosynthetic 
rate (Pn) 
µmolm-2s-1 

Transpiration 
(E)      
mmolm-2s-1 

Stomatal 
conductance 
(C)         
mmolm-2s-1 

Instantaneous 
water use 
efficiency 
(iWUE)  
µmolmmol-1 

Control 70.23 a 55.36 b 8.65 a 1.45 b 2.633 b 3.383a 

Stress 44.30 b 68.28 a 8.25 a 2.17 a 3.720 a 2.230a 

Means followed by different alphabet are different at 5% level of significance based on least significant difference test (LSD)  
while those followed by same letters are statistically non significant  

Table 6.  Mean performance of control and drought stress plants for water relations 

Traits Osmotic 
potential            
(-Mpa) 

Turgor 
potential (-Mpa) 

Water potential      
(-Mpa) 

Control -2.620 b 1.766 b -0.853 b 

Stress -3.706 a 2.360 a -1.346 a 
Means followed by different alphabet are different at 5% level of significance based on least significant difference test (LSD)  
while those followed by same letters are statistically non significant  

Table 7.  Mean performance of control and drought stress in leaf tissue for biochemical attributes 

Traits Proline 
(µg/g) 

Total 
soluble 
Protein 
(µg/g) 

Total 
soluble 
sugars 
(mg/g) 

Total free amino 
acids  (mg/g) 

Control 55.46 b 10.88 b 35.53 b 0.25 b 

Stress 456.49 a 13.14 a 40.76 a 0.60 a 

Means followed by different alphabet are different at 5% level of significance based on least significant difference test (LSD)  
while those followed by same letters are statistically non significant  
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Table 8.  Mean performance of control and drought stress in root tissue for biochemical attributes 

Traits Proline 
(µg/g) 

Total 
soluble 
Protein 
(µg/g) 

Total 
soluble 
sugars 
(mg/g) 

Total free 
amino acids  
(mg/g) 

Control 15.77 b 33.76 b 36.03 b 0.35 b 

Stress 179.52 a 76.80 a 39.23 a 0.80 a 

Means followed by different alphabet are different at 5% level of significance based on least significant difference test (LSD)  
while those followed by same letters are statistically non significant  
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Table 9. Analysis of variance (ANOVA) for drought tolerance indices based upon 
morphological characters  
 
Characters Treatment 

MS 
Error 
MS 

F P CV (%) 

Plant height (cm) 19.44 1.73 11.18* 0.028 11.21 
Root length (cm) 12.96 1.40 9.25* 0.038 6.32 
Fresh shoot weight 
(mg) 

372803 60797 6.13 NS 0.068 20.05 

Fresh root weight 
(mg) 

16359.5 17856.5 0.92 NS 0.392 26.66 

Dry shoot weight (mg) 25285.0 1917.9 13.18* 0.022 11.27 
Dry root weight (mg) 48720.7 3102.4 15.70** 0.016 18.92 
Root shoot ratio 0.123 0.011 10.84* 0.030 15.16 
  
*, denotes significant differences at 5% probability level (P≤0.05) 
**, denotes significant differences at 1% probability level (P≤0.01) 
NS= non significant 

Table 10. Analysis of variance (ANOVA) for drought tolerance indices based upon 
physiological and gas exchange traits  
 
Characters Treatment 

MS 
Error MS F P CV (%) 

Cell membrane thermostability 
(%) 

250.26 19.27 12.98* 0.022 7.10 

Relative water content (%) 1009.07 127.24 7.93* 0.048 18.70 
Photosynthetic rate (µmolm-2s-1) 0.2320 0.3763 0.62 NS 0.476 7.26 
Transpiration (mmolm-2s-1) 0.7848 0.0394 19.89** 0.011 10.97 
Stomatal conductance (mmolm-

2s-1) 
1.7712 0.1754 10.10* 0.033 13.18 

Instantaneous water use 
efficiency (µmolmmol-1) 

1.9952 0.3466 5.76 NS 0.074 20.98 

 
*, denotes significant differences at 5% probability level (P≤0.05) 
**, denotes significant differences at 1% probability level (P≤0.01) 
NS= non significant 

Table 11. Analysis of variance (ANOVA) for drought tolerance indices based upon plant water 
relations components   
 
Characters Treatment 

MS 
Error 
MS 

F P CV (%) 

Osmotic potential (-Mpa) 1.7712 0.0369 47.92** 0.002 6.08 
Water potential (-Mpa) 0.3650 0.0075 48.46** 0.002 7.89 
Turgor potential (-Mpa) 0.5280 0.0628 8.40* 0.044 12.15 
 
*, denotes significant differences at 5% probability level (P≤0.05) 
**, denotes significant differences at 1% probability level (P≤0.01) 
NS= non significant  
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Table 12. Analysis of variance (ANOVA) for drought tolerance indices based upon biochemical 
attributes in leaf tissue  
 
Characters Treatment 

MS 
Error MS F P CV (%) 

Proline (µg/g) 40219.5 1.1 37790.8** 0.000 1.06 
Total soluble Protein(µg/g) 2778.6 1.54 1808.0** 0.000 2.24 
Total soluble sugars(mg/g) 15.360 0.308 49.82** 0.0021 1.48 

Total free amino acids(mg/g) 0.30375 0.0017 173.5** 0.0002 7.28 

 
*, denotes significant differences at 5% probability level (P≤0.05) 
**, denotes significant differences at 1% probability level (P≤0.01) 
NS= non significant 

 
Table 13. Analysis of variance (ANOVA) for drought tolerance indices based upon biochemical 
attributes in root tissue  
 
Characters Treatment 

MS 
Error 
MS 

F P CV (%) 

Proline (µg/g) 241240 10371 23.26** 0.008 39.78 
Total soluble Protein(µg/g) 7.7066 0.1970 39.11** 0.003 3.70 
Total soluble sugars(mg/g) 41.081 1.038 39.57** 0.003 2.67 
Total free amino acids(mg/g) 0.1837 0.0017 105.00** 0.0005 9.84 
 
*, denotes significant differences at 5% probability level (P≤0.05) 
**,denotes significant differences at 1% probability level (P≤0.01) 
NS= non significant 
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4.5 cDNA LIBRARY 

4.5.1  TOTAL RNA 

Total RNA quality and integrity is a crucial requirement for the construction of cDNA library and microarray 

experiments.  The cotton plant (G. arboreum) contains carbohydrates and phenolic compounds that cause 

hurdles in nucleic acid (DNA and RNA) isolation by forming quinines and conjugating with nucleic acid. It is 

never easy to get good quality and quantity RNA from such plant. No commercial kit is suitable for RNA 

extraction from cotton (G. arboreum) plant. Jakola et al. (2001), method with little modification is used to get 

good quality and quantity RNA from cotton (G. arboreum). The gel picture (Figure 19), clearly shows two 

intact ribosomal RNA (rRNA) bands. The Nanodrop curve (Figure 18), showing single sharp peak at 260nm, 

are the evidence of good quality and quantity total RNA. Both 260/280 and 260/230 ratios are two (2.0), 

confirming the RNA purity, with good concentration (1200 plus ng/µl).  

 

Figure18. Nanodrop plots showing cotton (G. arboreum) total RNA in control and 
drought stressed root samples 

 

Figure19. Total RNA from cotton control and drought stressed root plant, showing two 
intact rRNA bands in control and stressed plants with mRNA smears 
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4.5.2 SIZE SELECTION   

The double strand (ds) cDNA is made from the purified mRNA of total RNA extracted from the drought 

stressed cotton plant (G. arboreum) roots. The dscDNA size ranges from 200bp to onward. Its appearance as 

smear on 0.9% low melt agrose gel is a proof of good quality dscDNA. The cDNA smear equal to one 

kilobases (1kb) on the gel is selected and cut for cDNA library construction. The eluted double strand cDNA 

was ligatted in pDONRTM222 and transformed to ELECTROMAXTM DH10BTM cells.     

4.5.3 cDNA LIBRARY CFU 

Five (5) and fifteen (15) µl volume from cDNA library was spread on LB medium containing Kanamycine 

(50mg/l). Almost 975 and 3168 colonies were counted in five and fifteen micro-liter (µl) plated cDNA library. 

Total 1.22×106 cfu/ml was calculated in six (6) aliquots.  

4.5.4 PLASMID ISOLATION & RESTRICTION DIGESTION CONFIRMATION 

Plasmids were isolated and their vector presence was confirmed on 0.9% agarose gel (Figure 20). Few 

colonies were randomly chosen and screened by colony PCR using M13 (both forward & reverse) primer 

pairs, For library qualifying, positive clones were further confirmed with restriction digestion (Figure 21) 

which authenticated the inserts presence same as obtained during colony PCR. 

 

Figure 20. Plasmid isolation 
M= λ/hindIII ladder 

           Figure 21. Restriction digestion confirmation showing the presence of inserts 
M= 1.0 kb DNA ladder 

4.3 kb 
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4.6  PCR AMPLIFICATION  

Almost ten thousands (10,000) clones from cDNA library were randomly selected. The inserts were 

exponentially amplified through PCR. Two µl of the PCR products, resolved on 1.5% agrose gel, showed well 

distinct sharp bands (Figure 22). Ninety four percent (94 ninety six percent (96%) bands clearly show insert 

size from 200bp to 1.0 kb. The PCR amplification confirms the quality of the cDNA library.  

 

Figure 22. Confirmation of clones by PCR amplification 
Lane 1-96, PCR amplified cDNA clones M = 1Kb DNA Ladder 

 

4.7 cDNA LIBRARY CLONE SEQUENCING 

Clones sequencing is a crucial step of cDNA library validation. It not only confirms cDNA library quality but 

also provide an insight in the organism genome response in that particular condition. Randomly selected eight 

hundred sixty four (864) clones were sequenced using dye terminator chemistry by ABI 3100 and 3700 

sequencer with M13 forward primer. Raw EST sequences are subjected to edit, remove vector and poor quality 

sequences. After filtering eighty two percent (82.2%=711) clones showed quality sequences (Figure. 23) with 
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no redundancy. These ESTs were submitted to Genbank with the accession number JK757087 - JK757798 

(711). 

 

 

 

 

 

 

 

 

 
Figure 23. A single sequenced clone from G. arboreum cDNA library, showing quality of 

sequence. 
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Table 14. Gene function(s) of some EST’s their biological processes, molecular function & cellular 
components along with Gen Bank accession numbers, User_ID and Arabidopsis Gen Bank acc numbers 

Biological Processes (response to stress) 
Gen 
Bank 
AccNo 

User_ID Arabidopsis 
Gen Bank 
Acc No 

Description Gene Function(s) / Location 

JK757675 

 

cembAJ589 

 

AT1G06390 GSK3/shaggy-like protein 
kinase. Gene expression is 
induced by NaCl and ABA 

brassinosteroid mediated signaling 
pathway, kinase activity,plasma membrane, 
protein protein phosphorylation, protein 
serine/threonine kinase activity 

JK757266 cembAJ180 AT1G07400 HSP20-like chaperones 
superfamily protein 

cytoplasm, response to heat, response to 
oxidative stress 

JK757710 

 

cembAJ624 

 

AT1G08920 ESL1 (ERD six like 1),  
a transporter for 
monosaccharides 

carbohydrate transmembrane transport, 
carbohydrate transmembrane transporter 
activity, ion transmembrane transport, 
membraneplant-type vacuole membrane, 
proton transport, response to abscisic acid 
stimulus, response to salt stress, response to 
water deprivation,  

JK757122 

 

cembAJ036 

 

AT1G20450 Encodes a gene induced by low 
temperature and dehydration. 

actin binding, actin cytoskeleton, cold 
acclimation, cytoplasm, cytosol, membrane, 
nucleus, plasmodesma, protein binding, 
regulation of seed germination, response to 
abscisic acid stimulus, response to cold, 
response to stress, response to water, 
response to water deprivation 

JK757663 

 

cembAJ577 

 

AT1G27730 Cys2/His2-type zinc-finger 
proteins found in higher plants 

regulation of transcription, regulation of 
transcription, DNA-dependent, response to 
abscisic acid stimulus, response to chitin, 
response to cold, response to oxidative 
stress, response to salt stress, response to 
water deprivation, response to wounding, 
sequence-specific DNA binding, sequence-
specific DNA binding transcription factor 
activity, zinc ion binding 

JK757166 

 

cembAJ080 

 

AT1G32560 LEA4-1, a member of the Late 
Embryogenesis Abundant 
(LEA) proteins which typically 
accumulate in response to low 
water 

embryo development ending in seed 
dormancy, molecular function unknown, 
plasmodesma, response to osmotic stress, 
response to water deprivation, seed 
development 

JK757773 cembAJ687 AT1G54410 Dehydrin family protein chloroplast, molecular function unknown, 
response to stress, response to water 

JK757112 

 

cembAJ026 

 

AT1G74840 Homeodomain-like superfamily 
protein 

DNA binding, DNA-dependent, 
chloroplast, regulation of transcription, 
response to abscisic acid stimulus, response 
to auxin stimulus, response to cadmium ion, 
response to gibberellin stimulus, response 
to salicylic acid stimulus, response to salt 
stress, sequence-specific DNA binding 
transcription factor activity 

http://www.arabidopsis.org/servlets/TairObject?id=137331&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=29052&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=30851&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=30576&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=136888&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=137898&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=28693&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=29454&type=locus
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JK757372 

 

cembAJ286 

 

AT2G17820 Histidine kinase protein family. histidine phosphotransfer kinase activity, 
membrane, osmosensor activity, 
phosphorylation, protein binding, protein 
histidine kinase activity, protein 
phosphorylation, response to osmotic stress, 
response to water deprivation, seed 
maturation, signal transduction  

JK757360 

 

cembAJ274 AT2G25080 Glutathione peroxidase chloroplast, chloroplast envelope, 
chloroplast stroma, chloroplast thylakoid 
membrane, glutathione peroxidase activity, 
oxidation-reduction process, response to 
oxidative stress 

JK757169 

 

cembAJ083 AT2G30860 Glutathione transferase 
belonging to the phi class of 
GSTs 

glutathione transferase activity, juvenile 
vascular leaf, metabolic process, oxidation-
reduction process, plasma membrane, 
plasmodesma, response to cadmium ion, 
response to zinc ion, root, seedling 
development stage 

JK757588 cembAJ502 AT2G30870 Early dehydration-induced 
gene ERD13  

plasma membrane, protein binding, 
response to cadmium ion, response to water 
deprivation, root, seed, seedling 
development stage 

JK757177 

 

cembAJ091 AT2G41430  Hydrophilic protein lacking 
Cys residues that is expressed 
in response to drought stress 

cytoplasm, protein binding, response to 
bacterium, response to high light intensity, 
response to water deprivation 

JK757205 cembAJ119 AT2G46280 Homolog of mammalian TGF-
beta receptor interacting 
protein. 

CUL4 RING ubiquitin ligase complex, 
cultured plant cell, cytosol, nucleotide 
binding, protein binding, response to 
cadmium ion, response to salt stress, root 

JK757432 

 

cembAJ346 

 

AT3G01090 SNF1(sucrose non fermenting)-
related protein kinase that 
physically interacts with SCF 
subunit SKP1/ASK1 and 20S 
proteosome subunit PAD1 

abscisic acid mediated signaling pathway, 
developmental process involved in 
reproduction, nuclear ubiquitin ligase 
complex, organ senescence, primary root 
development, protein binding, protein 
kinase activity 

JK757546 cembAJ460 AT3G61350 SKP1 interacting partner 
(SKIP4). 

cellular component unknown, response to 
cold 

JK757774 

 

cembAJ688 

 

AT3G62420 group-S bZIP transcription 
factor. Forms heterodimers 
with group-C bZIP 
transcription factors 

DNA binding, DNA-dependent, protein 
binding, protein heterodimerization activity, 
regulation of transcription,  

JK757477 

 

cembAJ391 AT4G34000 ABA-responsive element-
binding protein with similarity 
to transcription factors that is 
expressed in response to stress 

abscisic acid mediated signaling pathway, 
cultured plant cell, positive regulation of 
transcription, response to salt stress, 
response to stress, response to water 
deprivation, 

JK757483 

 

cembAJ397 

 

AT5G07690 
 

putative transcription factor 
(MYB29) 

regulation of glucosinolate biosynthetic 
process, regulation of transcription, 
regulation of transcription, DNA-
dependent, response to gibberellin stimulus, 
response to jasmonic acid stimulus, 

http://www.arabidopsis.org/servlets/TairObject?id=227211&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=31512&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=33426&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=33429&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=34647&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=35062&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=40447&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=39894&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=39402&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=127162&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=132783&type=locus
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response to salicylic acid stimulus, 
JK757738 

 

cembAJ652 

 

AT5G10720 Histidine Kinase negative regulation of abscisic acid 
mediated signaling pathway, negative 
regulation of ethylene mediated signaling 
pathway, plasma membrane, protein 
histidine kinase activity, protein 
phosphorylation, regulation of stomatal 
closure, root development 

JK757671 

 

cembAJ585 

 

AT5G19320 RAN GTPase activating protein 
2 

RAN GTPase activator activity, chloroplast, 
cultured plant cell, endoplasmic reticulum, 
intracellular, nuclear envelope, 
nucleocytoplasmic transport, positive 
regulation of Ran GTPase activity, response 
to salt stress, root 

JK757430 cembAJ344 AT5G54470 B-box type zinc finger family 
protein 

DNA-dependent, intracellular, regulation of 
transcription, regulation of transcription, 
DNA-dependent, response to cold 

Response to biotic or abiotic stimulus 
JK757742 cembAJ656 AT1G13080 Cytochrome P450 

monooxygenase 
electron carrier activity, heat acclimation, 
heme binding, iron ion binding, 
monooxygenase activity, oxidation-
reduction process, oxygen binding 

JK757486 

 

cembAJ400 

 

AT1G20020 leaf-type ferredoxin:NADP(H) 
oxidoreductase 

NADPH dehydrogenase activity, apoplast, 
chloroplast, chloroplast stroma, cotyledon, 
cytosol, defense response to bacterium, 
defense response to fungus, incompatible 
interaction, oxidation-reduction process, 
oxidoreductase activity, poly(U) RNA 
binding, seedling development stage, 

JK757710 

 

cembAJ624 

 

AT1G08920 ESL1, a transporter for 
monosaccharides 

carbohydrate transmembrane transport, , 
ion transmembrane transport, membrane, 
proton transport, response to abscisic acid 
stimulus, response to salt stress, response 
to water deprivation 

JK757663 

 

cembAJ577 

 

AT1G27730 Cys2/His2-type zinc-finger 
proteins found in higher plants 

negative regulation of transcription, 
DNA-dependent, nucleic acid binding, 
nucleus,photoprotection, 
photosynthesisregulation of transcription, 
DNA-dependent, response to abscisic acid 
stimulus, response to chitin, response to 
cold, response to high light intensity, 
response to oxidative stress, response to 
salt stress, response to water deprivation 

JK757166 

 

cembAJ080 

 

AT1G32560 LEA4-1, a member of the Late 
Embryogenesis Abundant 
(LEA) proteins 

embryo development ending in seed 
dormancy, molecular function unknown, 
plasmodesma, response to osmotic stress, 
response to water deprivation, seed 
development 

JK757466 

 

cembAJ380 

 

AT2G21050 LAX2 (LIKE AUXIN 
RESISTANT), a member of 
the AUX1 LAX family of 

amino acid transmembrane transport, 
amino acid transmembrane transporter 
activity, amino acid transport, membrane, 

http://www.arabidopsis.org/servlets/TairObject?id=132687&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=131426&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=131002&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=30172&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=136804&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=30851&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=136888&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=137898&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=32681&type=locus
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auxin influx carriers response to nematode, root cap 
development, transporter activity 

JK757186 cembAJ100 AT2G30520 
 

light inducible root 
phototropism 2 

nucleus, phototropism, protein binding, 
signal transducer activity, signal 
transduction 

JK757632 cembAJ546 

 

AT2G35000 E3 ligase-like protein induced 
by chitin oligomers 

defense response to fungus, 
endomembrane system, protein 
ubiquitination, response to chitin, 
ubiquitin-protein ligase activity 

JK757192 cembAJ106 AT2G40000 HS1 PRO-1 defense response to bacterium, defense 
response to bacterium protein binding, 
response to oxidative stress, response to 
salicylic acid stimulus  

JK757177 cembAJ091 AT2G41430 Hydrophilic protein lacking 
Cys residues 

cytoplasm, protein binding, response to 
bacterium, response to high light 
intensity, response to water deprivation 

JK757205 cembAJ119 AT2G46280 homolog of mammalian TGF-
beta receptor interacting 
protein 

CUL4 RING ubiquitin ligase complex, 
cytosol, nucleotide binding, protein 
binding, response to cadmium ion, 
response to salt stress, root 

JK757214 cembAJ128 AT3G04720 antifungal chitin-binding 
protein (HEVEIN like) 

defense response to fungus, defense 
response to fungus, protein binding, 
response to ethylene stimulus, response to 
salt stress, response to virus, root 

JK757281 cembAJ195 AT3G18030 flavin mononucleotide (FMN) 
flavoprotein involved in salt 
and osmotic tolerance 
(HAL3A) 

FMN binding, coenzyme A biosynthetic 
process, cytosol, hyperosmotic salinity 
response, metabolic process 

JK757546 cembAJ460 AT3G61350 SKP1 interacting partner 
(SKIP4). 

molecular function unknown, response to 
cold 

JK757725 cembAJ639 

 

AT4G13510 ammonium transporter ammonium transmembrane transport, 
lateral root formation, membrane, 
nucleus, plasma membrane, plasmodesma, 
protein polymerization, response to 
abscisic acid stimulus 

JK757163 cembAJ077 AT4G14400 protein with putative ankyrin 
(Accelerated Cell Death 6) 

cell death, defense response to bacterium, 
defense response to bacterium, membrane, 
response to salicylic acid stimulus, 
response to virus 

JK757646 cembAJ560 AT4G31550 WRKY Transcription Factor DNA-dependent, calmodulin binding, 
defense response to bacterium, nucleus, 
protein binding, regulation of 
transcription, 

JK757511 cembAJ425 

 

AT5G37770 Calmodulin-Like 24 
 

plasma membrane, regulation of flower 
development, regulation of nitric oxide 
metabolic process, response to abscisic 
acid stimulus, response to absence of 
light, response to auxin stimulus, response 
to cold, response to heat 

JK757430 cembAJ344 AT5G54470 B-box type zinc finger family 
protein 

DNA-dependent, intracellular, pollen 
development, regulation of transcription, 

http://www.arabidopsis.org/servlets/TairObject?id=35269&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=32291&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=34765&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=34647&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=35062&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=37457&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=37943&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=39894&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=130221&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=128719&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=128050&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=132190&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=131002&type=locus


83 
 

 regulation of transcription, DNA-
dependent, response to cold, sequence-
specific DNA binding transcription factor 
activity, 

Protein metabolism 
JK757675 

 

cembAJ589 

 

AT1G06390 GSK3/shaggy-like protein 
kinase. Gene expression is 
induced by NaCl and ABA 

brassinosteroid mediated signaling 
pathway, cytosol, hyperosmotic salinity 
response, kinase activity, phosphorylation, 
plasma membrane, protein 
serine/threonine kinase activity, regulation 
of protein localization 

JK757711 

 

cembAJ625 

 

AT1G07940 GTP binding Elongation factor 
Tu (EF- TU) family protein 

calmodulin binding, cytosol, 
mitochondrion, plasma membrane, 
plasmodesma, seedling development 
stage, translation elongation factor 
activity, translational elongation, 

JK757781 cembAJ695 AT1G11670 MATE (Multi drug and toxic 
compound extrusion) efflux 
family protein 

N-terminal protein myristoylation, 
antiporter activity, drug transmembrane 
transport, drug transmembrane transporter 
activity,  

JK757368 

 

cembAJ282 

 

AT1G16470 20S proteasome subunit PAB1 
(PAB1) 

cytosol, cytosolic ribosome, 
endopeptidase activity, fruit, metabolic 
process, peptidase activity, proteasome 
complex, proteasome core complex, 
response to zinc ion, seed, seedling 
development stage, 

JK757286 cembAJ200 AT1G18700 DNAJ heat shock N-terminal 
domain-containing protein 

endoplasmic reticulum, heat shock protein 
binding, protein folding 

JK757733 

 

cembAJ647 

 

AT2G01950 leucine rich repeat receptor 
kinase (BRI1-LIKE 2) 

ATP binding, auxin mediated signaling 
pathway, brassinosteroid mediated 
signaling pathway, identical protein 
binding, leaf vascular tissue pattern 
formation, phloem transportprotein 
phosphorylation, protein serine/threonine 
kinase activity, transmembrane receptor 
protein tyrosine kinase signaling pathway, 
xylem and phloem pattern formation 

JK757644 

 

cembAJ558 

 

AT2G13790 Somatic Embryogenesis 
Receptor-like Kinase 4 
(SERK4) 

brassinosteroid mediated signaling 
pathway, cell death, endomembrane 
system, leaf senescence, plasma 
membrane, protein kinase activity, protein 
phosphorylation, receptor serine/threonine 
kinase binding 

JK757399 

 

cembAJ313 

 

AT3G06620 PAS domain-containing 
protein 

DNA-dependent, kinase activity, 
phosphorylation, protein phosphorylation, 
protein serine/threonine/tyrosine kinase 
activity, regulation of transcription, signal 
transduction 

JK757326 

 

cembAJ240 

 

AT3G10330 Cyclin-like family protein DNA-dependent, cytoplasm, nucleus, 
regulation of transcription, regulation of 
transcription, DNA-dependent, 
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transcription initiation, translation 
initiation factor activity, 

JK757395 cembAJ309 AT3G29160 SNF1-related protein kinase cultured plant cell, protein 
autophosphorylation, protein binding, 
protein kinase activity. 

JK757787 

 

cembAJ701 

 

AT4G14110 Constitutive 
Photomorphogenic COP9 
signalosome complex 

cullin deneddylation, 
metalloendopeptidase activity, nucleus, 
photomorphogenesis, protein binding, 
protein deneddylation, response to 
jasmonic acid stimulus, response to light 
stimulus 

JK757664 

 

cembAJ578 

 

AT4G18640 HAIR 1 root hair elongation 
during tip growth 

ATP binding, protein kinase activity, 
protein phosphorylation, protein 
serine/threonine kinase activity, root hair 
cell differentiation, transmembrane 
receptor protein tyrosine kinase signaling 
pathway 

JK757494 

 

cembAJ408 AT4G30340 Diacylglycerol Kinase 7 
(DAGK 7) 

activation of protein kinase C activity by 
G-protein coupled receptor protein 
signaling pathway, diacylglycerol kinase 
activity, leaf development, 
phosphorylation, plasma membrane, root 
development 

JK757203 

 

cembAJ117 AT5G07340 Calreticulin (CRT) family 
protein 

calcium ion binding, chloroplast, 
endoplasmic reticulum, membrane, plant 
callus, protein folding, seedling 
development stage, unfolded protein 
binding, vacuolar membrane, vascular leaf 

JK757385 

 

cembAJ299 AT5G12480 calmodulin-domain protein 
kinase (CPK7) 

ATP binding, N-terminal protein 
myristoylation, calcium ion binding, 
calmodulin-dependent protein kinase 
activity, protein phosphorylation, protein 
serine/threonine kinase activity 

JK757425 

 

cembAJ339 

 

AT5G20290 Ribosomal protein S8e family 
protein 

maturation of SSU-rRNA from tricistronic 
rRNA transcript membrane, nucleolus, 
plasma membrane, plasmodesma, 
ribosome, ribosome biogenesis, seedling 
development stage, 

JK757384 

 

cembAJ298 

 

AT5G66750 SWI2/SNF2 chromatin 
remodeling proteins 

ATP catabolic process, ATP-dependent 
DNA helicase activity, ATPase activity, 
DNA mediated transformation, RNA-
mediated, helicase activity, maintenance 
of chromatin silencing, metabolic process, 
methylation-dependent chromatin 
silencing, negative regulation of histone 
H4 acetylation, nucleosome, positive 
regulation of histone H3-K9 methylation, 
protein binding, regulation of gene 
expression by genetic imprinting, 
transposition, transposition, RNA-
mediated 
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Developmental processes 
JK757456 

 

cembAJ370 

 

AT1G01010 NAC domain containing 
protein 1 (NAC 1) 

DNA-dependent, multicellular organismal 
developmentregulation of transcription, 
DNA-dependent, sequence-specific DNA 
binding transcription factor activity 

JK757504 cembAJ418 AT1G14830 Dynamin-like protein GTP binding, GTP catabolic process, 
GTPase activity, cell cortex, cell plate, 
cytoplasm, membrane, mitochondrial 
fission, mitochondrion organization, 

JK757518 cembAJ432 AT1G20450 Early responsive to 
dehydration 10 (ERD 10) 

regulation of seed germination, response 
to abscisic acid stimulus, response to cold, 
response to stress, response to water, 
response to water deprivation 

JK757633 cembAJ547 AT1G20900 AT-Hook Motif Nuclear-
Localized Protein 27 

AT DNA binding, chromatin 
organization, double-stranded DNA 
binding, leaf senescence, nucleus, 
photomorphogenesis 

JK757166 

 

cembAJ080 

 

AT1G32560 Late Embryogenesis Abundant 
(LEA) proteins 

embryo development ending in seed 
dormancy, molecular function unknown, 
plasmodesma, response to osmotic stress, 
response to water deprivation, seed 
development 

JK757561 cembAJ475 AT1G58210 EMBRYO DEFECTIVE 1674 embryo development ending in seed 
dormancy, 

JK757392 

 

cembAJ306 

 

AT1G69780 Homeodomain leucine zipper 
class I (HD-Zip I) protein 

DNA binding, DNA-dependent, cotyledon 
morphogenesis, leaf morphogenesis, 
nucleus, regulation of transcription, 
regulation of transcription, DNA-
dependent, response to sucrose stimulus, 

JK757202 

 

cembAJ116 

 

AT1G70730 Phosphoglucomutase (PGM) carbohydrate metabolic process, cellular 
calcium ion homeostasis, chloroplast 
stroma, cytosol, cytosolic part, detection 
of gravity, fruit, galactose catabolic 
process, gametophyte development, 
glucose 1-phosphate metabolic process, 
nucleus, phosphoglucomutase activity, 
plasma membrane, response to cadmium 
ion, seed, seedling development stage, 

JK757751 

 

cembAJ665 

 

AT1G77850 AUXIN RESPONSE 
FACTOR 17 (ARF 17) 

DNA-dependent, adventitious root 
development, anatomical structure 
morphogenesis, auxin mediated signaling 
pathway, nucleus, regulation of 
transcription,  DNA-dependent, sequence-
specific DNA binding transcription factor 
activity 

JK757683 cembAJ597 AT1G79840 GLABRA 2 epidermal cell fate specification, negative 
regulation of trichoblast fate specification, 
nucleus, regulation of transcription, 

JK757759 cembAJ673 AT2G01735 RING (Really interesting new 
gene) -H2 zinc finger protein 

embryo development, zinc ion binding 
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JK757733 

 

cembAJ647 

 

AT2G01950 Brassinosteriods LIKE 2 
(BRI1) 

ATP binding, auxin mediated signaling 
pathway, brassinosteroid mediated 
signaling pathway, cellular component 
unknown, identical protein binding, leaf 
vascular tissue pattern formation, phloem 
transport, protein binding, protein 
phosphorylation, protein serine/threonine 
kinase activity, transmembrane receptor 
protein tyrosine kinase signaling pathway, 
xylem and phloem pattern formation 

JK757647 cembAJ561 AT2G02480 STICHEL ATP binding, DNA binding, DNA-
directed DNA polymerase activity, 
metabolic process, plasma membrane, 
trichome branching, trichome 
differentiation 

JK757372 

 

cembAJ286 

 

AT2G17820 Histidine Kinase 1 histidine phosphotransfer kinase activity, 
membrane, osmosensor activity, 
phosphorylation, protein binding, 
response to osmotic stress, response to 
water deprivation, seed maturation, signal 
transduction 

JK757547 cembAJ461 

 

AT2G20300 ABNORMAL LEAF SHAPE 
2 (ALE2) 

cuticle development, kinase activity, 
organ formation, phosphorylation, plasma 
membrane, protein autophosphorylation, 
protein serine/threonine kinase activity, 
protoderm histogenesis, shoot 
development 

JK757183 cembAJ097 AT2G37260 ATWRKY44 DNA-dependent, epidermal cell fate 
specification, regulation of transcription, 
regulation of transcription, DNA-
dependent, seed coat development, 

JK757432 

 

cembAJ346 

 

AT3G01090 SNF1-related protein kinase abscisic acid mediated signaling pathway, 
detection of nutrient, developmental 
process involved in reproduction, nuclear 
ubiquitin ligase complex, organ 
senescence, primary root development, 
protein binding, protein kinase activity, 
protein phosphorylation, response to 
stress 

JK757170 

 

cembAJ084 

 

AT3G24140 helix-loop-helix transcription 
factor 

DNA binding, DNA-dependent, guard cell 
differentiation, negative regulation of cell 
division, nucleus, positive regulation of 
cell differentiation, positive regulation of 
transcription,  

JK757181 

 

cembAJ095 

 

AT3G54810 GATA type zinc finger domain DNA-dependent, circadian rhythm, 
regulation of transcription, DNA-
dependent, seed germination, sequence-
specific DNA binding transcription factor 
activity 

JK757507 cembAJ421 AT4G33460 Embryo Defective 2751 chloroplast envelope, embryo 
development ending in seed dormancy, 
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transport, transporter activity 
JK757722 

 

cembAJ636 

 

AT5G10140 MADS-box protein DNA-dependent, negative regulation of 
flower development, protein complex, 
regulation of circadian rhythm, regulation 
of transcription, regulation of 
transcription, response to temperature 
stimulus, sequence-specific DNA binding 
transcription factor activity, vernalization 
response 

JK757738 

 

cembAJ652 

 

AT5G10720 HISTIDINE KINASE 5 cellular response to hydrogen peroxide, 
cellular response to molecule of bacterial 
origin, cellular response to nitric oxide, 
cytokinin mediated signaling pathway, 
cytoplasm, negative regulation of abscisic 
acid mediated signaling pathway, negative 
regulation of ethylene mediated signaling 
pathway, plasma membrane, protein 
histidine kinase activity, protein 
phosphorylation, regulation of stomatal 
closure, root development, 

JK757511 

 

cembAJ425 

 

AT5G37770 CALMODULIN-LIKE 24 
 

actin cytoskeleton, calcium ion binding, 
calcium-mediated signaling, flowering, 
innate immune response, intracellular, 
long-day photoperiodism, long-day 
photoperiodism, flowering, plasma 
membrane, regulation of flower 
development, regulation of nitric oxide 
metabolic process, response to abscisic 
acid stimulus, response to absence of 
light, response to auxin stimulus, response 
to cold, response to heat, response to 
hydrogen peroxide, response to 
mechanical stimulus, 

JK757555 

 

cembAJ469 

 

AT5G41990 Embryonic flower Interacting 
Protein 1(EMF1) 

flowering, kinase activity, nucleus, 
phosphorylation,photoperiodism, 
photoperiodism, flowering, positive 
regulation of flower development, protein 
autophosphorylation, protein kinase 
activity, vegetative to reproductive phase 
transition of meristem 

JK757721 

 

cembAJ635 

 

AT5G60970 Teosinte Branched 1, 
Cycloidea and PCF 
Transcription Factor 5 

DNA-dependent, cell differentiation, 
cellular component unknown, 
heterochronic, leaf development, leaf 
morphogenesis, positive regulation of 
development, positive regulation of 
development, heterochronic, regulation of 
transcription, sequence-specific DNA 
binding transcription factor activity 

Transport 
JK757267 cembAJ181 AT1G07670 ENDOMEMBRANE-TYPE 

CA-ATPASE 4 
ATP biosynthetic process, ATP catabolic 
process, calcium ion transmembrane 
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  transport, alcium-transporting ATPase 
activity, cation transport, cultured plant 
cell, endoplasmic reticulum, metabolic 
process,  

JK757710 

 

cembAJ624 

 

AT1G08920 ERD (Early Response 
Dehydration) SIX-LIKE 1 

carbohydrate transmembrane transport, 
carbohydrate transmembrane transporter 
activity, ion transmembrane transport, 
plant-type vacuole membrane, proton 
transport, response to abscisic acid 
stimulus, response to salt stress, response 
to water deprivation, sugar:hydrogen 
symporter activity 

JK757308 

 

cembAJ222 

 

AT1G15210 ATP-BINDING CASSETTE 
G35(ATP BC-G35) 

ATP catabolic process, ATPase activity, 
ATPase activity, coupled to 
transmembrane movement of substances, 
chloroplast, coupled to transmembrane 
movement of substances, drug 
transmembrane transport, membrane, 
plant callus, plasma membrane, vascular 
leaf 

JK757680 

 

cembAJ594 

 

AT1G17120 CATIONIC AMINO ACID 
TRANSPORTER 8 

amino acid transmembrane transport, 
cation transport, cationic amino acid 
transmembrane transporter activity, 
intracellular membrane-bounded 
organelle, ion transmembrane transport, 
plasma membrane, 

JK757557 

 

cembAJ471 

 

AT1G59870 Arabidopsis Pleiotropic Drug 
Resistance 8 

ATP catabolic process, ATPase activity, 
coupled to transmembrane movement of 
substances, cadmium ion transmembrane 
transport , cellular response to 
indolebutyric acid stimulus, chloroplast, 
chloroplast envelope, coupled to 
transmembrane movement of substances, 
defense response by callose deposition in 
cell wall, defense response to bacterium, 
defense response to fungus, defense 
response to fungus, incompatible 
interaction, drug transmembrane 
transport, incompatible interaction, indole 
glucosinolate catabolic process, 
membrane, mitochondrion, negative 
regulation of defense response, plant 
callus, plasma membrane, response to 
abscisic acid stimulus 

JK757777 

 

cembAJ691 

 

AT1G77210 SUGAR TRANSPORT 
PROTEIN 14 

carbohydrate transmembrane transport, 
carbohydrate transmembrane transporter 
activity, galactose transmembrane 
transporter activity, hexose 
transmembrane transport, ion 
transmembrane transport, membrane, 
plasma membrane, proton transport, 
sugar:hydrogen symporter activity  
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JK757733 

 

cembAJ647 

 

AT2G01950 VASCULAR HIGHWAY 1 ATP binding, auxin mediated signaling 
pathway, brassinosteroid mediated 
signaling pathway, identical protein 
binding, leaf vascular tissue pattern 
formation, phloem transport, protein 
binding, protein phosphorylation, protein 
serine/threonine kinase activity, 
transmembrane receptor protein tyrosine 
kinase signaling pathway, xylem and 
phloem pattern formation 

JK757466 cembAJ380 AT2G21050 Like Auxin Resistant 2 amino acid transmembrane transport, 
amino acid transmembrane transporter 
activity, membrane, response to 
nematode, root cap development, 
transporter activity 

JK757136 

 

cembAJ050 

 

AT2G36070 TRANSLOCASE INNER 
MEMBRANE SUBUNIT 44-2 

ATP catabolic process, mitochondrial 
inner membrane, mitochondrial inner 
membrane presequence translocase 
complex, mitochondrion, protein targeting 
to mitochondrion, protein-transmembrane 
transporting ATPase activity, 
transmembrane transport 

JK757612 

 

cembAJ526 

 

AT2G39480 ATP-Binding Cassette B6 ATP catabolic process, ATPase activity, 
ATPase activity, coupled to 
transmembrane movement of substances, 
acropetal auxin transport, auxin efflux, 
basipetal auxin transport, plasma 
membrane, plasmodesma, transmembrane 
transport 

JK757351 

 

cembAJ265 

 

AT3G05420 ACYL-COA BINDING 
PROTEIN 4 

cytoplasm, cytosol, fatty-acyl-CoA 
binding, lipid transport, nucleus, protein 
binding, response to ethylene stimulus, 
response to jasmonic acid stimulus, 
response to light stimulus 

JK757604 cembAJ518 AT3G15340 Proton Pump Interactor 2 regulation of proton transport  

JK757666 cembAJ580 AT3G53980 Bifunctional inhibitor/lipid-
transfer protein 

endomembrane system, lipid binding, 
lipid transport 

JK757540 cembAJ454 AT4G01470 TONOPLAST INTRINSIC 
PROTEIN 1;3 

transmembrane transport, transport, urea 
transmembrane transporter activity, urea 
transport, water channel activity, water 
transport 

JK757346 cembAJ260 AT4G05110 Equilibrative Nucleoside 
Transporter 6 

nucleoside transmembrane transporter 
activity, plasma membrane, 
transmembrane transport, transport 

JK757495 

 

cembAJ409 

 

AT5G22910 Arabidopsis Thaliana 
CATION/H+ EXCHANGER 9 

cation transport, ion transmembrane 
transport, monovalent cation:hydrogen 
antiporter activity, proton transport, 
sodium ion export, sodium:hydrogen 
antiporter activity 
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JK757726 

 

cembAJ640 

 

AT5G20020 RAS-RELATED GTP-
BINDING NUCLEAR 
PROTEIN 2 

GTP binding, GTP catabolic process, 
GTPase activity, cotyledon, cytoplasm, 
cytosol, intracellular, nucleolus, nucleus, 
protein binding, protein import into 
nucleus, response to cadmium ion, 
seedling development stage 

Transcription  
JK757272 

 

cembAJ186 

 

AT1G03770 Arabidopsis Thaliana RING 
1B 

DNA-dependent, PRC1 complex, cell fate 
determination, epigenetic, maintenance of 
floral meristem identity, aintenance of 
shoot apical meristem identity, negative 
regulation of gene expression, epigenetic, 
negative regulation of transcription, 
DNA-dependent, nucleus, zinc ion 
binding 

JK757603 cembAJ517 AT1G09250 Basic Helix-Loop-Helix 
(bHLH) 

DNA-dependent, chloroplast, nucleus, 
regulation of transcription, DNA-
dependent, sequence-specific DNA 
binding transcription factor activity 

JK757663 

 

cembAJ577 

 

AT1G27730 Salt Tolerance Zinc Finger DNA-dependent, multi-cellular organism 
growth, negative regulation of 
transcription, negative regulation of 
transcription, nucleic acid binding, 
nucleus, photoprotection, photosynthesis, 
regulation of transcription, response to 
abscisic acid stimulus, response to chitin, 
response to cold, response to high light 
intensity, response to oxidative stress, 
response to salt stress, response to water 
deprivation, response to wounding, 
sequence-specific DNA binding, 
sequence-specific DNA binding 
transcription factor activity, 

JK757392 

 

cembAJ306 

 

AT1G69780 Homeodomain leucine zipper 
class I (HD-Zip I) protein 

DNA binding, DNA-dependent, cotyledon 
morphogenesis, leaf morphogenesis, 
nucleus, regulation of transcription, DNA-
dependent, response to sucrose stimulus, 
sequence-specific DNA binding, 
sequence-specific DNA binding 
transcription factor activity 

JK757683 

 

cembAJ597 

 

AT1G79840 GLABRA 2 DNA binding, DNA-dependent, 
epidermal cell fate specification, negative 
regulation of trichoblast fate specification, 
nucleus, regulation of transcription, 
regulation of transcription, DNA-
dependent, sequence-specific DNA 
binding transcription factor activity 

JK757114 

 

cembAJ028 

 

AT2G04880 Zinc-Dependent Activator 
Protein-1 

DNA-dependent, positive regulation of 
transcription, DNA-dependent, DNA-
dependent, salicylic acid mediated 
signaling pathway, sequence-specific 

http://www.arabidopsis.org/servlets/TairObject?id=131051&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=28897&type=locus
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DNA binding transcription factor activity, 
zinc ion binding 

JK757785 

 

cembAJ699 

 

AT2G25900 A. Thaliana Tandem Zinc 
Finger Protein 1 

DNA binding, DNA-dependent, RNA 
binding, cytoplasm, regulation of 
transcription, DNA-dependent, sequence-
specific DNA binding transcription factor 
activity 

JK757183 

 

cembAJ097 

 

AT2G37260 TRANSPARENT TESTA 
GLABRA 2 

DNA-dependent, epidermal cell fate 
specification, regulation of transcription, 
DNA-dependent, seed coat development, 
sequence-specific DNA binding 
transcription factor activity 

JK757566 cembAJ480 AT3G11200 ALFIN-LIKE 2 DNA binding, DNA-dependent, cytosol, 
methylated histone residue binding, 
nucleus, regulation of transcription,  
DNA-dependent 

JK757170 

 

cembAJ084 

 

AT3G24140 FAMA DNA binding, DNA-dependent, guard cell 
differentiation, negative regulation of cell 
division, nucleus, positive regulation of 
cell differentiation, positive regulation of 
transcription, DNA-dependent, regulation 
of transcription, DNA-dependent, 
sequence-specific DNA binding 
transcription factor activity 

JK757682 

 

cembAJ596 

 

AT3G27810 Arabidopsis Thaliana MYB 
DOMAIN PROTEIN 3 

DNA binding, DNA-dependent, 
gibberellic acid mediated signaling 
pathway, jasmonic acid mediated 
signaling pathway, regulation of 
transcription, DNA-dependentsequence-
specific DNA binding transcription factor 
activity, stamen development, stamen 
filament development 

JK757701 cembAJ615 AT3G45610 DOF (DNA binding with one 
finger) Transcription Factor 6 

DNA binding, DNA-dependent, 
regulation of transcription, DNA-
dependent, sequence-specific DNA 
binding transcription factor activity 

JK757477 

 

cembAJ391 

 

AT4G34000 Abscisic Acid Responsive 
Elements-Binding Factor 3 

DNA binding, DNA-dependent, abscisic 
acid mediated signaling pathway, positive 
regulation of transcription, positive 
regulation of transcription, DNA-
dependent, protein binding, regulation of 
transcription, DNA-dependent, response 
to abscisic acid stimulus, response to salt 
stress, response to stress, response to 
water deprivation, sequence-specific DNA 
binding transcription factor activity 

JK757435 

 

cembAJ349 

 

AT5G02840 LHY/CCA1-LIKE 1 DNA binding, DNA-dependent, circadian 
rhythm, nucleus, regulation of 
transcription, DNA-dependent, response 
to abscisic acid stimulus, response to 
auxin stimulus, response to cadmium ion, 

http://www.arabidopsis.org/servlets/TairObject?id=32091&type=locus
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response to ethylene stimulus, response to 
gibberellin stimulus, response to jasmonic 
acid stimulus, response to salicylic acid 
stimulus, response to salt stress, sequence-
specific DNA binding transcription factor 
activity 

JK757162 cembAJ076 AT5G40360 MYB DOMAIN PROTEIN 
115 

DNA binding, DNA-dependent, 
regulation of transcription, DNA-
dependent, sequence-specific DNA 
binding transcription factor activity 

JK757750 

 

cembAJ664 

 

AT5G65050 AGAMOUS-LIKE 31 DNA-dependent, negative regulation of 
flower development, negative regulation 
of vernalization response, nucleus, 
regulation of transcription, DNA-
dependent, sequence-specific DNA 
binding transcription factor activity, 
vernalization response 

JK757384 

 

cembAJ298 

 

AT5G66750 CHROMATIN 
REMODELING 1 

ATP catabolic process, ATP-dependent 
DNA helicase activity, ATPase activity, 
DNA mediated transformation, RNA-
mediated, helicase activity, maintenance 
of chromatin silencing, metabolic process, 
methylation-dependent chromatin 
silencing, negative regulation of histone 
H4 acetylation, nucleosome, positive 
regulation of histone H3-K9 methylation, 
protein binding, regulation of DNA 
methylation, regulation of gene 
expression by genetic imprinting, 
transposition, RNA-mediated  

Signal Transduction 
JK757675 

 

cembAJ589 

 

AT1G06390 GSK3/shaggy-like protein 
kinase 

brassinosteroid mediated signaling 
pathway, cultured plant cell, cytosol, 
hyperosmotic salinity response, kinase 
activity, phosphorylation, plasma 
membrane, protein autophosphorylation, 
protein serine/threonine kinase activity, 
regulation of protein localization 

JK757751 

 

cembAJ665 

 

AT1G77850 AUXIN RESPONSE 
FACTOR 17 

DNA-dependent, adventitious root 
development, anatomical structure 
morphogenesis, auxin mediated signaling 
pathway, nucleus, pollen development, 
regulation of transcription, regulation of 
transcription, DNA-dependent, sequence-
specific DNA binding transcription factor 
activity 

JK757114 

 

cembAJ028 

 

AT2G04880 Zinc-Dependent Activator 
Protein-1 

DNA-dependent, positive regulation of 
transcription, regulation of transcription, 
salicylic acid mediated signaling pathway, 
sequence-specific DNA binding 
transcription factor activity, zinc ion 

http://www.arabidopsis.org/servlets/TairObject?id=134150&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=135154&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=137331&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=29808&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=32343&type=locus
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binding 
JK757612 

 

cembAJ526 

 

AT2G39480 ATP-BINDING CASSETTE 
B6 

ATP catabolic process, ATPase activity, 
coupled to transmembrane movement of 
substances, acropetal auxin transport, 
auxin efflux, basipetal auxin transport, 
coupled to transmembrane movement of 
substances, integral to membrane, 
nucleus, plasma membrane, plasmodesma, 
transmembrane transport 

JK757636 

 

cembAJ550 

 

AT3G05800 ATBS1(ACTIVATION-
TAGGED BRI1 
SUPPRESSOR 1)-
INTERACTING FACTOR 1 

DNA-dependent, brassinosteroid 
mediated signaling pathway, nucleus, 
regulation of transcription, DNA-
dependent, sequence-specific DNA 
binding transcription factor activity 

JK757717 cembAJ631 AT3G25010 Receptor Like Protein 41 defense response, endomembrane system, 
kinase activity, phosphorylation, signal 
transduction 

JK757682 

 

cembAJ596 

 

AT3G27810 Arabidopsis Thaliana MYB 
DOMAIN PROTEIN 3 

DNA binding, DNA-dependent, 
gibberellic acid mediated signaling 
pathway, jasmonic acid mediated 
signaling pathway, regulation of 
transcription, DNA-dependent, response 
to jasmonic acid stimulus, sequence-
specific DNA binding transcription factor 
activity, stamen development, stamen 
filament development 

JK757194 

 

cembAJ108 

 

AT3G56070 ROTAMASE CYCLOPHILIN 
2 
 

cyclosporin A binding, cytosol, peptidyl-
prolyl cis-trans isomerase activity, protein 
binding, protein folding, protein peptidyl-
prolyl isomerization, response to 
cadmium ion, signal transduction 

JK757580 

 

cembAJ494 

 

AT3G56860 UBP1 (RNA binding protein)-
Associated Protein 2A 

AU-rich element binding, RNA binding, 
abscisic acid mediated signaling pathway, 
cell death, cytosol, defense response, 
ethylene biosynthetic process, leaf 
senescence, mRNA stabilization, nucleus, 
protein binding 

JK757174 

 

cembAJ088 

 

AT4G02570 AUXIN RESISTANT 6 SCF complex assembly, cell cycle, 
condensed nuclear chromosome, 
cytoplasm, cytosol, embryo development 
ending in seed dormancy, jasmonic acid 
mediated signaling pathway, nucleus, 
phragmoplast, protein binding, regulation 
of circadian rhythm, response to auxin 
stimulus, response to jasmonic acid 
stimulus, spindle, ubiquitin ligase 
complex 

JK757664 

 

cembAJ578 

 

AT4G18640 MORPHOGENESIS OF 
ROOT HAIR 1 

ATP binding, protein kinase activity, 
protein phosphorylation, protein 
serine/threonine kinase activity, root hair 
cell differentiation, transmembrane 

http://www.arabidopsis.org/servlets/TairObject?id=31438&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=35618&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=37820&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=38209&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=36335&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=40714&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=129133&type=locus
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receptor protein tyrosine kinase signaling 
pathway 

JK757502 

 

cembAJ416 

 

AT4G29130 Arabidopsis Thaliana 
HEXOKINASE 1 

ATP binding, carbohydrate 
phosphorylation, cultured plant cell, 
fructokinase activity, glucokinase activity, 
glucose 6-phosphate metabolic process, 
glucose mediated signaling pathway, 
hexokinase activity, hexose catabolic 
process, membrane, mitochondrion, 
nucleus, plant callus, plastid, programmed 
cell death, protein binding, seedling 
development stage, sugar mediated 
signaling pathway 

JK757494 

 

cembAJ408 

 

AT4G30340 Diacylglycerol Kinase 7 activation of protein kinase C activity by 
G-protein coupled receptor protein 
signaling pathway, diacylglycerol kinase 
activity, leaf development, 
phosphorylation, plasma membrane, root 
development 

JK757477 

 

cembAJ391 

 

AT4G34000 Abscisic Acid Responsive 
Elements-Binding Factor 3 

DNA binding, DNA-dependent, abscisic 
acid mediated signaling pathway, cultured 
plant cell, positive regulation of 
transcription, protein binding, response to 
abscisic acid stimulus, response to salt 
stress, response to stress, response to 
water deprivation, sequence-specific DNA 
binding transcription factor activity 

JK757508 

 

cembAJ422 

 

AT5G01810 CBL (Calcineurin B like)-
INTERACTING PROTEIN 
KINASE 15 

abscisic acid mediated signaling pathway, 
kinase activity, negative regulation of 
abscisic acid mediated signaling pathway, 
phosphorylation, protein binding, protein 
kinase activity, protein phosphorylation 

JK757511 

 

cembAJ425 

 

AT5G37770 CALMODULIN-LIKE 24 actin cytoskeleton, calcium ion binding, 
calcium-mediated signaling, flowering, 
innate immune response, intracellular, 
long-day photoperiodism, long-day 
photoperiodism, flowering, plasma 
membrane, regulation of flower 
development, regulation of nitric oxide 
metabolic process, response to abscisic 
acid stimulus, response to absence of 
light, response to auxin stimulus, response 
to cold, response to heat, response to 
hydrogen peroxide, response to 
mechanical stimulus, 

Cell organization & biogenesis 
JK757504 

 

cembAJ418 

 

AT1G14830 Arabidopsis DYNAMIN-LIKE 
PROTEIN 5 

GTP binding, GTP catabolic process, 
GTPase activity, cell cortex, cell plate, 
cytoplasm, membrane, mitochondrial 
fission, mitochondrion organization, plant 
callus, plasma membrane, plasmodesma, 

http://www.arabidopsis.org/servlets/TairObject?id=127303&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=127134&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=127162&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=135601&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=26618&type=locus
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pollen maturation 
JK757616 cembAJ530 AT1G14900 HIGH MOBILITY GROUP A DNA binding, DNA-dependent, cytosol, 

nuclear chromatin, nucleosome assembly, 
nucleus, regulation of transcription,  

JK757633 cembAJ547 AT1G20900 AT-HOOK MOTIF 
NUCLEAR-LOCALIZED 
PROTEIN 27 

AT DNA binding, chromatin 
organization, double-stranded DNA 
binding, leaf senescence, nucleus, 
photomorphogenesis 

JK757703 

 

cembAJ617 

 

AT1G79750 Arabidopsis Thaliana NADP-
MALIC ENZYME 4 

NAD or NADP as acceptor, acting on 
NADH or NADPH, chloroplast, cobalt 
ion binding, embryo development ending 
in seed dormancy, fatty acid biosynthetic 
process, malate dehydrogenase 
(oxaloacetate-decarboxylating) (NADP+) 
activity, malate metabolic process, malic 
enzyme activity, oxidation-reduction 
process, oxidoreductase activity, 
oxidoreductase activity, acting on NADH 
or NADPH, NAD or NADP as acceptor, 
protein homodimerization activity, protein 
homo-tetramerization, seed germination, 
zinc ion binding 

JK757329 

 

cembAJ243 

 

AT2G19520 MULTICOPY SUPPRESSOR 
OF IRA1 4 (MSI I-4) 

CUL4 RING ubiquitin ligase complex, 
cytoplasm, cytosol, flower development, 
leaf morphogenesis, metal ion binding, 
nucleolus, nucleus, trichome 
morphogenesis, unidimensional cell 
growth 

JK757778 

 

cembAJ692 

 

AT2G19760 PROFILIN 1 actin binding, actin cytoskeleton, actin 
polymerization or depolymerization, cell 
wall, cultured plant cell, cytoplasm, 
cytoskeleton organization, cytosol, 
nucleolus, nucleus, phragmoplast, plasma 
membrane, plasmodesma, seedling 
development stage, spindle, 
unidimensional cell growth 

JK757184 

 

cembAJ098 

 

AT3G19820 ENHANCED VERY-LOW-
FLUENCE RESPONSES 
(EVLFR) 1 

brassinosteroid biosynthetic process, 
calmodulin binding, catalytic activity, 
cultured plant cell, integral to membrane, 
lignin metabolic process, membrane, plant 
callus, plasma membrane, response to 
light stimulus, secondary cell wall 
biogenesis, seedling development stage, 
steroid biosynthetic process, 
unidimensional cell growth, vacuolar 
membrane, vacuole, vascular leaf 

JK757689 cembAJ603 AT3G26900 SHIKIMATE KINASE-LIKE 
1 

aromatic amino acid family biosynthetic 
process, chloroplast, chloroplast 
organization, chloroplast stroma, 
thylakoid membrane organization, 

http://www.arabidopsis.org/servlets/TairObject?id=26635&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=31080&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=28306&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=33019&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=33293&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=38765&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=38087&type=locus
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JK757174 

 

cembAJ088 

 

AT4G02570 AUXIN RESISTANT 6 SCF complex assembly, cell cycle, 
condensed nuclear chromosome, 
cytoplasm, cytosol, embryo development 
ending in seed dormancy, jasmonic acid 
mediated signaling pathway, nucleus, 
phragmoplast, protein binding, regulation 
of circadian rhythm, response to auxin 
stimulus, response to jasmonic acid 
stimulus, spindle, ubiquitin ligase 
complex 

JK757725 

 

cembAJ639 

 

AT4G13510 AMMONIUM 
TRANSPORTER 1:1 

ammonium transmembrane transport, 
ammonium transmembrane transporter 
activity, lateral root formation, membrane, 
nucleus, plasma membrane, plasmodesma, 
protein polymerization, response to 
abscisic acid stimulus, response to 
karrikin, transport 

JK757311 cembAJ225 AT4G17030 ATHEXP BETA 3.1 endomembrane system, extracellular 
region, plant-type cell wall loosening, 
sexual reproduction, unidimensional cell 
growth 

JK757096 

 

cembAJ010 

 

AT5G18570 CHLOROPLASTIC SAR1 
(Systemic acquired resistance)  

GTP catabolic process, GTPase activity, 
chloroplast, chloroplast inner membrane, 
chloroplast stroma, cultured plant cell, 
embryo development, embryo 
development ending in seed dormancy, 
response to light stimulus, thylakoid 
membrane organization 

JK757716 

 

cembAJ630 

 

AT5G40820 ATAXIA 
TELANGIECTASIA-
MUTATED (ATM) and RAD3 

DNA repair, alcohol group as acceptor, 
binding, meiosis, metabolic process, 
multicellular organism reproduction, 
phosphorylation, phosphotransferase 
activity, plasmodesma, protein 
phosphorylation, protein serine/threonine 
kinase activity, regulation of chromosome 
organization, regulation of telomere 
maintenance, response to aluminum ion, 
response to gamma radiation, telomere 
maintenance in response to DNA damage, 
telomere maintenance via telomerase 

Unknown biological processes 
JK757552 cembAJ466 AT1G02990 CW-type Zinc Finger biological process unknown 

JK757484 cembAJ398 AT1G32430 F-box and associated 
interaction domains 

biological process unknown 

JK757187 cembAJ101 AT1G34220 Regulator of Vps4 (vacuolar 
protein sorting) activity 

biological process unknown 

JK757628 cembAJ542 AT1G34750 Protein phosphatase 2C family 
protein 

biological process unknown 

JK757741 cembAJ655 AT1G52050 Mannose-binding lectin super 
family protein 

biological process unknown 

http://www.arabidopsis.org/servlets/TairObject?id=129133&type=locus
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JK757088 cembAJ002 AT1G52530 Hus1-like protein biological process unknown 

JK757101 cembAJ015 AT1G55680 Transducin/WD40 repeat-like 
super family protein 

biological process unknown 

JK757625 cembAJ539 AT1G63630 Tetratricopeptide repeat 
(TPR)-like super family 
protein 

biological process unknown 

JK757451 cembAJ365 AT1G67460 Minichromosome maintenance 
(MCM2/3/5) family protein 

biological process unknown 

JK757630 cembAJ544 AT1G73630 EF hand calcium-binding 
protein family 

biological process unknown 

JK757190 cembAJ104 AT1G78260 RNA-binding 
(RRM/RBD/RNP motifs) 
family protein 

biological process unknown 

JK757776 cembAJ690 AT2G25590 Plant Tudor-like protein biological process unknown 

JK757674 cembAJ588 AT2G29190 Arabidopsis Pumilio (APUM) 
proteins 

biological process unknown 

JK757182 cembAJ096 AT3G03790 Ankyrin repeat family protein biological process unknown 

JK757568 cembAJ482 AT3G07230 wound-responsive protein biological process unknown 

JK757289 cembAJ203 AT3G15460 Ribosomal RNA processing 
Brix domain protein 

biological process unknown 

JK757219 cembAJ133 AT3G31402 General transcription factor 2-
related zinc finger protein 
(ZnF2) 

biological process unknown 

JK757253 cembAJ167 AT3G49470 nascent polypeptide-associated 
complex subunit α-like protein 
2 (NAC- α like protein)  

biological process unknown 

JK757103 cembAJ017 AT3G50620 P-loop containing nucleoside 
triphosphate hydrolases super 
family protein 

biological process unknown 

JK757609 cembAJ523 AT4G00005 PRA1 (Prenylated rab 
acceptor) family protein 

biological process unknown 

JK757521 cembAJ435 AT4G30770 Putative membrane lipoprotein biological process unknown 

JK757263 cembAJ177 AT4G30990 ARM repeat super family 
protein 

biological process unknown 

JK757479 cembAJ393 AT4G39570 Galactose oxidase/kelch repeat 
super family protein 

biological process unknown 

JK757180 cembAJ094 AT5G07240 IQ-domain 24 biological process unknown 

JK757761 cembAJ675 AT5G09820 Plastid-lipid associated protein 
PAP / fibrillin family protein 

biological process unknown 

JK757474 cembAJ388 AT5G33406 HAT dimerization domain-
containing protein 

biological process unknown 

JK757650 cembAJ564 AT5G50450 HCP-like super family protein 
with MYND-type zinc finger 

biological process unknown 

JK757696 cembAJ610 AT5G64130 cAMP-regulated 
phosphoprotein 19-related 

biological process unknown 
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protein 
JK757720 cembAJ634 AT5G33300 chromosome-associated 

kinesin-related protein 
biological process unknown 

Molecular functions (Kinase activity) 
JK757130 cembAJ044 AT1G09600 Protein kinase super family 

protein 
ATP binding, N-terminal protein 
myristoylation, kinase activity, 
phosphorylation, protein phosphorylation, 
protein serine/threonine kinase activity 

JK757467 

 

cembAJ381 

 

AT1G61430 S-locus lectin protein kinase 
family protein 

ATP binding, carbohydrate binding, 
endomembrane system, kinase activity, 
phosphorylation, protein kinase activity, 
protein serine/threonine kinase activity, 
recognition of pollen, sugar binding 

JK757733 

 

cembAJ647 

 

AT2G01950 Leucine rich repeat receptor 
kinase (LRRK) 

ATP binding, auxin mediated signaling 
pathway, brassinosteroid mediated 
signaling pathway, identical protein 
binding, leaf vascular tissue pattern 
formation, phloem transport, protein 
phosphorylation, protein serine/threonine 
kinase activity, transmembrane receptor 
protein serine/threonine kinase activity, 
xylem and phloem pattern formation 

JK757644 

 

cembAJ558 

 

AT2G13790 Somatic embryogenesis 
receptor-like kinase 4 
(SERK4) 

brassinosteroid mediated signaling 
pathway, cell death, endomembrane 
system, leaf senescence, plasma 
membrane, protein kinase activity, protein 
phosphorylation, receptor serine/threonine 
kinase binding, response to chitin, 
transmembrane receptor protein 
serine/threonine kinase activity 

JK757372 

 

cembAJ286 

 

AT2G17820 Histidine kinase family. histidine phosphor transfer kinase activity, 
membrane, osmosensor activity, 
phosphorylation, protein binding, protein 
phosphorylation, response to osmotic 
stress, response to water deprivation, seed 
maturation, signal transduction 

JK757547 

 

cembAJ461 

 

AT2G20300 ABNORMAL LEAF SHAPE 
2 (ALE2), a receptor-like 
protein kinase (RLK) 

cuticle development, kinase activity, 
organ formation, phosphorylation, plasma 
membrane, protein autophosphorylation, 
protein serine/threonine kinase activity, 
protoderm histogenesis, shoot 
development 

JK757432 

 

cembAJ346 

 

AT3G01090 SNF1-related protein kinase abscisic acid mediated signaling pathway, 
cultured plant cell, detection of nutrient, 
developmental process involved in 
reproduction, nuclear ubiquitin ligase 
complex, organ senescence, primary root 
development, protein binding, protein 
kinase activity, protein phosphorylation, 
protein serine/threonine kinase activity, 
response to stress, sugar mediated 
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signaling pathway, vegetative phase 
change 

JK757502 

 

cembAJ416 

 

AT4G29130 Hexokinase (HXK1) ATP binding, carbohydrate 
phosphorylation, cultured plant cell, 
fructokinase activity, glucose 6-phosphate 
metabolic process, glucose mediated 
signaling pathway, hexokinase activity, 
hexose catabolic process, membrane, 
mitochondrion, nucleus, plant callus, 
plastid, programmed cell death, protein 
binding, seedling development stage, 
sugar mediated signaling pathway, 
vacuolar membrane, vacuole, vascular 
leaf, zinc ion binding,  

JK757494 

 

cembAJ408 

 

AT4G30340 Diacylglycerol Kinase 7 activation of protein kinase C activity by 
G-protein coupled receptor protein 
signaling pathway, diacylglycerol kinase 
activity, leaf development, 
phosphorylation, plasma membrane, root 
development 

JK757738 

 

cembAJ652 

 

AT5G10720 Histidine Kinase cellular response to hydrogen peroxide, 
cellular response to molecule of bacterial 
origin, cellular response to nitric oxide, 
cytokinin mediated signaling pathway, 
cytoplasm, negative regulation of abscisic 
acid mediated signaling pathway, negative 
regulation of ethylene mediated signaling 
pathway, plasma membrane, protein 
histidine kinase activity, protein 
phosphorylation, regulation of stomatal 
closure, root development, vacuole 

JK757555 

 

cembAJ469 

 

AT5G41990 EMF1-INTERACTING 
PROTEIN 1 

flowering, kinase activity, nucleus, 
phosphorylation,photoperiodism, 
photoperiodism, flowering, positive 
regulation of flower development, protein 
autophosphorylation, protein kinase 
activity, protein phosphorylation, 
vegetative to reproductive phase transition 
of meristem 

JK757464 

 

cembAJ378 

 

AT5G02290 NAK (Novel Arabidopsis 
protein kinase group) 

ATP binding, N-terminal protein 
myristoylation, kinase activity, 
phosphorylation, plasma membrane, 
protein kinase activity, protein 
phosphorylation, protein serine/threonine 
kinase activity 

Transferase activity 
JK757310 cembAJ224 AT1G63050 MBOAT (membrane bound O-

acyl transferase) family protein 
transferase activity, transferase activity, 
transferring acyl groups, transferring acyl 
groups 

JK757733 cembAJ647 AT2G01950 VASCULAR HIGHWAY 1 ATP binding, auxin mediated signaling 
pathway, brassinosteroid mediated 
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  signaling pathway, identical protein 
binding, leaf vascular tissue pattern 
formation, phloem transport, protein 
binding, protein phosphorylation, 
transmembrane receptor protein 
serine/threonine kinase activity, 
transmembrane receptor protein tyrosine 
kinase signaling pathway, xylem and 
phloem pattern formation 

JK757207 cembAJ121 AT2G05940 RPM1-INDUCED PROTEIN 
KINASE 

defense response to bacterium, kinase 
activity, phosphorylation, protein 
serine/threonine kinase activity 

JK757644 

 

cembAJ558 

 

AT2G13790 BAK1 (Brassinosteroids 
associated receptor kinase) -
LIKE 1 

brassinosteroid mediated signaling 
pathway, cell death, endomembrane 
system, leaf senescence, plasma 
membrane, protein kinase activity, protein 
phosphorylation, receptor serine/threonine 
kinase binding, response to chitin,  

JK757372 

 

cembAJ286 

 

AT2G17820 HISTIDINE KINASE 1 histidine phosphotransfer kinase activity, 
membrane, osmosensor activity, 
phosphorylation, protein binding, protein 
histidine kinase activityresponse to 
osmotic stress, response to water 
deprivation, seed maturation, signal 
transduction 

JK757169 

 

cembAJ083 

 

AT2G30860 GLUTATHIONE S-
TRANSFERASE 

chloroplast, chloroplast stroma, copper 
ion binding, cotyledon, cultured plant cell, 
cytoplasm, cytosol, defense response, 
defense response to bacterium, fruit, 
glutathione binding, glutathione 
peroxidase activity, glutathione 
transferase activity, juvenile vascular leaf, 
metabolic process, oxidation-reduction 
process, plant callus, plasma membrane, 
plasmodesma, response to cadmium ion, 
response to zinc ion, root, seedling 
development stage,  

JK757664 

 

cembAJ578 

 

AT4G18640 MORPHOGENESIS OF 
ROOT HAIR 1 

ATP binding, protein kinase activity, 
protein phosphorylation, protein 
serine/threonine kinase activity, root hair 
cell differentiation,  

JK757508 

 

cembAJ422 

 

AT5G01810 PROTEIN KINASE 10 abscisic acid mediated signaling pathway, 
kinase activity, negative regulation of 
abscisic acid mediated signaling pathway, 
phosphorylation, protein binding, protein 
kinase activity, protein phosphorylation 

JK757738 

 

cembAJ652 

 

AT5G10720 CYTOKININ 
INDEPENDENT 2 

cellular response to hydrogen peroxide, 
cellular response to molecule of bacterial 
origin, cellular response to nitric oxide, 
cytokinin mediated signaling pathway, 
cytoplasm, negative regulation of abscisic 
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acid mediated signaling pathway, plasma 
membrane, protein histidine kinase 
activity, protein phosphorylation, 
regulation of stomatal closure, root 
development, vacuole 

JK757555 

 

cembAJ469 

 

AT5G41990 Emf1-interacting protein 1 
With no Lysine (k) kinase 8 

 

flowering, kinase activity, nucleus, 
phosphorylation, photoperiodism, 
flowering, positive regulation of flower 
development, protein kinase activity, 
protein phosphorylation, vegetative to 
reproductive phase transition of meristem 

JK757209 

 

cembAJ123 

 

AT5G50370 Adenylate kinase family 
protein 

adenylate kinase activity, anaerobic 
respiration, copper ion binding, cultured 
plant cell, mitochondrion, nucleobase-
containing compound metabolic process, 
nucleotide metabolic process, nucleotide 
phosphorylation, plant callus, vacuolar 
membrane 

JK757544 cembAJ458 AT5G57500 Galactosyltransferase family 
protein 

endomembrane system, membrane, 
metabolic process, protein glycosylation, 
transferase activity, transferring glycosyl 
groups,  

JK757716 

 

cembAJ630 

 

AT5G40820 Arabidopsis Thaliana 
ATAXIA 
TELANGIECTASIA-
MUTATED and RAD3-related 

DNA repair, alcohol group as acceptor, 
binding, meiosis, metabolic process, 
multicellular organism reproduction, 
phosphorylation, phosphotransferase 
activity, plasmodesma, protein 
serine/threonine kinase activity, regulation 
of chromosome organization, regulation 
of telomere maintenance, response to 
aluminum ion, response to gamma 
radiation, telomere maintenance in 
response to DNA damage, telomere 
maintenance via telomerase 

     
Hydrolase activity 
JK757368 

 

cembAJ282 

 

AT1G16470 Proteasome Subunit (PAB1) cytosolic ribosome, endopeptidase 
activity, fruit, metabolic process, 
peptidase activity, proteasome complex, 
proteasome core complex, response to 
zinc ion, seed, seedling development 
stage, threonine-type endopeptidase 
activity, ubiquitin-dependent protein 
catabolic process, vascular leaf 

JK757436 

 

cembAJ350 

 

AT1G53750 Regulatory Particle Triple-A 
1A 

ATP catabolic process, ATPase activity, 
base subcomplex, cytosol, nucleus, 
plasma membrane, proteasome complex, 
proteasome regulatory particle, ubiquitin-
dependent protein catabolic process 

JK757490 cembAJ404 AT2G22570 A. Thaliana 
NICOTINAMIDASE 1 

catalytic activity, metabolic process, 
nicotinamidase activity, pyridine 
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  nucleotide salvage, response to abscisic 
acid stimulus 

JK757485 

 

cembAJ399 

 

AT2G29080 FTSH PROTEASE 3 ATP catabolic process, ATP-dependent 
peptidase activity, ATPase activity, 
chloroplast thylakoid membrane, 
mitochondrion, plant callus, protein 
catabolic process 

JK757397 

 

cembAJ311 

 

AT2G35340 MATERNAL EFFECT 
EMBRYO ARREST 29 

ATP binding, ATP catabolic process, 
ATP-dependent RNA helicase activity, 
embryo development ending in seed 
dormancy, endomembrane system, 
helicase activity, metabolic process, 
nucleic acid binding 

JK757612 

 

cembAJ526 

 

AT2G39480 ATP-BINDING CASSETTE 
B6 

ATP catabolic process, ATPase activity, 
coupled to transmembrane movement of 
substances, acropetal auxin transport, 
auxin efflux, basipetal auxin transport, 
coupled to transmembrane movement of 
substances, cultured plant cell, integral to 
membrane, nucleus, plasma membrane, 
plasmodesma, transmembrane transport 

JK757654 

 

cembAJ568 

 

AT3G57520 SEED IMBIBITION 2 hydrolase activity, hydrolase activity, 
hydrolyzing O-glycosyl compounds, 
hydrolyzing O-glycosyl compounds, 
metabolic process, plasmodesma, 
raffinose catabolic process, response to 
karrikin, response to oxidative stress, 

JK757747 

 

cembAJ661 

 

AT3G62700 ATP-BINDING CASSETTE 
C14 

ATP catabolic process, ATPase activity, 
ATPase activity, coupled to 
transmembrane movement of substances, 
coupled to transmembrane movement of 
substances, transmembrane transport, 
transport, vacuolar membrane, vacuole 

JK757757 cembAJ671 AT4G16630 DEA(D/H)-box RNA helicase 
family protein 

ATP binding, ATP catabolic process, 
ATP-dependent helicase activityhelicase 
activity, metabolic process, nucleic acid 
binding 

JK757651 cembAJ565 AT4G36195 Serine carboxypeptidase S28 
family protein 

cultured plant cell, cytosol, plant-type cell 
wall, proteolysis, serine-type peptidase 
activity, stem, vacuolar membrane, 
vacuole 

JK757099 

 

cembAJ013 

 

AT5G11170 DEAD/DEAH Box RNA 
helicase family protein 

ATP binding, ATP catabolic process, 
ATP-dependent helicase activity, cultured 
plant cell, cytosol, helicase activity, 
metabolic process, nucleic acid binding, 
nucleolus, plasmodesma, response to 
cadmium ion, root 

JK757096 

 

cembAJ010 

 

AT5G18570 EMBRYO DEFECTIVE 269 GTP catabolic process, GTPase activity, 
chloroplast inner membrane, chloroplast 
stroma, cultured plant cell, embryo 
development ending in seed dormancy, 
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response to light stimulus, thylakoid 
membrane organization 

JK757726 

 

cembAJ640 

 

AT5G20020 RAS-RELATED GTP-
BINDING NUCLEAR 
PROTEIN 2 

GTP binding, GTP catabolic process, 
GTPase activity, cotyledon, cytoplasm, 
cytosol, intracellular, nucleolus, nucleus, 
protein binding, protein import into 
nucleus, response to cadmium ion, 
seedling development stage 

JK757189 

 

cembAJ103 

 

AT5G51630 Disease resistance protein 
(TIR-NBS-LRR class) family 

ATP binding, defense response, 
endomembrane system, innate immune 
response, intrinsic to membrane, 
metabolic process, nucleoside-
triphosphatase activity, nucleotide 
binding, signal transduction, 
transmembrane signaling receptor activity 

JK757384 

 

cembAJ298 

 

AT5G66750 CHROMATIN 
REMODELING 1 

ATP catabolic process, ATP-dependent 
DNA helicase activity, ATPase activity, 
DNA mediated transformation, RNA-
mediated, helicase activity, maintenance 
of chromatin silencing, metabolic process, 
methylation-dependent chromatin 
silencing, negative regulation of histone 
H4 acetylation, nucleosome, positive 
regulation of histone H3-K9 methylation, 
protein binding, regulation of gene 
expression by genetic imprinting, 
transposition, transposition, RNA-
mediated 

Transcription factor activity 
JK757448 

 

cembAJ362 

 

AT1G04100 INDOLEACETIC ACID-
INDUCED PROTEIN 10 

DNA-dependent, nucleus, regulation of 
transcription, DNA-dependent, response 
to auxin stimulus, response to chitin, 
sequence-specific DNA binding 
transcription factor activity 

JK757663 

 

cembAJ577 

 

AT1G27730 SALT TOLERANCE ZINC 
FINGER 

DNA-dependent, multicellular organism 
growth, negative regulation of 
transcription, negative regulation of 
transcription, DNA-dependent, nucleic 
acid binding, nucleus, photoprotection, 
photosynthesis, regulation of 
transcription, regulation of transcription, 
DNA-dependent, response to abscisic acid 
stimulus, response to chitin, response to 
cold, response to high light intensity, 
response to oxidative stress, response to 
salt stress, response to water deprivation, 
response to wounding, sequence-specific 
DNA binding, sequence-specific DNA 
binding transcription factor activity, zinc 
ion binding 
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JK757392 

 

cembAJ306 

 

AT1G69780 ATHB13 DNA binding, DNA-dependent, cotyledon 
morphogenesis, leaf morphogenesis, 
nucleus, regulation of transcription, DNA-
dependent, response to sucrose stimulus 

JK757683 

 

cembAJ597 

 

AT1G79840 GLABRA 2 DNA binding, DNA-dependent, 
epidermal cell fate specification, negative 
regulation of trichoblast fate specification, 
nucleus, regulation of transcription, DNA-
dependent, sequence-specific DNA 
binding transcription factor activity 

JK757114 

 

cembAJ028 

 

AT2G04880 ZINC-DEPENDENT 
ACTIVATOR PROTEIN-1 

DNA-dependent, positive regulation of 
transcription, positive regulation of 
transcription, DNA-dependent, regulation 
of transcription, DNA-dependent, 
salicylic acid mediated signaling pathway, 
sequence-specific DNA binding 
transcription factor activity, zinc ion 
binding 

JK757183 

 

cembAJ097 

 

AT2G37260 TRANSPARENT TESTA 
GLABRA 2 

DNA-dependent, epidermal cell fate 
specification, regulation of transcription, 
regulation of transcription, DNA-
dependent, seed coat development, 
sequence-specific DNA binding 
transcription factor activity 

JK757170 

 

cembAJ084 

 

AT3G24140 FAMA DNA binding, DNA-dependent, guard cell 
differentiation, negative regulation of cell 
division, nucleus, positive regulation of 
cell differentiation, positive regulation of 
transcription, DNA-dependent, regulation 
of transcription, regulation of 
transcription, DNA-dependent, sequence-
specific DNA binding transcription factor 
activity 

JK757522 

 

cembAJ436 

 

AT3G45610 DOF Transcription Factor 6 DNA binding, DNA-dependent, 
regulation of transcription, regulation of 
transcription, DNA-dependent, sequence-
specific DNA binding transcription factor 
activity 

JK757181 

 

cembAJ095 

 

AT3G54810 GATA Transcription Factor 8 DNA-dependent, circadian rhythm, 
regulation of transcription, regulation of 
transcription, DNA-dependent, seed 
germination, sequence-specific DNA 
binding transcription factor activity 

JK757477 

 

cembAJ391 

 

AT4G34000 Abscisic Acid Responsive 
Elements-Binding Factor 3 

DNA binding, DNA-dependent, abscisic 
acid mediated signaling pathway, cultured 
plant cell, positive regulation of 
transcription, DNA-dependent, protein 
binding, regulation of transcription, DNA-
dependent, response to abscisic acid 
stimulus, response to salt stress, response 
to stress, response to water deprivation, 
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sequence-specific DNA binding 
transcription factor activity 

JK757483 

 

cembAJ397 

 

AT5G07690 MYB DOMAIN PROTEIN 29 DNA binding, DNA-dependent, cellular 
response to sulfur starvation, defense 
response to fungus, regulation of 
glucosinolate biosynthetic process, 
regulation of transcription, DNA-
dependent, response to gibberellin 
stimulus, response to jasmonic acid 
stimulus, response to salicylic acid 
stimulus, sequence-specific DNA binding 
transcription factor activity 

JK757147 

 

cembAJ061 

 

AT5G58080 RESPONSE REGULATOR 18 DNA-dependent, cytokinin mediated 
signaling pathway, intracellular, 
regulation of transcription, DNA-
dependent, sequence-specific DNA 
binding transcription factor activity, two-
component response regulator activity, 
two-component signal transduction 
system (phosphorelay) 

JK757362 

 

cembAJ276 

 

AT4G11080 3XHIGH MOBILITY 
GROUP-BOX1 

DNA-dependent, condensed chromosome, 
condensed nuclear chromosome, 
regulation of transcription, DNA-
dependent, sequence-specific DNA 
binding transcription factor activity 

JK757477 

 

cembAJ391 

 

AT4G34000 ABSCISIC ACID 
RESPONSIVE ELEMENTS-
BINDING FACTOR (ABREF) 
3 

DNA binding, DNA-dependent, abscisic 
acid mediated signaling pathway, cultured 
plant cell, positive regulation of 
transcription, DNA-dependent, protein 
binding, regulation of transcription, 
regulation of transcription, DNA-
dependent, response to abscisic acid 
stimulus, response to salt stress, response 
to stress, response to water deprivation, 
sequence-specific DNA binding 
transcription factor activity 

JK757686 

 

cembAJ600 

 

AT5G24800 Arabidopsis Thaliana BASIC 
LEUCINE ZIPPER 9 

DNA binding, DNA-dependent, nucleus, 
protein binding, protein 
heterodimerization activity, regulation of 
transcription, DNA-dependent, sequence-
specific DNA binding transcription factor 
activity 

JK757670 

 

cembAJ584 

 

AT5G49330 MYB DOMAIN PROTEIN 
111 

DNA binding, DNA-dependent, flavonol 
biosynthetic process, regulation of 
transcription, DNA-dependent, sequence-
specific DNA binding transcription factor 
activity 

JK757147 

 

cembAJ061 

 

AT5G58080 RESPONSE REGULATOR 18 DNA-dependent, cytokinin mediated 
signaling pathway, intracellular, 
regulation of transcription, DNA-
dependent, sequence-specific DNA 
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binding transcription factor activity, two-
component response regulator activity, 
two-component signal transduction 
system (phosphorelay) 

Nucleic acid binding 
JK757259 

 

cembAJ173 

 

AT1G30460 Arabidopsis Thaliana 
CLEAVAGE and 
POLYADENYLATION 
SPECIFICITY FACTOR 30 

RNA binding, RNA processing, 
calmodulin binding, endonuclease 
activity, mRNA cleavage and 
polyadenylation specificity factor 
complex, nucleic acid binding, nucleus, 
protein binding 

JK757190 cembAJ104 AT1G78260 RNA-binding 
(RRM/RBD/RNP motifs) 
family protein 

RNA binding, nucleic acid binding, 
nucleotide binding 

JK757574 cembAJ488 AT2G33730 P-loop containing nucleoside 
triphosphate hydrolases 
superfamily protein 

ATP binding, ATP catabolic process, 
ATP-dependent helicase activity, 
cytoplasm, helicase activity, metabolic 
process, nucleic acid binding, nucleus 

JK757269 cembAJ183 AT3G52120 SWAP (Suppressor-of-White-
APricot)/surp domain-
containing protein 

RNA binding, RNA processing, 
intracellular, nucleic acid binding 

JK757099 

 

cembAJ013 

 

AT5G11170 DEAD/DEAH box RNA 
helicase family protein 

ATP binding, ATP catabolic process, 
ATP-dependent helicase activity, cultured 
plant cell, cytosol, metabolic process, 
nucleic acid binding, nucleolus, 
plasmodesma, response to cadmium ion, 
root 

JK757142 

 

cembAJ056 

 

AT5G12440 CCCH-type zinc fingerfamily 
protein with RNA-binding 
domain 

nucleic acid binding, nucleotide binding, 
zinc ion binding 

Other enzyme activity 
JK757230 cembAJ144 AT1G13080 CYTOCHROME P450, 

FAMILY 71, SUBFAMILY B, 
POLYPEPTIDE 2 

electron carrier activity, heat acclimation, 
heme binding, iron ion binding, 
monooxygenase activity, oxidation-
reduction process, oxygen binding 

JK757363 cembAJ277 AT1G19550 Glutathione S-transferase 
family protein 

glutathione dehydrogenase (ascorbate) 
activity, oxidation-reduction process, 
vascular leaf 

JK757486 

 

cembAJ400 

 

AT1G20020 FERREDOXIN-NADP+-
OXIDOREDUCTASE(FNR) 2 

NADPH dehydrogenase activity, apoplast, 
chloroplast, chloroplast stroma, 
chloroplast thylakoid, chloroplast 
thylakoid membrane, cotyledon, cytosol, 
defense response to bacterium, defense 
response to fungus, incompatible 
interaction, fruit, incompatible interaction, 
juvenile vascular leaf, oxidation-reduction 
process, oxidoreductase activity, poly(U) 
RNA binding, seedling development 
stage,  

JK757390 cembAJ304 AT1G55370 NDH (NADPH 
dehydrogenase)-Dependent 

carbohydrate binding, catalytic activity, 
chloroplast, membrane, metabolic 
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  Cyclic Electron Flow (CEF) 5  process, photosynthetic electron transport 
in photosystem I, positive regulation of 
gene expression, rosette leaf 

JK757202 

 

cembAJ116 

 

AT1G70730 PHOSPHOGLUCOMUTASE 
2 
 

carbohydrate metabolic process, cellular 
calcium ion homeostasis, chloroplast 
stroma, cytosol, cytosolic part, detection 
of gravity, fruit, galactose catabolic 
process, gametophyte development, 
glucose 1-phosphate metabolic process, 
nucleus, phosphoglucomutase activity, 
plasma membrane, response to cadmium 
ion, seed, seedling development stage,  

JK757703 

 

cembAJ617 

 

AT1G79750 Arabidopsis Thaliana NADP-
MALIC ENZYME 4 

NAD or NADP as acceptor, acting on 
NADH or NADPH, chloroplast, cobalt 
ion binding, embryo development ending 
in seed dormancy, fatty acid biosynthetic 
process, malate dehydrogenase 
(oxaloacetate-decarboxylating) (NADP+) 
activity, malate metabolic process, malic 
enzyme activity, oxidation-reduction 
process, oxidoreductase activity, 
oxidoreductase activity, acting on NADH 
or NADPH, NAD or NADP as acceptor, 
protein homodimerization activity, protein 
homotetramerization, seed germination, 
zinc ion binding 

JK757264 

 

cembAJ178 

 

AT2G15620 Arabidopsis Thaliana 
NITRITE REDUCTASE 

apoplast, chloroplast, chloroplast stroma, 
cultured plant cell, cytosol, ferredoxin-
nitrate reductase activity, membrane, 
mitochondrion, nitrite reductase (NO-
forming) activity, oxidation-reduction 
process, protein binding, response to 
nitrate, seedling development stage,  

JK757169 

 

cembAJ083 

 

AT2G30860 GLUTATHIONE S-
TRANSFERASE PHI 9 

apoplast, chloroplast, chloroplast stroma, 
copper ion binding, cotyledon, cultured 
plant cell, cytoplasm, cytosol, defense 
response, defense response to bacterium, 
fruit, glutathione binding, glutathione 
peroxidase activity, glutathione 
transferase activity, juvenile vascular leaf, 
metabolic process, oxidation-reduction 
process,plasma membrane, plasmodesma, 
response to cadmium ion, response to zinc 
ion, root, seedling development stage, 
thylakoid, toxin catabolic process, 

JK757739 cembAJ653 AT3G02570 PHOSPHOMANNOSE 
ISOMERASE 1 

carbohydrate metabolic process, embryo 
development ending in seed dormancy, 
mannose-6-phosphate isomerase activity, 
metabolic process 

JK757131 

 

cembAJ045 

 

AT3G06860 MULTIFUNCTIONAL 
PROTEIN 2 

3-hydroxyacyl-CoA dehydrogenase 
activity, cell wall, cytosol, enoyl-CoA 
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http://www.arabidopsis.org/servlets/TairObject?id=36047&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=36172&type=locus
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hydratase activity, fatty acid beta-
oxidation, long-chain-enoyl-CoA 
hydratase activity, metabolic process, 
nucleolus, oxidation-reduction process, 
peroxisome, plasmodesma 

JK757184 

 

cembAJ098 

 

AT3G19820 ENHANCED VERY-LOW-
FLUENCE RESPONSES 
(VLFR) 1 

brassinosteroid biosynthetic process, 
calmodulin binding, catalytic activity, 
cultured plant cell, integral to membrane, 
lignin metabolic process, membrane, plant 
callus, plasma membrane, response to 
light stimulus, secondary cell wall 
biogenesis, seedling development stage, 
steroid biosynthetic process, 
unidimensional cell growth, vacuolar 
membrane, vacuole, vascular leaf 

JK757330 

 

cembAJ244 

 

AT5G01720 RNI-like superfamily protein endomembrane system, protein 
ubiquitination, ubiquitin-dependent 
protein catabolic process, ubiquitin-
protein ligase activity 

JK757160 

 

cembAJ074 

 

AT5G05340 PEROXIDASE 52 apoplast, cell wall, cytosol, fruit, 
oxidation-reduction process, peroxidase 
activity, protein binding, response to 
oxidative stress 

JK757685 

 

cembAJ599 

 

AT5G21482 Arabidopsis Thaliana 
CYTOKININ OXIDASE 5 

cytokinin catabolic process, cytokinin 
dehydrogenase activity, oxidation-
reduction process, oxidoreductase activity 

JK757766 

 

cembAJ680 

 

AT5G42190 Arabidopsis SKP-LIKE 2 
 

SCF ubiquitin ligase complex, cytoplasm, 
embryo development ending in seed 
dormancy, protein binding, protein 
ubiquitination, ubiquitin-dependent 
protein catabolic process, ubiquitin-
protein ligase activity 

JK757206 

 

cembAJ120 

 

AT5G67340 ARM repeat superfamily 
protein 

binding, endomembrane system, protein 
ubiquitination, ubiquitin ligase complex, 
ubiquitin-protein ligase activity  

Unknown molecular functions 
JK757409 cembAJ323 AT1G02110 Protein of unknown function molecular function unknown 

JK757492 cembAJ406 AT1G12450 SNARE associated Golgi 
protein family 

molecular function unknown 

JK757784 cembAJ698 AT1G20580 Small nuclear 
ribonucleoprotein family 
protein 

molecular function unknown 

JK757484 cembAJ398 AT1G32430 F-box and associated 
interaction domains-containing 
protein 

molecular function unknown 

JK757187 cembAJ101 AT1G34220 Regulator of Vps4 activity in 
the MVB pathway protein 

molecular function unknown 

JK757285 cembAJ199 AT1G36050 Endoplasmic reticulum vesicle 
transporter protein 

molecular function unknown 

http://www.arabidopsis.org/servlets/TairObject?id=38765&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=131353&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=131847&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=1000429500&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=133551&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=132487&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=137758&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=30624&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=29964&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=30482&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=29267&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=30570&type=locus
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JK757741 cembAJ655 AT1G52050 Mannose-binding lectin 
superfamily protein 

molecular function unknown 

JK757088 cembAJ002 AT1G52530 Hus1-like protein molecular function unknown 

JK757692 cembAJ606 AT1G67790 unknown protein molecular function unknown 

JK757327 cembAJ241 AT1G71240 Plant protein of unknown 
function 

molecular function unknown 

JK757424 cembAJ338 AT2G02630 Cysteine/Histidine-rich C1 
domain family protein 

molecular function unknown 

JK757735 cembAJ649 AT2G40760 Rhodanese/Cell cycle control 
phosphatase superfamily 
protein 

molecular function unknown 

JK757438 cembAJ352 AT3G04130 Tetratricopeptide repeat 
(TPR)-like superfamily protein 

molecular function unknown 

JK757568 cembAJ482 AT3G07230 wound-responsive protein molecular function unknown 

JK757590 cembAJ504 AT3G22290 Endoplasmic reticulum vesicle 
transporter protein 

molecular function unknown 

JK757253 cembAJ167 AT3G49470 nascent polypeptide-associated 
complex subunit alpha-like 
protein 2 (NACA2) 

molecular function unknown 

JK757532 cembAJ446 AT3G43660 putative nodulin-like21 protein molecular function unknown 

JK757641 cembAJ555 AT4G01000 Ubiquitin-like superfamily 
protein 

molecular function unknown 

JK757678 cembAJ592 AT4G00005 PRA1 (Prenylated rab 
acceptor) family protein 

molecular function unknown 

JK757521 cembAJ435 AT4G30770 Putative membrane lipoprotein molecular function unknown 

JK757479 cembAJ393 

 

AT4G39570 Galactose oxidase/kelch repeat 
superfamily protein 

molecular function unknown 

JK757720 cembAJ634 AT5G33300 chromosome-associated 
kinesin 

molecular function unknown 

Cellular components (Nucleus) 
JK757272 

 

cembAJ186 

 

AT1G03770 ATRING1B DNA-dependent, PRC1 complex, cell fate 
determination, epigenetic, maintenance of 
floral meristem identity, maintenance of 
shoot apical meristem identity, negative 
regulation of gene expression, negative 
regulation of gene expression, epigenetic, 
negative negative regulation of 
transcription, DNA-dependent, nucleus, 
zinc ion binding 

JK757518 

 

cembAJ432 

 

AT1G20450 EARLY RESPONSIVE 
DEHYDRATION (ERD) 10 

actin binding, actin cytoskeleton, cold 
acclimation, cytoplasm, cytosol, 
membrane, nucleus, plasmodesma, protein 
binding, regulation of seed germination, 
response to abscisic acid stimulus, 
response to cold, response to stress, 
response to water, response to water 

http://www.arabidopsis.org/servlets/TairObject?id=30519&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=30701&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=26912&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=30236&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=35402&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=35324&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=40610&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=39815&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=37970&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=126566&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=36604&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=128043&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=1501130969&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=129063&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=127667&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=130834&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=28897&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=30576&type=locus
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deprivation 
JK757633 cembAJ547 AT1G20900 AT-HOOK MOTIF 

NUCLEAR-LOCALIZED 
PROTEIN 27 

AT DNA binding, chromatin 
organization, double- 
stranded DNA binding, leaf senescence, 
nucleus, photomorphogenesis 

JK757663 

 

cembAJ577 

 

AT1G27730 Cys2/His2 (C2H2)-type zinc-
finger proteins (ZFP) 

DNA-dependent, multicellular organism 
growth, negative regulation of 
transcription, negative regulation of 
transcription, DNA-dependent, nucleic 
acid binding, nucleus, photoprotection, 
photosynthesis, regulation of 
transcription, DNA-dependent, response 
to abscisic acid stimulus, response to 
chitin, response to cold, response to high 
light intensity, response to oxidative 
stress, response to salt stress, response to 
water deprivation, response to wounding, 
sequence-specific DNA binding, 
sequence-specific DNA binding 
transcription factor activity, zinc ion 
binding 

JK757431 cembAJ345 AT1G47230 CYCLIN A3;4 cyclin-dependent protein kinase regulator 
activity, nucleus, protein binding, 
regulation of catalytic activity, regulation 
of cell cycle, regulation of 
phosphorylation 

JK757313 

 

cembAJ227 

 

AT1G67430 Ribosomal protein L22p/L17e 
family protein 

cytosol, cytosolic large ribosomal subunit, 
cytosolic ribosome, membrane, nucleolus, 
plasmodesma, ribosome, structural 
constituent of ribosome, translation, 
vacuole, vascular leaf 

JK757736 cembAJ650 AT1G72320 Arabidopsis Pumilio (APUM) 
proteins 

RNA binding, auxin homeostasis, 
binding, nucleolus, response to glucose 
stimulus, response to sucrose stimulus 

JK757329 

 

cembAJ243 

 

AT2G19520 MULTICOPY SUPPRESSOR 
OF IRA1 4 

CUL4 RING ubiquitin ligase complex, 
cytoplasm, cytosol, flower development, 
leaf morphogenesis, metal ion binding, 
nucleolus, nucleus, trichome 
morphogenesis, unidimensional cell 
growth 

JK757536 

 

cembAJ450 

 

AT2G24260 LJRHL1-LIKE 1 
 

DNA binding, DNA-dependent, nucleus, 
regulation of transcription, regulation of 
transcription, DNA-dependent, root hair 
cell development, sequence-specific DNA 
binding transcription factor activity 

JK757186 cembAJ100 AT2G30520 ROOT PHOTOTROPISM 2 nucleus, phototropism, protein binding, 
signal transducer activity, signal 
transduction 

JK757566 

 

cembAJ480 

 

AT3G11200 ALFIN-LIKE 2 DNA binding, DNA-dependent, cytosol, 
methylated histone residue binding, 
nucleus, regulation of transcription, 

http://www.arabidopsis.org/servlets/TairObject?id=31080&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=136888&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=30985&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=136657&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=136206&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=33019&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=32758&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=35269&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=35649&type=locus
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regulation of transcription, DNA-
dependent 

JK757165 cembAJ079 AT3G48150 ANAPHASE-PROMOTING 
COMPLEX SUBUNIT 8 

anaphase-promoting complex, cell cycle, 
protein binding, regulation of defense 
response 

JK757661 

 

cembAJ575 

 

AT4G33260 CELL DIVISION CYCLE 
20.2 

heterotrimeric G-protein complex, mitotic 
checkpoint complex, nucleus, signal 
transducer activity, signal transduction 

JK757550 

 

cembAJ464 

 

AT4G37870 PHOSPHOENOLPYRUVATE 
CARBOXYKINASE 

ATP binding, cellular response to 
phosphate starvation, cultured plant cell, 
cytosol, defense response to fungus, 
defense response to fungus, incompatible 
interaction, gluconeogenesis, 
incompatible interaction, membrane, 
metabolic process, nucleolus, nucleus, 

JK757435 

 

cembAJ349 

 

AT5G02840 LHY/CCA1-LIKE 1 
 

DNA binding, DNA-dependent, circadian 
rhythm, nucleus, regulation of 
transcription, regulation of transcription, 
DNA-dependent, response to abscisic acid 
stimulus, response to auxin stimulus, 
response to cadmium ion, response to 
ethylene stimulus, response to gibberellin 
stimulus, response to jasmonic acid 
stimulus, response to salicylic acid 
stimulus, response to salt stress, sequence-
specific DNA binding transcription factor 
activity 

JK757099 

 

cembAJ013 

 

AT5G11170 DEAD/DEAH box RNA 
helicase family protein 

ATP binding, ATP catabolic process, 
ATP-dependent helicase activity, cultured 
plant cell, cytosol, helicase activity, 
metabolic process, nucleic acid binding, 
nucleolus, plasmodesma, response to 
cadmium ion, root 

JK757727 

 

cembAJ641 

 

AT5G20020 RAS-RELATED GTP-
BINDING NUCLEAR 
PROTEIN 2 

GTP binding, GTP catabolic process, 
GTPase activity, cotyledon, cultured plant 
cell, cytoplasm, cytosol, intracellular, 
nucleolus, nucleus, protein binding, 
protein import into nucleus, response to 
cadmium ion, seedling development stage 

JK757226 

 

cembAJ140 

 

AT5G59570 BROTHER OF LUX 
ARRHYTHMO 

DNA binding, DNA-dependent, circadian 
rhythm, nucleus, regulation of flower 
development, regulation of transcription, 
regulation of transcription, DNA-
dependent, sequence-specific DNA 
binding transcription factor activity 

JK757387 

 

cembAJ301 

 

AT5G11590 TINY2 DNA binding, DNA-dependent, nucleus, 
regulation of transcription, regulation of 
transcription, DNA-dependent, sequence-
specific DNA binding transcription factor 
activity 

Other membranes 

http://www.arabidopsis.org/servlets/TairObject?id=40157&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=127184&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=129812&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=131547&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=131095&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=131051&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=131156&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=130631&type=locus
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JK757308 

 

cembAJ222 

 

AT1G15210 ATP-BINDING CASSETTE 
G35 

ATP catabolic process, ATPase activity, 
ATPase activity, coupled to 
transmembrane movement of substances, 
chloroplast, coupled to transmembrane 
movement of substances, drug 
transmembrane transport, membrane, 
plant callus, plasma membrane, vascular 
leaf 

JK757390 

 

cembAJ304 

 

AT1G55370 NDH-Dependent Cyclic 
Electron Flow 5 

carbohydrate binding, catalytic activity, 
chloroplast, membrane, metabolic 
process, photosynthetic electron transport 
in photosystem I, positive regulation of 
gene expression, rosette leaf 

JK757551 cembAJ465 AT1G61270 Transmembrane amino acid 
transporter family protein 

amino acid transmembrane transport, 
amino acid transmembrane transporter 
activity, amino acid transport, membrane 

JK757777 

 

cembAJ691 

 

AT1G77210 SUGAR TRANSPORT 
PROTEIN 14 

carbohydrate transmembrane transport, 
galactose transmembrane transporter 
activity, hexose transmembrane transport, 
ion transmembrane transport, membrane, 
plasma membrane, proton transport, 
sugar:hydrogen symporter activity, 
transmembrane transport, transport 

JK757264 

 

cembAJ178 

 

AT2G15620 Arabidopsis Thaliana 
NITRITE REDUCTASE 

apoplast, chloroplast, chloroplast stroma, 
cultured plant cell, cytosol, ferredoxin-
nitrate reductase activity, membrane, 
mitochondrion, nitrite reductase (NO-
forming) activity, oxidation-reduction 
process, protein binding, response to 
nitrate, seedling development stage, 
vascular leaf 

JK757372 

 

cembAJ286 

 

AT2G17820 HISTIDINE KINASE 1 histidine phosphotransfer kinase activity, 
membrane, osmosensor activity, 
phosphorylation, protein binding, protein 
histidine kinase activity, response to 
osmotic stress, response to water 
deprivation, seed maturation, signal 
transduction 

JK757752 

 

cembAJ666 

 

AT2G34420 PHOTOSYSTEM II LIGHT 
HARVESTING COMPLEX 
GENE 1.5 

chlorophyll binding, chloroplast, 
chloroplast thylakoid, chloroplast 
thylakoid membrane, cotyledon, cultured 
plant cell, juvenile vascular leaf, light 
harvesting in photosystem II, light-
harvesting complex, membrane, 
photosynthesis, thylakoid, thylakoid 
membrane, vascular leaf 

JK757136 

 

cembAJ050 

 

AT2G36070 TRANSLOCASE INNER 
MEMBRANE SUBUNIT 44-2 

ATP catabolic process, mitochondrial 
inner membrane, mitochondrial inner 
membrane presequence translocase 
complex, mitochondrion, protein targeting 
to mitochondrion, protein-transmembrane 

http://www.arabidopsis.org/servlets/TairObject?id=31142&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=30790&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=26882&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=136428&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=33557&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=227211&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=31643&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=31345&type=locus
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transporting ATPase activity, 
transmembrane transport 

JK757154 

 

cembAJ068 

 

AT3G62700 ATP-BINDING CASSETTE 
C14 

ATP catabolic process, ATPase activity, 
ATPase activity, coupled to 
transmembrane movement of substances, 
plant-type vacuole, transmembrane 
transport, transport, vacuolar membrane 

JK757540 

 

cembAJ454 

 

AT4G01470 TONOPLAST INTRINSIC 
PROTEIN 1;3 

membrane, transmembrane transport, 
transport, urea transmembrane transport, 
urea transmembrane transporter activity, 
urea transport, water channel activity, 
water transport 

JK757222 

 

cembAJ136 

 

AT4G15230 ATP-BINDING CASSETTE 
G30 

ATP catabolic process, ATPase activity, 
ATPase activity, coupled to 
transmembrane movement of substances, 
coupled to transmembrane movement of 
substances, drug transmembrane 
transport, membrane, transport 

JK757096 

 

cembAJ010 

 

AT5G18570 CHLOROPLASTIC SAR1 GTP catabolic process, GTPase activity, 
chloroplast, chloroplast inner membrane, 
chloroplast stroma, cultured plant cell, 
embryo development, embryo 
development ending in seed dormancy, 
response to light stimulus, thylakoid 
membrane organization 

JK757318 

 

cembAJ232 

 

AT5G54250 CYCLIC NUCLEOTIDE-
GATED CATION CHANNEL 
4 

calmodulin binding, cation channel 
activity, cation transmembrane transporter 
activity, cation transport, cyclic nucleotide 
binding, ion transmembrane transport, 
membrane, plant-type hypersensitive 
response 

Plasma membrane 
JK757380 

 

cembAJ294 

 

AT1G07670 ENDOMEMBRANE-TYPE 
CA-ATPASE 4 

ATP biosynthetic process, ATP catabolic 
process, calcium ion transmembrane 
transport, calcium ion transport, calcium-
transporting ATPase activity, cation 
transport, cultured plant cell, endoplasmic 
reticulum, metabolic process, plant callus, 
plasma membrane 

JK757273 

 

cembAJ187 

 

AT1G56330 Arabidopsis Thaliana 
SECRETION-ASSOCIATED 
RAS 1B 

ER to Golgi vesicle-mediated transport, 
GTP binding, cotyledon, cultured plant 
cell, cytosol, endoplasmic reticulum, 
intracellular, peripheral to membrane of 
membrane fraction, plasma membrane 

JK757644 

 

cembAJ558 

 

AT2G13790 BRI1- ASSOCIATED 
KINASE 7 

brassinosteroid mediated signaling 
pathway, cell death, endomembrane 
system, leaf senescence, plasma 
membrane, protein kinase activity, protein 
phosphorylation, receptor serine/threonine 
kinase binding, response to chitin,  

http://www.arabidopsis.org/servlets/TairObject?id=36888&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=126886&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=128747&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=135848&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=133128&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=29337&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=27448&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=31559&type=locus
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JK757169 

 

cembAJ083 

 

AT2G30860 GLUTATHIONE S-
TRANSFERASE PHI 9 

apoplast, chloroplast, chloroplast stroma, 
copper ion binding, cotyledon, cultured 
plant cell, cytoplasm, cytosol, defense 
response, defense response to bacterium, 
fruit, glutathione binding, glutathione 
peroxidase activity, glutathione 
transferase activity, juvenile vascular leaf, 
metabolic process, oxidation-reduction 
process, plasma membrane, plasmodesma, 
response to cadmium ion, response to zinc 
ion, root, seedling development stage, 
thylakoid, toxin catabolic process, 
vacuole, vascular leaf 

JK757346 

 

cembAJ260 

 

AT4G05110 EQUILIBRATIVE 
NUCLEOSIDE 
TRANSPORTER 6 

nucleoside transmembrane transporter 
activity, nucleoside transport, plasma 
membrane, transmembrane transport, 
transport 

JK757464 

 

cembAJ378 

 

AT5G02290 NAK ATP binding, N-terminal protein 
myristoylation, kinase activity, 
phosphorylation, plasma membrane, 
protein kinase activity, protein 
phosphorylation, protein serine/threonine 
kinase activity 

JK757738 

 

cembAJ652 

 

AT5G10720 CYTOKININ 
INDEPENDENT 2 
HISTIDINE KINASE 5 

 

cellular response to hydrogen peroxide, 
cellular response to molecule of bacterial 
origin, cellular response to nitric oxide, 
cytokinin mediated signaling pathway, 
cytoplasm, negative regulation of abscisic 
acid mediated signaling pathway, negative 
regulation of ethylene mediated signaling 
pathway, plasma membrane, protein 
histidine kinase activity, protein 
phosphorylation, regulation of stomatal 
closure, root development, vacuole 

JK757319 

 

cembAJ233 

 

AT5G55470 Arabidopsis Thaliana NA+/H+ 
(SODIUM HYDROGEN) 
EXCHANGER 3 

plasma membrane, potassium ion 
homeostasis, proton transport, sodium ion 
export, sodium ion transport, 
sodium:hydrogen antiporter activity 

Cytosol 
JK757376 cembAJ290 AT1G08780 ABI3-INTERACTING 

PROTEIN 3 
cytosol, protein binding, protein folding, 
unfolded protein binding 

JK757368 

 

cembAJ282 

 

AT1G16470 PROTEASOME SUBUNIT 
PAB1 

cytosol, cytosolic ribosome, 
endopeptidase activity, fruit, metabolic 
process, peptidase activity, proteasome 
complex, proteasome core complex, 
response to zinc ion, seed, seedling 
development stage, threonine-type 
endopeptidase activity, ubiquitin-
dependent protein catabolic process, 
vascular leaf 

http://www.arabidopsis.org/servlets/TairObject?id=33426&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=126714&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=135468&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=132687&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=134625&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=29177&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=30337&type=locus
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JK757273 

 

cembAJ187 

 

AT1G56330 Arabidopsis Thaliana 
SECRETION-ASSOCIATED 
RAS 1B 

ER to Golgi vesicle-mediated transport, 
GTP binding, cotyledon, cultured plant 
cell, cytosol, endoplasmic reticulum, 
intracellular, peripheral to membrane of 
membrane fraction, plasma membrane 

JK757778 

 

cembAJ692 

 

AT2G19760 PROFILIN 1 actin binding, actin cytoskeleton, actin 
polymerization or depolymerization, cell 
wall, cultured plant cell, cytoplasm, 
cytoskeleton organization, cytosol, 
nucleolus, nucleus, phragmoplast, plasma 
membrane, plasmodesma, seedling 
development stage, spindle, 
unidimensional cell growth 

JK757205 cembAJ119 AT2G46280 TGFβ RECEPTOR Interacting 
Protein 1 

CUL4 RING ubiquitin ligase complex, 
cultured plant cell, cytosol, nucleotide 
binding, protein binding, response to 
cadmium ion, response to salt stress, root 

JK757351 

 

cembAJ265 

 

AT3G05420 ACYL-COA Binding Protein 4 cytoplasm, cytosol, fatty-acyl-CoA 
binding, lipid transport, nucleus, protein 
binding, response to ethylene stimulus, 
response to jasmonic acid stimulus, 
response to light stimulus 

JK757566 

 

cembAJ480 

 

AT3G11200 ALFIN-LIKE 2 DNA binding, DNA-dependent, cytosol, 
methylated histone residue binding, 
nucleus, regulation of transcription, 
regulation of transcription, DNA-
dependent 

JK757194 

 

cembAJ108 

 

AT3G56070 ROTAMASE CYCLOPHILIN 
2 

cultured plant cell, cyclosporin A binding, 
cytosol, peptidyl-prolyl cis-trans 
isomerase activity, protein binding, 
protein folding, protein peptidyl-prolyl 
isomerization, response to cadmium ion, 
signal transduction 

JK757580 

 

cembAJ494 

 

AT3G56860 UBP1-Associated Protein 2A AU-rich element binding, RNA binding, 
abscisic acid mediated signaling pathway, 
cell death, cultured plant cell, cytosol, 
defense response, ethylene biosynthetic 
process, leaf senescence, mRNA 
stabilization, nucleus, protein binding 

JK757174 

 

cembAJ088 

 

AT4G02570 AUXIN RESISTANT 6 SCF complex assembly, cell cycle, 
condensed nuclear chromosome, 
cytoplasm, cytosol, embryo development 
ending in seed dormancy, jasmonic acid 
mediated signaling pathway, nucleus, 
phragmoplast, protein binding, regulation 
of circadian rhythm, response to auxin 
stimulus, response to jasmonic acid 
stimulus, spindle, ubiquitin ligase 
complex 

JK757160 cembAJ074 AT5G05340 PEROXIDASE 52 apoplast, cell wall, cytosol, fruit, 
oxidation-reduction process, peroxidase 

http://www.arabidopsis.org/servlets/TairObject?id=27448&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=33293&type=locus
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activity, protein binding, response to 
oxidative stress 

JK757425 

 

cembAJ339 

 

AT5G20290 Ribosomal protein S8e family 
protein 

cytosol, cytosolic ribosome, cytosolic 
small ribosomal subunit, juvenile vascular 
leaf, maturation of SSU-rRNA from 
tricistronic rRNA transcript (SSU-rRNA, 
maturation of SSU-rRNA from tricistronic 
rRNA transcript, membrane, nucleolus, 
plant callus, plasma membrane, 
plasmodesma, ribosome, ribosome 
biogenesis, seedling development stage, 
structural constituent of ribosome, 
translation, translational elongation, 
vascular leaf 

Mitochondria 
  AT1G07940  GTP binding Elongation factor 

Tu family protein 
cytosol, juvenile vascular leaf, 
mitochondrion, plasma membrane, 
plasmodesma, seedling development 
stage, translation elongation factor 
activity, translational elongation, vascular 
leaf 

JK757264 

 

cembAJ178 

 

AT2G15620 Arabidopsis Thaliana 
NITRITE REDUCTASE 

apoplast, chloroplast, chloroplast stroma, 
cultured plant cell, cytosol, ferredoxin-
nitrate reductase activity, membrane, 
mitochondrion, nitrite reductase (NO-
forming) activity, oxidation-reduction 
process, protein binding, response to 
nitrate, seedling development stage, 
vascular leaf 

JK757136 

 

cembAJ050 

 

AT2G36070 TRANSLOCASE INNER 
MEMBRANE SUBUNIT 44-2 

ATP catabolic process, mitochondrial 
inner membrane, mitochondrial inner 
membrane presequence translocase 
complex, mitochondrion, protein targeting 
to mitochondrion, protein-transmembrane 
transporting ATPase activity, 
transmembrane transport 

JK757753 

 

cembAJ667 

 

AT2G43350 GLUTATHIONE 
PEROXIDASE 3 

abscisic acid mediated signaling pathway, 
cellular response to water deprivation, 
glutathione peroxidase activity, 
mitochondrion, oxidation-reduction 
process, response to hydrogen peroxide 

JK757762 

 

cembAJ676 

 

AT4G35260 ISOCITRATE 
DEHYDROGENASE 1 

isocitrate dehydrogenase (NAD+) activity, 
isocitrate metabolic process, metabolic 
process, mitochondrion, oxidation-
reduction process, tricarboxylic acid 
cycle, zinc ion binding 

JK757234 

 

cembAJ148 

 

AT5G08670 ATP binding, catalytic core 
F(1) 

chloroplast, cobalt ion binding, copper ion 
binding, cultured plant cell, cytosol, fruit, 
hydrogen ion transporting ATP synthase 
activity, rotational mechanism, ion 
transmembrane transport, juvenile 

http://www.arabidopsis.org/servlets/TairObject?id=131259&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=137683&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=33557&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=31345&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=34285&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=127613&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=500231902&type=locus
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vascular leaf, mitochondrial proton-
transporting ATP synthase complex, 
mitochondrial proton-transporting ATP 
synthase complex, catalytic core F(1), 
mitochondrial respiratory chain complex 
I, mitochondrion, plasma membrane, 
proton transport, response to oxidative 
stress, rotational mechanism, seed, 
seedling development stage, vacuolar 
membrane, vascular leaf, zinc ion binding 

JK757723 cembAJ637 AT5G61810 ATP/PHOSPHATE CARRIER 
1 

ATP transport, calcium ion binding, 
mitochondrial inner membrane, 
mitochondrion, transport 

Unknown cellular components 
JK757748 cembAJ662 AT1G28260 Telomerase activating protein cellular component unknown 

JK757242 cembAJ156 AT1G34355 PARALLEL SPINDLE 1 cellular component unknown 

JK757088 cembAJ002 AT1G52530 Hus1-like protein cellular component unknown 

JK757490 cembAJ404 AT2G22570 A. Thaliana 
NICOTINAMIDASE 1 

cellular component unknown 

JK757438 cembAJ352 AT3G04130 Tetratricopeptide repeat 
(TPR)-like superfamily protein 

cellular component unknown 

JK757604 cembAJ518 AT3G15340 PROTON PUMP 
INTERACTOR 2 

cellular component unknown 

JK757103 cembAJ017 AT3G50620 P-loop containing nucleoside 
triphosphate hydrolases 

cellular component unknown 

JK757546 cembAJ460 AT3G61350 SKP1 INTERACTING 
PARTNER 4 

cellular component unknown 

JK757299 cembAJ213 AT4G12382 F-box family protein cellular component unknown 

JK757421 cembAJ335 AT5G07820 Plant calmodulin-binding 
protein-related 

cellular component unknown 

JK757728 cembAJ642 AT5G09540 DnaJ-domain superfamily 
protein 

cellular component unknown 

JK757685 cembAJ599 AT5G21482 CYTOKININ OXIDASE 5 cellular component unknown 

Golgi apparatus 
JK757553 cembAJ467 AT1G52360 Coatomer, beta' subunit COPI vesicle coat, cytosol, intracellular, 

intracellular protein transport, structural 
molecule activity, vesicle-mediated 
transport 

JK757413 

 

cembAJ327 

 

AT2G02860 Arabidopsis Thaliana 
SUCROSE TRANSPORTER 
3 

carbohydrate transmembrane transport, 
carbohydrate transmembrane, plasma 
membrane, pollen tube, proton transport, 
response to wounding, sucrose 
transmembrane transporter activity, 
sucrose transport, sucrose:hydrogen 
symporter activity, sugar:hydrogen 
symporter activity 

http://www.arabidopsis.org/servlets/TairObject?id=132608&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=30230&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=500231482&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=30701&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=31707&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=40610&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=37844&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=39855&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=39894&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=1501131033&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=130431&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=130678&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=1000429500&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=28367&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=34039&type=locus
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JK757160 

 

cembAJ074 

 

AT5G05340 PEROXIDASE 52 apoplast, cell wall, cytosol, fruit, 
oxidation-reduction process, peroxidase 
activity, protein binding, response to 
oxidative stress 

JK757727 

 

cembAJ641 

 

AT5G20020 RAS-RELATED GTP-
BINDING NUCLEAR 
PROTEIN 2 

GTP binding, GTP catabolic process, 
GTPase activity, cotyledon, cultured plant 
cell, cytoplasm, cytosol, intracellular, 
nucleolus, nucleus, protein binding, 
protein import into nucleus, response to 
cadmium ion, seedling development stage 

Other cellular components 
JK757711 

 

cembAJ625 

 

AT1G07940 GTP binding Elongation factor 
Tu family protein 

calmodulin binding, cytosol, juvenile 
vascular leaf, mitochondrion, plasma 
membrane, plasmodesma, seedling 
development stage, translation elongation 
factor activity, translational elongation, 
vascular leaf 

JK757657 cembAJ571 AT1G29830 Magnesium transporter CorA-
like family protein 

endomembrane system, ion 
transmembrane transport, membrane, 
metal ion transmembrane transporter 
activity, metal ion transport, 
transmembrane transport 

JK757741 cembAJ655 AT1G52050 Mannose-binding lectin 
superfamily protein 

biological process unknown, 
endomembrane system, molecular 
function unknown 

JK757273 

 

cembAJ187 

 

AT1G56330 GTP-binding protein ER to Golgi vesicle-mediated transport, 
GTP binding, cotyledon, cultured plant 
cell, cytosol, endoplasmic reticulum, 
intracellular, peripheral to membrane of 
membrane fraction, plasma membrane 

JK757467 

 

cembAJ381 

 

AT1G61430 S-locus lectin protein kinase 
family protein 

ATP binding, carbohydrate binding, 
endomembrane system, kinase activity, 
phosphorylation, protein kinase activity, 
protein serine/threonine kinase activity, 
recognition of pollen, sugar binding 

JK757310 

 

cembAJ224 

 

AT1G63050 MBOAT (membrane bound O-
acyl transferase) family protein 

biological process unknown, 
endomembrane system, membrane, 
metabolic process, plant callus, 
transferase activity, transferase activity, 
transferring acyl groups, transferring acyl 
groups 

JK757681 cembAJ595 AT1G73550 Encodes a Protease 
inhibitor/seed storage/LTP 
family protein 

endomembrane system, lipid binding, 
lipid transport 

JK757644 

 

cembAJ558 

 

AT2G13790 Plant basic secretory protein 
(BSP) family protein 

brassinosteroid mediated signaling 
pathway, cell death, endomembrane 
system, leaf senescence, plasma 
membrane, protein kinase activity, protein 
phosphorylation, response to chitin, 
transmembrane receptor protein 
serine/threonine kinase activity 

http://www.arabidopsis.org/servlets/TairObject?id=131847&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=131051&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=137683&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=28526&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=30519&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=27448&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=136676&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=27991&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=30687&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=31559&type=locus
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JK757632 

 

cembAJ546 

 

AT2G35000 E3 ligase-like protein defense response to fungus, 
endomembrane system, protein 
ubiquitination, response to chitin, 
ubiquitin-protein ligase activity, zinc ion 
binding 

JK757178 cembAJ092 AT2G43150 Proline-rich extensin-like 
family protein 

endomembrane system, plant-type cell 
wall organization, structural constituent of 
cell wall 

JK757214 

 

cembAJ128 

 

AT3G04720 PATHOGENESIS-RELATED 
4 

chitin binding, defense response to 
fungus, defense response to fungus, 
incompatible interaction, endomembrane 
system, protein binding, response to 
ethylene stimulus, response to herbivore, 
response to salt stress, response to virus, 
root, systemic acquired resistance 

JK757131 

 

cembAJ045 

 

AT3G06860 MULTIFUNCTIONAL 
PROTEIN 2 

3-hydroxyacyl-CoA dehydrogenase 
activity, cell wall, cytosol, enoyl-CoA 
hydratase activity, fatty acid beta-
oxidation, long-chain-enoyl-CoA 
hydratase activity, metabolic process, 
nucleolus, oxidation-reduction process, 
peroxisome, plasmodesma 

JK757627 cembAJ541 AT3G45330 Concanavalin A-like lectin 
protein kinase family protein 

cultured plant cell, endomembrane 
system, kinase activity, phosphorylation, 
protein phosphorylation 

JK757654 

 

cembAJ568 

 

AT3G57520 RAFFINOSE SYNTHASE 2 hydrolase activity, hydrolase activity, 
hydrolyzing O-glycosyl compounds, 
metabolic process, plasmodesma, 
raffinose catabolic process, response to 
karrikin, response to oxidative stress,  

JK757311 cembAJ225 AT4G17030 EXPANSIN-LIKE B1 
 

endomembrane system, extracellular 
region, plant-type cell wall loosening, 
sexual reproduction, unidimensional cell 
growth 

JK757099 

 

cembAJ013 

 

AT5G11170 DEAD/DEAH box RNA 
helicase family protein 

ATP binding, ATP catabolic process, 
ATP-dependent helicase activity,cytosol, 
helicase activity, metabolic process, 
nucleic acid binding, nucleolus, 
plasmodesma, response to cadmium ion, 
root 

JK757425 

 

cembAJ339 

 

AT5G20290 Ribosomal protein S8e family 
protein 

cell wall, chloroplast, cultured plant cell, 
cytosol, cytosolic ribosome, cytosolic 
small ribosomal subunit, juvenile vascular 
leaf, maturation of SSU-rRNA from 
tricistronic rRNA transcript  membrane, 
nucleolus, plant callus, plasma membrane, 
plasmodesma, ribosome, ribosome 
biogenesis, seedling development stage, 
structural constituent of ribosome, 
translation, translational elongation, 
vascular leaf 

http://www.arabidopsis.org/servlets/TairObject?id=32291&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=31666&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=37457&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=36172&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=36313&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=40679&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=128869&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=131095&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=131259&type=locus
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4.8  HOMOLOGY SEARCH 

Seven hundred eleven (711) sequences (ESTs) were subjected to homology search using BLASTN analyses 

against the non-redundant (nr)-database in NCBI GenBank. Twenty four percent (24% = 170 sequences) 

clones sequences (ESTs) didn't show significant homology (Figure 24). Twenty seven percent (27%= 195 

sequences) clones sequences with Gossypium species, eight percent (8% = 55 sequences) show significant 

homology with Populus trichochorpa sequences, six percent (6% = 46 sequences) showed significant 

homology with Oryza, five percent (5%= 34 sequences ) with Zea mays, four percent (4%= 30 sequences) with 

Glycine max, three percent (3%= 19 sequences each) with Medicago and Niocotiana species , two percent 

(2%= 15 sequences each) with Arabidopsis, Atriplex and Ricinus species, while fourteen percent (14% = 100 

sequences) have significant homology with other plant species (Figure 24). 

 

 

Figure 24. cDNA library sequences homology search result against non-redundant database 
(using BLASTN program) 
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Table 14-1 Cotton cDNA library (Biological processes) novel sequences their accession numbers and 
homology with NCBI GenBank against nucleotides, EST and protein databases 

AT accession User_Id GenBank 
Acc 

Clone Id EST blast Nucleotide 
blast 

Protein blast 

Response to stress, abiotic and biotic stimulus  
AT2G15130 cembAJ151 JK757237 CI01511G1C151 Novel Gossypium Novel 

AT2G33835 cembAJ145 JK757231 CI01451A1C145 Novel Novel Hypothetical 
protein 

 AT2G39210 
 

 
 

cembAJ559 JK757645 CI055912H1G559 Novel Novel Novel 

AT4G19230 cembAJ497 JK757583 CI04973F1G497 Novel Novel Novel 

AT4G34000 cembAJ221 JK757307 CI022111D1C221 Novel Novel Hypothetical 
protein 

AT5G08670  
 

cembAJ392 JK757478 CI039211E1E392 Novel Novel Novel 

AT5G58400 cembAJ030 JK757116 CI00304F1A30 Novel Novel Novel 

AT1G20900 cembAJ477 JK757563 CI047712G1F477 Novel Novel Novel 

AT5G24530 cembAJ150 JK757236 CI01501F1C150 Novel Novel Hypothetical 
protein 

Signal transduction 
AT4G18640 cembAJ578 JK757664 CI05784D1H578 Novel Novel Putative 

protein 
AT4G30340 cembAJ408 JK757494 CI04082E1F408 Novel Novel Hypothetical 

protein 
AT4G34000 cembAJ221 JK757307 CI022111D1C221 Novel Novel Hypothetical 

protein 
Transport 
AT1G29830 cembAJ571 JK757657 CI05713E1H571 Novel Novel Novel 

AT1G31730 cembAJ114 JK757200 CI01147B1B114 Novel Novel Hypothetical 
protein 

AT1G56330 cembAJ187 JK757273 CI01876E1C187 Novel Novel Membrane 
protein 

AT2G15325 cembAJ481 JK757567 CI04811D1F481 Novel Novel Hypothetical 
protein 

AT2G36070 cembAJ050 JK757136 CI00508C1A50 Novel Novel Novel 

AT5G08080 cembAJ330 JK757416 CI03303D1E330 Novel Novel Novel 

AT5G20020 cembAJ641 JK757727 CI06411A1I641 Novel Novel Drosophila  

AT5G55470 cembAJ233 JK757319 CI02331G1D233 Novel Novel Low quality 
protein 

Developmental processes 
AT1G01010 cembAJ266 JK757352 CI02666B1D266 Novel Novel Novel 

AT1G20900 cembAJ477 JK757563 CI047712G1F477 Novel Novel Novel 

http://www.arabidopsis.org/servlets/TairObject?id=31797&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=500230872&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=129455&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=127162&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=500231902&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=132909&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=31080&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=131899&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=127892&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=127134&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=127162&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=28526&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=29686&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=27448&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=227136&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=31345&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=135652&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=131051&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=134625&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=137158&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=31080&type=locus
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AT1G79750 cembAJ617 JK757703 CI06179D1H617 Novel Novel Novel 

AT1G79840 cembAJ597 JK757683 CI05976G1H597 Novel Novel Novel 

AT2G20300 cembAJ461 JK757547 CI046110A1F461 Novel Novel Hypothetical 
protein 

AT2G35340 cembAJ311 JK757397 CI031111G1D311 Novel Novel Novel 

AT4G18640 cembAJ578 JK757664 CI05784D1H578 Novel Novel Ricinus 
communis 

AT4G19230 cembAJ497 JK757583 CI04973F1G497 Novel Novel Novel 

AT4G26300 cembAJ611 JK757697 CI06118E1H611 Novel Novel Domain 
protein 

AT4G30340  
 

cembAJ408 JK757494 CI04082E1F408 Novel Novel Hypothetical 
protein 

Unknown biological processes 
AT1G28260 cembAJ662 JK757748 CI06624B1I662 No 

significant 
similarity 

No significant 
similarity 

Hypothetical 
protein 

AT1G35617 cembAJ146 JK757232 CI01461B1C146 No 
significant 
similarity 

No significant 
similarity 

Hypothetical 
protein 

AT1G73630 cembAJ544 JK757630 CI054410F1G544 Novel Novel Novel 

AT1G74055 cembAJ491 JK757577 CI04912H1G491 Novel Novel Novel 

AT1G78260 cembAJ104 JK757190 CI01044H1B104 Novel Novel lipoprotein 

AT2G29190 cembAJ588 JK757674 CI05885F1H588 Novel Novel Solute carrier 
family 

AT3G25680 cembAJ683 JK757769 CI06837G1I683 Novel Novel Novel 

AT3G43660 cembAJ446 JK757532 CI04468A1F446 Novel Novel Novel 

AT3G56510 cembAJ314 JK757400 CI03141B1E314 Novel Novel Novel 

AT4G00005 cembAJ473 JK757559 CI047311H1F473 Novel Novel Hypothetical 
protein 

AT5G09820 cembAJ675 JK757761 CI06756E1I675 Novel Novel Novel 

Molecular functions  
Transcription factor activity 
AT1G01010 cembAJ266 JK757352 CI02666B1D266 Novel Novel Novel 

AT1G09250 cembAJ517 JK757603 CI05176D1G517 Novel Novel Novel 

AT3G47500 cembAJ264 JK757350 CI02645H1D264 Novel Novel Novel 

AT5G11590 cembAJ301 JK757387 CI030110E1D301 Novel Novel Novel 

http://www.arabidopsis.org/servlets/TairObject?id=28306&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=28310&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=31310&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=34977&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=127892&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=129455&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=129714&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=127134&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=30230&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=226734&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=29558&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=500231536&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=30214&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=32027&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=40482&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=36604&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=40522&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=1501130969&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=135195&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=137158&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=136322&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=36439&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=130631&type=locus
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Kinase activity 
AT2G20300 cembAJ461 JK757547 CI046110A1F461 Novel Novel Hypothetical 

protein 
AT4G18640 cembAJ578 JK757664 CI05784D1H578 Novel Novel Putative 

protein 
AT4G30340  

 

cembAJ408 JK757494 CI04082E1F408 Novel Novel Hypothetical 
protein 

AT4G39540 cembAJ312 JK757398 CI031211H1D312 Novel Novel Novel 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.arabidopsis.org/servlets/TairObject?id=31310&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=127892&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=127134&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=127683&type=locus
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4.9  GENE ONTOLOGY (GO) AND FUNCTIONAL ANNOTATION 

The Arabidopsis homologs of 711 cotton cDNA clones (G. arboreum) are further categrized on the basis of 

molecular functions, cellular components and biological processes by annotation through gene ontology (GO). 

The GO molecular function reveals that the majority of the ESTs are engaged in Kinase activity (11.18%), 

following by other binding (11.05%), transferase activity (10.13%), hydrolase activity (9.07%), unknown 

molecular functions (8.94%), DNA or RNA binding (8.68%), protein binding (8.28%), other enzyme activty 

(7.63%), nucleotide binding (7.36%), transporter activity (6.05%), transcription factor activity (5.78%) nucleic 

acid binding (1.97%), other molecule functions (1.44%) and nucleotide receptor binding (0.92%) (Figure 25). 

The GO categorization for cellular components by annotation showed that mostly ESTs are involved in other 

intracellular components (19.01%), following by other cytoplasmic components (13.04%), chloroplast 

(9.67%), other membranes (9.33%), nucleus (8.99%), other cellular components (8.21%), unknown cellular 

components (6.18%), plasma membrane (5.84%), cytosol (5.73%), plastid (4.27%), mitochondria (2.81%), 

ribosome (2.25%) golgi apparatus (1.68%), cell wall (1.12%), extracellular and endoplasmic reticulum (0.9%) 

(Figure 26). 

The GO biological process annotation categorized the greater part of cotton (G. arboreum) homologs in other 

cellular processes (25.41%), following by other metabolic processes 17.42%), response to stress  (8.42%), 

response to abiotic or biotic stimulus (7.62%), protein metabolism (7.11%), other biological processes 

(6.68%), unknown biological processes (5.59%), developmental processes (5.51%), transport (4.93%), 

transcription DNA dependent (4.21%), signal transduction (2.83%), cell organization and biogenesis (2.68%) , 

DNA or RNA metabolism (1.08%) and electron transport or energy pathways (0.43%) (Figure 27).  
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Figure 25. GO Molecular functions categorization by annotation. 

 

Figure 26. GO Cellular processes categorization by annotation. 

 

Figure 27. GO Biological processes categorization by annotation. 
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4.10 cDNA MICROARRAY 

4.11 cDNA LABELING / TARGET PREPARATION  

Total RNA isolated from control and drought stressed root samples was indirectly labeled with fluorochromes 

cyanine-3 (Cy3) (PA23001, Amersham) and cyanine-5 (Cy5) (PA25001, Amersham), respectively and 

reciprocally. The quality and quantity of labeled cDNA (Target) was confirmed by Nanodrop (ND-1000) using 

the program "microarray" (Figure  28). 

 

Figure 28. Qualitative and quantitative confirmation of labeled cDNA by 
 Nanodrop (ND-1000) 
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4.12 HYBRIDIZATION AND SCANNING 

The labeled cDNAs (targets) were hybridized with the cotton (G. arboreum) cDNA microarray platform. The 

hybridized cDNA chips were washed and scanned in UC4×4 (Genomic solution) scanner. The tiff image 

(Figure 29) clearly shows the grids, good quality of the spots, space between spots and sub-grids and spot 

morphology for most of the spots. The tiff image also confirms the equal expression of the duplicate spotted 

cDNAs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

      

 

 

 

Figure 29: Microarray image showing Scanned images of Hybridized slides 
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4.13 DATA NORMALIZATION  

4.13.1 R-I PLOT 

The two house keeping genes, GAPDH and β-Actin along with lowess (locally weighted scatter plot 

smoothing) normalization were used to normalize the spot signals within the array and total intensity with 

combination of lowess normalization was applied to normalize the data between the arrays. The normalization 

intensities of Cy3 and Cy5 are adjusted relative to fitted curve. The R-I plot (log2 [/(b)/(a)] against log10[/(a)-

/(b)], where a and b are the median intensities of two dyes (Cy5 and Cy3),  for normalized data demonstrate 

that most spots are in a range of -1 to +1 log ratios, an evidence of good quality data showing equal expression 

for the most spots between primary stressed and lateral stressed roots (Figure. 30).  

 

           

Figure 30. R-I plot for non normalized data on left and normalized data on right. 
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4.13.2  Z-SCORE HISTOGRAM 

The purpose of a histogram is to graphically summarize the distribution of a univariate data set. The histogram 

graphically shows center (i.e., the location) of the data, spread (i.e., the scale) of the data, skewness of the data, 

presence of outliers and, presence of multiple modes in the data. These features provide strong indications of 

the proper distributional model for the data. The most common form of the histogram is obtained by splitting 

the range of the data into equal-sized bins (called classes). Then for each bin, the number of points from the 

data set that fall into each bin are counted. i.e., vertical axis: frequency (i.e., intensity counts for each array or 

probe density) and horizontal axis: Z score (response variable or probe intensity). Before normalization the 

probe intensity along x- axis varied from -4 to +3 while for that after normalization it was found between the 

range of -3 to +3. 

The following histogram indicates a symmetric, moderate tailed distribution, bell shaped that confirms 

normality. If the normal probability plot is linear, then the normal distribution is a good model for the 

normalized data (Figure 31). 

   

Figure 31. Z-score histogram for non normalized data on left and normalized data on right. 
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4.13.3 BOX PLOT  
Box plots are an excellent tool for conveying location and variation information in data sets, particularly for 

detecting and illustrating location and variation changes between different groups of data. Box plots are formed 

by Vertical axis: response variable (intensity), Horizontal axis: The factor of interest (array). Multiple box plots 

can be drawn together to compare multiple data sets or to compare groups in a single slide (single 

replicate).The box plot is an important quality tool for determining if a factor has a significant effect on the 

response with respect to either location or variation. 

The following box plot (Figure 32) reveals that blocks (array) has no significant effect on normalized intensity 

with respect to location and possibly variation. The inter quartile range (IQ) range of normalized data is 

between -1.0 to +1.0 which is evidence of good quality data. 

    

Figure 32  Box plot for non normalized data on left and normalized data on right. 
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4.13.4  SIGNIFICANCE ANALYSIS OF MICROARRAY (SAM) 

SAM is a method that can be used to identify differentially expressed genes. Each gene is assigned a score on 

the basis of its change in gene expression relative to the standard deviation of repeated measurements. The 

genes that have a score which is significantly higher than the expected score are termed differentially 

expressed. The expected score is calculated by permuting the measurements, and then taking the average score 

for all the permuted scores as the expected score. The percentage of genes falsely identified as differentially 

expressed is called False Discovery Rate (FDR). 

 

Figure 33. SAM plot analysis of differentially expressed cDNA clones  

In the SAM Plot the observed difference is plotted against the expected difference. The black line indicates the line for 
observed difference = expected difference. The two light color black lines on either side of the bold black line are drawn 

at delta distance from the black line. The light color black lines show the selected thresholds. Spots further away from the 
black line than the grey lines are considered differentially expressed. 

Plot shows 310 genes were significantly expressed and the median number of false positive is 21.12and the 
FDR is 6.8%. 

 



132 
 

4.14 FUNCTIONAL CATEGORIZATION OF DIFFERENTIALLY EXPRESSED CDNA 
CLONES BY GENE ONTOLOGY (GO) ANNOTATION 

The Arabidopsis homologs of cotton (G. arboreum) potential drought cDNA clones were subjected to Gene 

Ontology for their functional categorization on the basis of cellular components, molecular functions and 

biological processes.  

The GO cellular component categrorization for potential drought candidate ESTs showed that 20% sequenced 

clones belong to other membranes, 17.14% to other cellular components, 14.28% to other intracellular 

components, 8.57% to unknown cellular components and cytoplasmic components,  8.57% to nucleus and 

cytosol, 5.7% chloroplast and plasma membrane (Figure 34). 

The GO molecular function categorization revealed that cotton (G. arboreum) drought candidate EST’s are 

mostly  involved in  DNA or RNA binding (17.24%), unknown molecular functions, protein binding, other 

molecular functions, Hydrolase activity, transcription factor activity and transporter actvity (10.34% each), 

following by nucleotide  binding , other enzyme activity and other binding and kinase activity (each 3.44%) 

(Figure 35).  

The GO biological processes annotation showed that the mostly cotton (G. arboreum) differentially expressed 

clones are engaged in other cellular processes (20.54%), following by, response to abiotic or biotic stimulus 

(13.69%), other metabolic processes & transport (each 10.95%), response to stress (9.58%), developmental 

processes and other biological processes (6.84 each), transcription, DNA dependent & unknown biological 

processes (5.47% each), signal transduction (4.11%), cell organization & biogenesis (2.74%), protein 

metabolism (1.37%) and electron transport (1.37%) (Figure 36).   
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Figure 34. Cotton (G .arboreum) potential drought stress candidate EST’s Cellular component categorization 

 

Figure 35. Cotton (G .arboreum) potential drought stress candidate EST’s molecular functional categorization 

 

Figure 36. Cotton (G .arboreum) potential drought stress candidate EST’s biological processes 
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4.15 MICROARRAY DATA ANALYSIS 

After the data analysis of microarray experiment, a total of twenty clones showed significant (P ≤ 0.05) > 

mean expression ratio (log2) >1.5 fold expression differences in drought stressed roots. These twenty (20) 

clones showing differential expression in drought stressed roots are the potential candidates for water 

deprivation genes in cotton (G. arboreum). The EST sequences of potential candidates for drought stressed 

roots genes were BLAST to NCBI GenBank for their homology search against nucleotide, EST and protein 

data bases, using BLASTX and BLASTN. Out of twenty, ten (10) ESTs were novel (didn’t showed any 

homology) to NCBI GenBank nucleotide, EST and protein data bases. Seven (07) have shown homology in all 

three database. Ten (10) have shown homology to only EST database, seven (07) to EST and protein database 

and four (04) to nucleotide and protein database (Figure. 37). 

Functionally annotation differentially expressed drought stressed clones clustered, into novel (10), response to 

abiotic stress and stimulus (total 06 having 03 novel), signal transduction (total 02 having 01 novel), transport 

(total 02 having 01 novel), developmental processes (total 03 having 01 novel), cell organization and 

biogenesis (total 02 having 01 novel), electron transport (01), DNA or RNA binding (03), transcription factor 

activity (total 03 having 02 novel), hydrolase activity (total 03 having 02 novel), transporter activity (03 

having 01 novel) and kinase activity (01).  

 

 

 

 

 

 

 

 

 

10  

NOVELS 

ESTs 
NTDs 

PROTIEN 

10 0 
0 

1 

7 

4 

2 

Figure 37. BLAST results for twenty (20), drought tolerant potential candidate 
ESTs, against protein, nucleotide and EST databases. 
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Table 15. Cotton (G. arboreum) drought stressed potential candidates ESTs, their accession numbers, 
and homology with NCBI GenBank against nucleotide, EST and protein data bases. 

AT 
accession 

User_Id GenBank 
Acc 

Clone Id EST blast Nucleotide blast Protein blast 

Biological Processes  
Response to stress, abiotic and biotic stimulus 

 

AT1G77120 cembAJ582 JK757668 CI05824H1H582 GE653769.1 cembY425 
cDNA library from 
leaves of Gossypium 
arboreum 

No significant 
similarity found 

No significant 
similarity found 

AT3G11650 cembAJ631 JK757717 CI063111E1H631 DW520412.1 
GH_TMIRS_240_D10_F 
Cotton Normalized 
Library dT primed 
Gossypium hirsutum 
cDNA 

No significant 
similarity found 

XP_002759794.1 
PREDICTED: 
solute carrier 
family 

AT3G57520 cembAJ568 JK757654 CI05683A1H568 ES826834.1 Cotton fiber 
0-10 day post anthesis 
Gossypium hirsutum 
cDNA 

XM_002529572.1 
Ricinus communis 
hydrolase, 
hydrolyzing O-
glycosyl compounds 

CAB71135.1 
putative 
imbibition 
protein (Cicer 
arietinum) 

AT5G10140 cembAJ583 JK757669 CI05835A1H583 Novel Novel Novel 

AT2G46790 cembAJ591 JK757677 CI05916A1H591 Novel Novel Novel 

AT4G19230 cembAJ497 JK757583 CI04973F1G497 Novel Novel Novel 

Signal transduction 
AT2G46790 cembAJ591 JK757677 CI05916A1H591 Novel Novel Novel 

AT3G27810 cembAJ596 JK757682 CI05966F1H596 BM360798.1 Gossypium 
arboreum 7-10 dpa fiber  

No significant 
similarity found 

XP_002328805.1 
predicted protein 
(Populus 
trichocarpa) 

Transport 
AT4G01820 cembAJ086 JK757172 CI00861H1B86 Novel Novel Novel 

AT5G19320 cembAJ585 JK757671 CI05855C1H585 GH270671.1 PvF06_B11 
Pistacia male and female 
panicles Pistacia vera 
cDNA 

AB026619.1 
Nicotiana sylvestris 
Nsppc3 gene for 
phosphoenolpyruvate 
carboxylase 

ZP_02903466.1 
hypothetical 
protein 

Developmental processes 
AT1G01010 cembAJ571 JK757657 CI05713E1H571 Novel Novel Novel 

AT3G27810 cembAJ596 JK757682 CI05966F1H596 No significant similarity 
found 

No significant 
similarity found 

Predicted protein 

AT4G13510 cembAJ639 JK757725 CI063912F1H639 GT153469.1 
Chlorenchyma cells of 
Bienertia sinuspersici 

DQ985176.1 
Maclura pomifera 
glycosyltransferase 
UGT88A4 

ZP_02903466.1 
hypothetical 
protein 

Unknown biological processes 
AT2G29190 cembAJ588 JK757674 CI05885F1H588 No significant similarity 

found 
No significant 
similarity found 

CBJ29099.1 
solute carrier 
family 

http://www.arabidopsis.org/servlets/TairObject?id=29097&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=39798&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=40679&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=136002&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=32227&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=129455&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=32227&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=38209&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=130268&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=131426&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=137158&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=38209&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=130221&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=32027&type=locus
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AT3G09950 cembAJ661 JK757747 CI06614A1I661 DW516639.1 
GH_TMIRS_203_E12_R 
Cotton Normalized 
Library dT primed 
Gossypium hirsutum 
cDNA 

No significant 
similarity found 

XP_002307908.1 
predicted protein 
(Populus 
trichocarpa) 

Cell organization & Biogenesis 
AT3G55770 cembAJ650 JK757736 CI06502C1I650 Novel Novel Novel 

AT4G13510 cembAJ639 JK757725 CI063912F1H639 GT153469.1 
Chlorenchyma cells of 
Bienertia sinuspersici 

DQ985176.1 
Maclura pomifera 
glycosyltransferase 
UGT88A4 

ZP_02903466.1 
hypothetical 
protein 

Electron transport 
AT1G77120 cembAJ582 JK757668 CI05824H1H582 GE653769.1 cembY425 

cDNA library from 
leaves of Gossypium 
arboreum  

AB288033.1 Oryza 
sativa Japonica 
Group OsHAP2G 
mRNA for HAP2 
subunit of HAP 
complex 

No significant 
similarity found 

Molecular Functions 
DNA or RNA binding 
AT2G29190 cembAJ588 JK757674 CI05885F1H588 No significant similarity 

found 
No significant 
similarity found 

Solute carrier 
family protein 

AT2G46790 cembAJ591 JK757677 CI05916A1H591 No significant similarity 
found 

No significant 
similarity found 

YP_004608128.1 
pseudaminic acid 
biosynthesis C4 
aminotransferase 
PseC 

AT3G27810 cembAJ596 JK757682 CI05966F1H596 BM360798.1 Gossypium 
arboreum 7-10 dpa fiber 
library  

No significant 
similarity found 

Predicted protein 

Transcription factor activity 

AT1G01010 cembAJ571 JK757657 CI05713E1H571 Novel Novel Novel 

AT3G27810 cembAJ596 JK757682 CI05966F1H596 BM360798.1 Gossypium 
arboreum 7-10 dpa fiber 
library  

No significant 
similarity found 

XP_002328805.1 
predicted protein 
(Populus 
trichocarpa) 

AT5G10140 cembAJ583 JK757669 CI05835A1H583 Novel Novel Novel 

Hydrolase activity 

AT3G57520 cembAJ568 JK757654 CI05683A1H568 ES826834.1 
UFL_251_74 Cotton 
fiber 0-10 day post 
anthesis Gossypium 

XM_002529572.1 
Ricinus communis 
hydrolase, 
hydrolyzing O-

CAB71135.1 
putative 
imbibition 
protein (Cicer 

http://www.arabidopsis.org/servlets/TairObject?id=40108&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=36414&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=130221&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=29097&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=32027&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=32227&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=38209&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=137158&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=38209&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=136002&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=40679&type=locus
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hirsutum cDNA glycosyl compounds arietinum) 

AT4G01820 cembAJ086 JK757172 CI00861H1B86 Novel Novel Novel 

AT5G42620 cembAJ559 JK757645 CI055912H1G559 Novel Novel Novel 

Transporter activity 

AT4G01820 cembAJ086 JK757172 CI00861H1B86 Novel Novel Novel 

AT4G13510 cembAJ639 JK757725 CI063912F1H639 GT153469.1 
Chlorenchyma cells of 
Bienertia sinuspersic 

DQ985176.1 
Maclura pomifera 
glycosyltransferase 

ZP_02903466.1 
hypothetical 
protein 

AT5G19600 cembAJ620 JK757706 CI06209H1H620 DW236276.1 Root (free) 
- 3 weeks after planting 
Gossypium hirsutum 
cDNA 

GQ225858.1 Citrus 
sp. 'kathairi nimbu' 
isolate CMEG-L3 
internal transcribed 
spacer 

XP_003544030.1 
PREDICTED: 
uncharacterized 
protein 

Kinase activity 

AT3G27190 cembAJ588 JK757674 CI05885F1H588 Novel Novel CBJ29099.1 
solute carrier 
family 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.arabidopsis.org/servlets/TairObject?id=130268&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=133281&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=130268&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=130221&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=135863&type=locus
http://www.arabidopsis.org/servlets/TairObject?id=37742&type=locus
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4.16 EXPRESSION ANALYSIS USING K MEANS CLUSTERING AND EXPRESSION GRAPH 

 Many tools that cluster microarray data employ methods such as hierarchical clustering, k-means clustering 

and self organizing maps to analyze and interpret the data. Very common measures include the sum of 

distances or sum of squared Euclidean distances from the mean of each cluster. It then re-computes the mean 

value for each cluster, this process being repeated until no more reassignment occur (Han and Kamber, 2001). 

The objective of k- means is to minimize total intra-cluster variance, or the squared error function. A centroid 

plot can be used to visualize the exemplar profile for each of the clusters resulting from a partitional clustering 

experiment. As genes were clustered, each of the profiles represents the average expression value for the genes 

in a cluster over all samples.  

   

 

   

 

 

 

 

 

 

 

Figure 38. Heat map analysis showing the expression pattern of Primary and Lateral roots 

1 Codes Primary roots 
2 Codes Lateral roots 



139 
 

4.17 EXPRESSION ANALYSIS USING K MEANS CLUSTERING AND EXPRESSION GRAPH 

        

 

         

 

 

KMC (K means clustering) showing the Expression of Drought stress related genes in Primary 
and lateral stress roots. In primary roots up regulated expression observed while down regulation 

observed of similar cDNA clones in lateral roots 

 

 

Figure 40. Graph showing expression of cDNA clones in a cluster among primary and lateral roots 

 

 

Figure 39. Heat map analysis showing the expression pattern of Primary and Lateral roots 

1 Codes Primary roots 
2 Codes Lateral roots 
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4.18 MICROARRAY RESULTS VALIDATION STUDIES 

The cotton (G. arboreum) root potential droughts ESTs, resulted from microarray data are further confirmed 

by quantitative Real Time PCR to eliminate any false positive results.  The fourteen transcripts were selected 

randomly for real-time RT-PCR and GAPDH gene was used as the reference gene to normalize the expression 

levels. Selected transcripts showed different level of expression in primary and lateral roots of cotton as 

compared to control and these results were the confirmation of microarray data. 2.53 more fold expression of 

JK757668, 2 fold of JK757717, 2.14 fold of JK757654, 2.85 fold JK757583, 3 fold of JK757677, 2.49 fold of 

JK757682 and 2.57fold of JK757671 GENBANK ACC in lateral roots of cotton was studied (Figure 41). 

Similarly in above stated GENBANK ACC almost similar down fold expression was observed in case of 

primary roots in similar experiment. As similar expression behaviour and fold change was studied in K means 

cluster analysis of microarray data (Figure 38). 

 

Figure 41. Relative fold expression of root potential candidate ESTs in primary and 
lateral roots of control and drought plants through Real-time PCR 
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In another cluster of selected transcript different expression behavior was studied. In one of selected clusters, 

transcripts showed different expression level in primary and lateral roots of cotton as compared to control and 

these results were further confirmed to microarray data. 2.54 more fold expression of JK757717, 2.37 fold of 

JK757747, 2 fold of JK757706, 2.14 fold JK757725 and 2.210 fold of JK757682 GENBANK ACC in primary 

roots of cotton were studied (Figure 42). Similarly in above stated GENBANK ACC approximately similar 

down fold expression was observed in case of lateral roots in similar experiment. As similar expression 

behaviour and fold change was studied in K means cluster analysis of microarray data (Figure 39). 

 

 

Figure 42. Relative fold expression of root potential candidate ESTs in primary and 
lateral roots of control and drought plants through Real-time PCR 
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4.19 GENE INVESTIGATOR EXPRESSIONAL ANALYSIS BY RESPONSE VIEWER 

Arabidopsis orthologs of cotton (G. arboreum) drought stressed candidate EST’s subjected to gene 

investigator expressional analysis response viewer (Zimmermann et al. 2004), to find their expression in 

abiotic stresses. The log2 ratios of Arabidopsis orthologs under abiotic stressed and their cotton (G. arboreum) 

potential drought stressed candidate ESTs showed similar pattern of gene expression, when subjected to Multi 

Experiment Viewer (MEV) analysis. (Figure. 43).  

 

 

Figure 43. The expressional profile of drought candidate candidate EST’s and their Arabidopsis 
orthologs (under abiotic stresses), validating and strengthening of their candidateship. 
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5. Discussions 

Drought A multifactor approach  

Among environmental factors, water availability is probably the most limiting for crop quality and 

productivity, comprising economical output and human food supply (Roche et al., 2009). Water deficit is a 

multidimensional stress affecting plants at various levels of their organization (Yordanov et al., 2000). Thus, 

the effects of stress are often manifested at morpho-physiological, biochemical and molecular level, such as 

inhibition of growth (Bahrani et al., 2010), accumulation of compatible organic solutes (Sánchez-Díaz et al., 

2008; DaCosta and Huang 2009), and modifications in expression of stress responsive-genes (Xiong and Yang 

2003; Yamaguchi-Shinozaki and Shinozaki, 2005; Huang et al., 2008), among others. Some of these responses 

are directly triggered by the changing water status of the tissues while others are brought about by plant 

hormones (Chaves et al., 2003). 

Morphological characters 

In present study the plant height was significantly reduced as compared to control plants. A reduction in soil 

moisture may reduce the availability of nutrients to the plant and consequently reduce plant height, growth and 

yield (Razmjoo et al., 2008). Drought stress reduces plant growth, so the carbon fixed during photosynthesis 

could be used to form secondary metabolites (Hale et al., 2005). When plants experience drought stress, stem 

diameter shrinks in response to changes in internal water status (Simonneau et al., 1993). The reduction in 

height may be associated with a decline in cell enlargement under water stress. Water stress greatly suppresses 

cell expansion and cell growth due to the low turgor pressure. Osmotic regulation can enable the maintenance 

of cell turgor for survival or to assist plant growth under severe drought conditions in pearl millet (Shao et al., 

2008).  

In current stydy drought stresses resulting from (Field capacity 15%) in cotton leads to reduction in stem and 

root growth, this reduction in root and stem length might be the result of roughening in cell wall. Roots have 

an essential role in tolerating drought as they are the main organs responsible for sourcing valuable water. 

They also have an important role in sensing drought through the production of a chemical message that is sent 

to the shoots and is involved in stomatal opening, leaf expansion and possibly other processes. This message 
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needs further elucidation although most likely it is abscissic acid (Tardieu, 1996). Seiler and Gazell (1990) 

concluded that extreme soil drying ultimately reduced root growth. Root growth is less sensitive than leaf 

growth to the same tissue low water potential (Hsiao and Xu 2000). The reason is in the greater osmotic 

adjustment in the extension region of roots as compared with leaves (Ober and Sharp 2007). Our results are 

supported by study of Seiler and Gazell (1990); Ober and Sharp (2007).  

Malik et al. (1979) reported that root growth appears to be less affected by drought than shoot growth. The 

mechanisms underlying the sustained root growth under water stress include osmotic adjustment (Saab, 1992) 

and an increase in the loosening capacity of the cell wall (Hsiao and Xu, 2000). The involvement of 

drought�induced abscisic acid (ABA) and ethylene in shoot and root growth is still under debate (Spollen et 

al., 2000; Sauter et al., 2001; Sharp and LeNoble, 2002). ABA accumulation has important role in the 

maintenance of root elongation under drought stress (Sharp and LeNoble, 2002). Our results illustrate Green's 

point (1976) that growth and cell proliferation are separately regulated but often synchronized processes. 

Greater plant fresh and dry weights under water limited conditions are desirable characters. In current study, 

shoot and root dry shoot weight recorded were significantly higher in drought stressed plants than control 

plants. During the times of development, a fraction of assimilate partitioned to storage was higher in stressed 

plants than in comparison with the well watered plants. A common adverse effect of water stress on crop 

plants is the reduction in fresh and dry biomass production (Farooq et al., 2009). Plant productivity under 

drought stress is strongly related to the processes of dry matter partitioning and temporal biomass distribution 

(Kage et al., 2004). The higher dry matter percentage of drought stressed plants relative to control plants may 

be an indication of such an increase in nonstructural carbohydrate content. 

Root to shoot dry weight ratio in the present study increased as a result of water stress. When water supply is 

limiting, allocation of assimilates tend to be modified in favour of root growth and leads to increase root dry 

weight and consequently the root shoot ratio increases (Hsiao and Acevedo, 1974).Although growth of both 

roots and shoots decreases under drought conditions the root shoot ratio generally increases (Kramer and 

Kozlowski, 1979). This is true because above-ground growth is affected more severely than below-ground 

growth (Wilson 1988). Joly et al. (1989) considered this as an adaptation that restricts transpiration surface 

http://aob.oxfordjournals.org/content/89/7/907.full#ref-31
http://aob.oxfordjournals.org/content/89/7/907.full#ref-70
http://aob.oxfordjournals.org/content/89/7/907.full#ref-70
http://aob.oxfordjournals.org/content/89/7/907.full#ref-64
http://aob.oxfordjournals.org/content/89/7/907.full#ref-63
http://aob.oxfordjournals.org/content/89/7/907.full#ref-63
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area and increases water absorption from the soil. The present study relates the findings of Hsiao and Acevedo 

(1974). Thus, in result of drought stress on shoot and root growth and changes in dry matter partitioning, water 

shortage imposed at the whole stage of plant development then increased root to shoot ratio.  

Plants growing under stress condition with greater root shoot ratio may be called as drought tolerant plants in 

contrast to those plants growing under control condition. Under mild drought stress, pattern of resource 

allocation generally favors root growth rather than shoot growth. Severe stress conditions often decrease root 

growth. Timing of drought stress also has great influence on partitioning of carbohydrates and nitrogen. If 

drought stress occurs during early vegetative growth stages, there is a shift of partitioning toward roots rather 

than shoots, increasing the root-to-shoot ratio. This increase is due mainly to decreased shoot weight rather 

than increased root weight. Root mass rarely increases under stress, whereas root length and root volume often 

increase in response to mild stress. Generally, when water availability is limited, the root: shoot ratio of plants 

increases because roots are less sensitive than shoots to growth inhibition by low water potentials (Wu and 

Cosgrove, 2000) 

Under drought stress conditions roots induce a signal cascade to the shoots via xylem causing physiological 

changes eventually determining the level of adaptation to the stress. Abscisic acid (ABA), cytokinins, 

ethylene, malate and other unidentified factors have been implicated in the root–shoot signaling. This drought- 

induced root-to-leaf signaling through the transpiration stream results in stomatal closure, which is an 

important adaptation to limited water supply in the field. 

Physiological parameters  

Relative water content (RWC) is considered a measure of plant water status, reflecting the metabolic activity 

in tissues and used as a most meaningful index for dehydration tolerance. Present study revealed significantly 

higher RWC in control plants as compared to plants under drought stress. A decrease in RWC in response to 

drought stress has been noted in wide variety of plants as reported by Nayyar and Gupta (2006) that when 

leaves are subjected to drought, leaves exhibit large reductions in RWC and water potential. Exposure of 

plants to drought stress substantially decreased the leaf water potential, relative water content and transpiration 
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rate, with a concomitant increase in leaf temperature (Siddique et al., 2001). RWC related to water uptake by 

the roots as well as water loss by transpiration.  

In present study cell membrane stability (CMS) was found significantly higher in drought plants as compared 

to control plants. This increase in CMS may be due to higher accumulation of ions and electrolytes in cell 

membrane of drought stress plants. Adverse environmental factors cause cell membranes to lose selective 

permeability, cellular integrity and capacity for retention of intracellular substances (Lukatkin, 2003). The 

cellular membrane dysfunction due to water stress causes an increase in the permeability and ion leakage 

(Beltrano et al., 1999). Thus increase in cell membranes leakiness is interpreted as an injury and loss of 

membrane integrity associated with a decreasing RWC, and this might accelerate senescence processes 

(Thompson, 1988). 

Gas exchange attributes  

In present study it was noted that that photosynthesis rates were bit reduced and corresponding decreases in 

transpiration and CO2 uptake in water deficit plants. Leaf photosynthesis is also reduced when plants are 

grown under moisture deficit conditions because of a combination of stomatal and non-stomatal limitations 

(Mc Michael and Hesketh, 1982; Turner et al., 1986). Ennahli and Earl (2005) reported that water stress 

reduced photosynthetic carbon assimilation (AN) through both stomatal effects, which reduced the leaf 

internal CO2 concentration (Ci), and non stomatal effects, which resulted in reduced AN at a given level of Ci. 

Leidi et al. (1993) studied cotton genotypes under drought and observed that net photosynthesis, transpiration 

rate and stomatal conductance decreased as water stress was imposed. Decrease in photosynthetic rate under 

drought stress occurs through stomatal closure and reduction of protoplasm activity. Reduction in 

photosynthetic activity can be due to the reduction in stomatal conductance and uptake of water from roots but 

repetition of water stress cycles might cause photosynthetic adaptability (Matthews et al., 1990). Our results 

are supported by the idea of Matthews et al (1990) and Leidi et al. (1993). Many studies have shown the 

decreased photosynthetic activity under drought stress due to stomatal or non-stomatal mechanisms (Ahmadi, 

1998; Del Blanco et al., 2000; Samarah et al., 2009). 
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In present study stomatal conductance (C) was higher in drought plants as compared to control plants. 

Considering the past literature as well as the current information on drought-induced photosynthetic responses, 

it is evident that stomata close progressively with increased drought stress. It is well known that leaf water 

status always interacts with stomatal conductance and a good correlation between leaf water potential and 

stomatal conductance always exists, even under drought stress. It is now clear that there is a drought-induced 

root-to-leaf signaling, which is promoted by soil drying through the transpiration stream, resulting in stomatal 

closure. Stomatal control of water loss has been identified as an early event in plant response to water deficit 

under field conditions leading to limitation of carbon uptake by the leaves (Chaves, 1991; Cornic and 

Massacci, 1996). Stomata close in response either to a decline in leaf turgor and/or water potential, or to a low-

humidity atmosphere. As a rule, stomatal responses are more closely linked to soil moisture content than to 

leaf water status (Maroco et al., 1997).  

In current study transpiration rate (E) was found higher in drought plants as compared to control plants. For 

many crops, transpiration declines only after a third of the extractable soil water in the root zone has been left 

(Sadras and Milroy, 1996), but instances of crops showing a decline in transpiration at higher levels of 

extractable soil water have been reported (Henson et al., 1989; Ameglio et al., 2000). This decline precedes 

changes in the water status of the plant, and is hence attributed to a non-hydraulic root signal produced by 

roots growing in a drying soil (Davies et al., 2002b; Chaves et al., 2002). Increase in transpiration efficiency 

under drought has been reported in various crops (Jones, 1992) which is attributed to the fact that, partial 

stomatal closure under increasing water deficits leads to more decline in transpiration, as compared to dry 

matter production (Nguyen et al., 1997; Nobel, 1999).Water deficiency in plants may lead to physiological 

disorders, such as a reduction in photosynthesis and transpiration (Saccardy et al., 1998), because in order to 

prevent transpirational water loss, plants close their stomata (Ashraf and Ibram, 2005). This closure of stomata 

may result from direct evaporation of water from the guard cells (hydropassive closure).  

Numerous physiological factors need to be considered when dealing with improving WUE, including stomatal 

regulation of gas exchange, regulation of plant development and functioning, increased photosynthetic 

capacity of the mesophyll, increased root hydraulic conductivity, and osmotic adjustment (Bacon, 2004). 
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Additionally, WUE depends upon plant morphological characteristics, such as leaf size, position and canopy 

structure (Krieg, 2000). It has been suggested that WUE depends primarily on photosynthesis (Radin, 1992). 

Because photosynthesis is tied so closely to stomatal opening, it is not surprising that genes involved in 

stomatal opening and closing regulate WUE (Chaves et al., 2004). Hence, any discussion of WUE centers 

around gas exchange via the stomata. According to Bjorkman and Pearcy (1982) photosynthetic WUE in C3 

plants could be expected to double with a doubling of the CO2 in the atmosphere, due to decreases in stomatal 

conductance required to meet CO2 demand in elevated CO2 environments and the increase of intrinsic WUE 

(Drake et al., 1997). Drought-tolerant species maintain water-use efficiency by reducing the water loss. 

However, in the events where plant growth was hindered to a greater extent, water-use efficiency was also 

reduced significantly (Anjum et al 2011). Our results for instatneous water use efficiency are in accordance 

with Anjum et al (2011). 

Water relations aspect 

In current study osmotic potential was found to be higher in drought stress plants as compared to control 

plants. Osmotic adjustment (OA) is believed to be a primary acclimation response because by increasing the 

concentration of cellular solutes it maintains the Ψw gradients needed to ensure continued uptake of water 

during the stress period (Oosterhuis and Wullschleger, 1988; Feng et al., 1994). The process involves the 

active accumulation of sugars, organic acids and ions in the cytosol to decrease the Ψs and consequently, to 

help maintain leaf Ψw near optimal levels (Cutler et al., 1977; Jones et al., 1980; Ingram and Bartels, 1996; 

Guo and Oosterhuis, 1997; Zhu et al., 1997). Intuitively, water retention should be increased by accumulation 

of Osmolytes in drought tolerant plants.When soil water potential is high, plant water potential approaches soil 

water potential at night when stomata are closed. As soil dries under drought stress, hydraulic conductivity of 

soil decreases, and the rate of water movement toward root and absorption are slow to completely replace the 

water lost from the plant during the daytime because of transpiration. Thus, drought results in lower plant 

water potential. The effects of drought on leaf water potential are progressive rather than immediate.The 

changes in the plant water potential can be attributed to change in osmotic pressure or osmotic component of 
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the water potential. When leaf water potential is low, it causes the stomata to close, which causes decreased 

transpiration which in turn leads to increased water potentials. 

Primitive landraces and wild types of cotton exhibited higher osmotic adjustment compared to commercial 

cultivars. Osmotic adjustment of cotton roots under water deficit and demonstrated that cotton roots show a 

considerably larger percentage adjustment than the leaves, reinforcing the ability of the plant to maintain a 

positive turgor and hence continue normal growth under water stress Oosterhuis et al. (1987). Decrease in leaf 

osmotic potential to maintain turgor, a process often called osmotic adjustment (OA), is also an important 

adaptive mechanism in plants subjected to drought (Hussain et al., 2009). Plants accumulate different types of 

organic and inorganic solutes in the cytosol to lower osmotic potential there by maintaining cell turgor 

(Rhodes and Samaras, 1994). Under drought, the maintenance of leaf turgor may also be achieved by the way 

of osmotic adjustment in response to the accumulation of proline, sucrose, soluble carbohydrates, glycine-

betaine, and other solutes in cytoplasm improving water uptake from drying soil. Current study agree the view 

of Oosterhuis et al. (1987) which shows the adaptability of water deficit plants to maintain tugor pressure more 

as compared to control plants. 

In present study the leaf water potential was significantly reduced in drough plants as compared to control 

plants. In most plants, leaf water potential is reduced under drought conditions, but cotton has the ability to 

osmotically adjust and maintain a higher leaf turgor potential (Turner et al., 1986 and Nepomuceno et al., 

1998). The bound water in living tissue is more likely to play a major role in tolerance to abiotic stresses in 

cotton by maintaining the structural integrity and/or cell wall extensibility of the leaves, whilst an increased 

amount of free water might be able to enhance solute accumulation, leading to better osmotic adjustment and 

tolerance to water stress, and maintenance of the volumes of sub-cellular compartments for expansive leaf 

growth (Singh et al., 2006). Our results are supported by findings of Turner et al.(1986) and Nepomuceno et al 

(1998). 

Current study showed decreased water potential which was significantly less in drought tolerant plants as 

compared to control plants this finally shows toward the accumulation of more solutes and ions in the leaf 

under drought stress.Turgor loss point in the stressed leaves was reached at lower Ψw than in well-watered 
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leaves. This indicates that they have an increased capacity to maintain turgor at lower water potentials. These 

results are in accordance with the data obtained by the Rodrigues et al. (1993). Buckley and Mott (2002) 

proposed that changes in turgor pressure in the leaf would translate into a signal that might lead to changes in 

guard cell osmotic pressure and consequently in stomatal aperture in response to changes in water supply and 

demand.  

In current study the tugor potential was found significantly higher in drought plants as compared to control 

plants. The maintenance of turgor above a particular threshold is essential for many physiological processes, 

such as cell expansion, photosynthesis, gas exchange, enzymatic activities, and continuous growth and 

maintenance. Growth maintenance depends on the turgor pressure for cell expansion and division, which is 

affected by drought (Taiz and Zeiger, 2009). The maintenance of turgor pressure seems to be more associated 

with a reduction in the growth ratio than a reduction in leaf water potential (Silva et al., 2010). 

Biochemical Indicators 

In current study proline was significantly higher both in drought stress leaf and root tissue as comapred to 

control leaf and root tissue plants.  Proline has been shown to function as a molecular chaperone able to protect 

protein integrity and enhance the activities of different enzymes. It is well known that proline contents in 

leaves of many plants are enhanced by several stresses including drought stress (Lopez et al. 1994; Lee and 

Liu 1999; Hernandez et al. 2000; De Ronde et al. 2000; Parida et al. 2002; Abdel-Nasser and Abdel-Aal 

2002). Our results of drought-induced dramatic increase in proline contents in leaves of cotton agree with 

earlier reports of accumulation of proline as a compatible osmolyte during drought exposure (Lopez et al. 

1994; Abdel- Nasser and Abdel-Aal 2002). Increased accumulation of proline in cotton might be due to the 

decreased activity of proline dehydrogenase, a catabolic enzyme of proline (Sundaresan and Sudhakaran 1995; 

Lee and Liu 1999). Thus, it appears that the increase in proline contents during drought induction is an 

adaptive mechanism in cotton.Accumulation of Proline under stress in many plant species has been correlated 

with stress tolerance, and its concentration has been shown to be generally higher in stress-tolerant than in 

stress-sensitive plants. 
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In our study significant increase of protein in drought stress leaves and root tissues suggests that protein 

synthesis or proteolysis is affected minimally by short-term drought stress in this plant. Several reports of 

alteration of protein synthesis or degradation of protein in various plant species in response to drought 

(Chandler and Robertson 1994; Ourvard et al. 1996; Riccardi et al. 1998) support our results. A drought 

induced decrease in total soluble protein has also been reported in safflower (Carthamus mareoticus L.) by 

Abdel-Nasser and Abdel-Aal (2002). Our results in cotton, contrasts with increasing evidences of drought-

induced accumulation of proteins and physiological adaptations to water limitation (Bray 1997; Han and 

Kermode 1996; Riccardi et al. 1998).  

Current study shows higher accumulation of total soluble sugars both in drought stress leaves and root tissues 

as compared to control plant tissues. Soluble sugars function as a typical osmoprotectant, stabilizing cellular 

membranes and maintaining turgor. Like other cellular constituents, starch and sugar levels are also affected 

by stress (Prado et al. 2000; Abdel-Nasser and Abdel-Aal 2002).In both leaves and roots of cotton, we 

observed an increase in total soluble sugar, as well as reducing sugar contents, with a concomitant decrease in 

starch contents by drought which suggest that drought induces starch sugar inter conversion (Chaves 1991). 

Drought-induced decrease in starch contents may also be associated with inhibition of starch synthesis 

(Geigenberger et al. 1997).Our results are supported by Abdel-Nasser and Abdel-Aal (2002), who also 

reported an increase in sucrose and decrease in starch contents in safflower.The concentration and components 

of carbohydrates differ according to the individual response of each plant species to drought. In general, 

reduction in leaf starch concentration is common in water-stressed plants (Chao et al., 2006; Nemeskéri et al., 

2010). This change leads to an increase in the concentrations of soluble sugars that act as osmotic compounds 

and contribute to the stabilization of cell membranes.  

Current study reveals that total amino acid pool was increased under drought in both the leaves and root tissues 

of cotton. Our results are in accordance with many reports of increased levels of free amino acid pool during 

drought in different plant species (Good and Zaplachinski 1994).Thus, the drought induction in cotton showed 

an increase in total amino acid pool and marginal change in protein contents, which reflect the mode of 

adjustment to drought in cotton plant.  
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Cotton root cDNA library and expression profile  

Presently no expression profiling has been reported by developing in house printed cDNA microarrays in 

Asiatic diploid cotton (G. arboreum). The aim of the present study is to better understand and reveal the G. 

arboreum root morphological, physiological, biochemical attributes and cDNA clones expression and their 

function in drought stress. 

The cDNA library normalized by reassociation is a newly-developed and effective platform for EST 

acquisition and gene discovery. It decreases the prevalence of clones representing abundant transcripts and 

dramatically increases the efficiency of random sequencing and rare gene discovery. Genome-scale collections 

of full-length cDNA become important for analyses of the structures and functions of expressed genes and 

their products (Seki et al 2002). Full-length cDNA library is a powerful tool for functional genomics and is 

widely used as physical resources for identifying genes (Wiemann et al 2003). 

The cotton ESTs have been used in several aspects, including development of genome-wide cotton 

microarrays. As far cotton genome not yet sequenced and complete information is not available to researchers 

therefore developing the EST database is the resourceful platform for studying desirable characters in suitable 

manner. 

In the present study, seven hundred eleven (711) EST sequences generated from the drought stressed cotton 

root. Twenty four percent (24%) sequences did not show significant homology to NCBI GenBank nucleotide 

database. It indicates the potential of G. arboreum genome for novel genes discovery in plant Kingdom. As the 

basic aim of this study is to find the drought strained genes in cotton (G. arboreum), a class of stress tolerant 

genes that can be utilize for the improvement of crops tolerance against biotic and abiotic stresses. 

 The EST (JK757675) shows significant homology with Glycogen synthase kinase-3 (GSK-3) that is a 

ubiquitously expressed protein kinase. The glycogen synthase kinase 3 (GSK3)/SHAGGY-like kinases are non 

receptor serine/threonine protein kinases that are involved in a variety of biological processes wound responses 

(Jonak et al., 2000), salt stress (Piao et al., 2001) and brassinosteroid signaling (Peng et al., 2010).  

The EST (JK757266) is homolog to the HSP (Heat shock protein). The HSP20-like chaperone is highly 

homologous to an HSP20-like chaperone from clover (Medicago truncatula) that contains the p23 domain. As 
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p23 is one of the co-chaperones of HSP90 and stabilizes the HSP90 hetero complex (McLaughlin et al 2006; 

Cha et al 2009), enhanced expression of this chaperone gene under heat stress also indicated that up-regulation 

of HSP90-related proteins are important for heat tolerance in grasses. 

Two proton dependent anti-porters involved in glucose influx across the tonoplast identified in Arabidopsis. 

From Arabidopsis an abiotic stress inducible transporter for monosaccharide from ERD family was 

characterized and named ESL1 (ERD six like 1). EST (JK757710) shows significant homology with ESL1 

transporter.  Expression of ESL was found to be induced under drought and high salinity conditions and also 

with exogenous applications of ABA. ESL1 is mainly expressed in pericycle and xylem parenchyma cells of 

roots.  

EST (JK757663) is homolog to Cys2/His2 (C2H2) -type zinc finger proteins. The Cys2/His2-type zinc finger 

proteins have been implicated in different cellular processes involved in plant development and stress 

responses. The Cys2/His2 (C2H2) -type zinc finger proteins constitute one of the largest transcription factor 

families in eukaryotes (Kubo et al., 1998). A number of stress-responsive C2H2-type zinc finger proteins have 

been identified in various plant species. Several studies have reported that over-expression of some C2H2-type 

zinc finger protein genes resulted in both the activation of some stress-related genes and enhanced tolerance to 

salt, dehydration, and/or cold stresses (Sakamoto et al.,2004; Sugano et al., 2003).  

Late-embryogenesis abundant (LEA) proteins are a family of hydrophilic proteins that form an integral part of 

desiccation tolerance of seeds. EST (JK757166) shows significant homology with LEA protein.  LEA proteins 

have been also postulated to play a protective role under different abiotic stresses. During seed maturation, 

LEA gene expression is induced by plant stress hormone, abscisic acid (ABA) (Finkelstein et al., 2002). 

However, there are certain LEA genes that are induced in vegetative tissues in response to drought, salinity, 

extreme temperatures stress or by exogenous ABA (Tunnacliffe and Wise, 2007) and (Bies-Etheve et al., 

2008).  

EST (JK757773) shows significant homology with Arabidopsis dehydrin protein. Dehydrins are an important 

group of LEA proteins (LEA D-11 family). They represent the most conspicuous soluble proteins induced by a 

dehydration stress and have been observed in over 100 independent studies of drought stress, cold acclimation, 
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salinity stress, embryo development, and responses to ABA. Among the water-stress-induced proteins so far 

identified, dehydrins are the most frequently observed (Close, 1997). It seems that dehydrins play a 

fundamental role in the dehydration response of plants to a range of environmental and developmental stimuli 

(Close, 1996). 

Two EST (JK757112, JK757392) show similarity with Arabidopsis homeo domain like super family protein. 

Two of the transcription factors contain a homeo domain (HD) linked to a leucine zipper motif (zip). These 

HDzip genes, ATHB-7 and ATHB-12, are induced by ABA and water-deficit stress (Lee et al., 2003; 

So¨derman et al., 1996). Over-expression of ATHB-7 causes reduced stem elongation (Hjellstro¨m et al., 

2003) indicating that this gene may be involved in the growth inhibition response to water-deficit stress. 

In both animals and plants, glutathione S-transferases (GST’s) are induced by diverse environmental stimuli, 

with increased GST levels used to maintain cell redox homeostasis and protect organisms against oxidative 

stress. EST (JK757169, JK757363) are highly homolog to the glutathione S- transferases which shows its 

positive contribution towards the drought tolerance in oxidative stress. 

EST (JK757360, JK757753) show significant similarity with glutathione peroxidase3.Glutathione Peroxidase3 

(ATGPX3) exhibited a higher rate of water loss under drought stress, higher sensitivity to H2O2 treatment 

during seed germination and seedling development, and enhanced production of H2O2 in guard cells of 

Arabidopsis thaliana (Miao et al 2006). In plants, GST (Glutathione s Transferase) expression is induced by 

phytohormones, such as salicylic acid, ethylene, cytokinin, auxin, abscisic acid (ABA; Marrs, 1996), methyl 

jasmonate (Moons, 2003), and brassinosteroid (Deng et al., 2007). Some plant GSTs play direct roles in 

reducing oxidative damage (Cummins et al., 1999; Roxas et al., 2000) and enhancing tolerance to stresses 

(Edwards and Dixon, 2005). Very little information is available on the involvement of GSTs in response to 

drought and salt stresses, although changes in the GSH pool and glutathione reductase and glutathione 

peroxidase activities in dehydrated plants were described (Loggini et al., 1999; Gallé et al., 2009). Tobacco 

(Nicotiana tabacum) seedlings but not mature plants overexpressing a tobacco τ GST gene were more tolerant 

to low- and high-temperature stresses and salt stress (Roxas et al., 2000). 

http://www.plantphysiol.org/content/158/1/340.full#ref-4
http://www.plantphysiol.org/content/158/1/340.full#ref-38
http://www.plantphysiol.org/content/158/1/340.full#ref-8
http://www.plantphysiol.org/content/158/1/340.full#ref-29
http://www.plantphysiol.org/content/158/1/340.full#ref-13
http://www.plantphysiol.org/content/158/1/340.full#ref-38
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ERD-13 belongs to the glutathione s transferase family protein. The early responsive dehydration (ERD) genes 

have been identified by their capacity to be rapidly induced by dehydration. The functional categorization of 

ERD genes has demonstrated that they exhibit diverse and heterogeneous biochemical functions and are 

present in different cellular compartments. EST (JK757518, JK757588) are homolog to Arabidopsis ERD 

gene.  

EST (JK757177) shows significant homology with hydrophilin protein lacking Cys residue. Most LEA 

proteins are part of a more widespread group of proteins called “hydrophilins.” LEA proteins into seven 

distinctive groups or families. Groups 1, 2, 3, 4, 6, and 7 correspond to the hydrophilic or “typical” LEA 

proteins, whereas those LEA proteins that show hydrophobic characteristics (“atypical”) have been kept in 

group 5, where they could be sub classified according to their homology. In group VI, proteins are highly 

hydrophilic, lack Cys and Trp residues, and do not coagulate upon exposure to high temperature. The 

PvLEA18 transcript and protein levels are highly accumulated in dry seeds and pollen grains and also respond 

to water deficit and ABA treatments. Under normal growth conditions, the expression of this gene is also 

regulated during development (Colmenero-Flores et al., 1999). For example, high protein and transcript 

accumulation was detected in the expansion zone of bean seedling hypocotyls, which show lower water 

potentials than those from non growing regions. They also accumulate in meristematic regions, such as the 

apical meristem and root primordia, as well as in the vascular cylinder and within epidermal tissue. Thus in 

current study on root it may be presumed that they may express in meristematic region of root tissue under 

drought. 

EST (JK757205) shows homology with TGF-β receptor-interacting protein. The expression level of a 

eukaryotic translation initiation factor 3 subunit protein (eIF3I1) which is a homologue of mammalian TGF-β 

receptor-interacting protein, was also found in this study. Previous studies showed that eIF3I1/TGF-beta 

receptor-interacting protein 1 is involved in brassinosteroid-regulated plant growth and development, thereby 

revealing a putative link between a developmental signaling pathway and the control of protein translation 

(Jiang and Clouse, 2001). It is thought to play its role in the signal transduction cascade during the abiotic 

stress in plants. 

http://www.plantphysiol.org/content/148/1/6.full#ref-34
http://jxb.oxfordjournals.org/content/58/13/3591.full#ref-35
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Yeast SNF1 protein kinase, mammalian AMP-activated protein kinase (AMPK) and plant SnRK protein are 

highly conserved and play pivotal roles in growth and metabolic responses to cellular stress. EST (JK757432, 

JK757395) have high homology to the Arabidopsis SNF1 protein kinase. In yeast, SNF1 is involved in a 

variety of functions, including regulation of glucose-responsive genes, control of pseudohyphal growth under 

nutrient limitations (Cullen and Sprague, 2000). Current studies indicate that the SnRK2 (SNF-related protein 

kinase2) family is involved in hyper-osmotic stress responses and ABA signaling (Boudsocq et al., 2004, 

2007; Kobayashi et al., 2004). Under osmotic stress plants accumulate more solute like glucose and soluble 

sugars that ultimately signal to glucose responsive genes to cope with stress tolerance. 

EST (JK757774) shows significant homology with leucine zipper motif. In plants, basic region/leucine zipper 

motif (bZIP) transcription factors regulate processes including pathogen defense, signaling, seed maturation, 

and flower development (Jakoby et al., 2002). Gene transcription levels for proteins involved in signal 

transduction pathways such as transcription factors are altered by drought stress (Neill and Burnett, 1999; Uno 

et al., 2000; Bray, 2002). Studies on the role of abscisic acid in the dehydration response in vegetative tissues 

of Arabidopsis and barley have shown that this response is mediated by bZIP transcription factors (Uno et al., 

2000; Xue and Loveridge, 2003). 

EST (JK757477)  is homolog to Dehydration-responsive element binding protein (DREB)/C-repeat binding 

factor (CBF) that  function in abscisic acid (ABA)-independent gene expression, whereas the ABA-responsive 

element (ABRE) binding protein (AREB)/ABRE binding factor (ABF) regulon functions in ABA-dependent 

gene expression (Saibo et al., 2009). In addition to these major pathways, other regulons, including the NAC 

(or NAM, No Apical Meristem) and Myeloblastosis-Myelocytomatosis (MYB/MYC) are involved in abiotic 

stress-responsive gene expression.  

EST (JK757483) shows significant similarity with AtMYB 30 (Arabidopsis thaliana Myeloblastosis) and 

shown to be act in the brassinosteroid pathway controlling hypocotyls cell elongation (Raffaele 2008; Li et al 

2009). AtMYB60 and AtMYB96 act through the ABA signaling cascade to regulate stomatal movement 

(Cominelli et al 2005), and drought stress and disease resistance (Seo et al 2009), respectively. 

AtMYB44/AtMYBR1 regulates ABA-mediated Stomatal closure in response to abiotic stresses and three other 
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members of this subgroup (AtMYB70, AtMYB73 and AtMYB77/AtMYBR2) are likely to be associated with 

stress responses (Jung et al 2008). AtMYB102/AtM4 and AtMYB41 contribute to plant resistance against 

insects and probably affect dehydration after wounding (De Vos et al 2006). EST (JK757483) is assumed to 

play a significant role in abiotic stress response mechanism.  

EST (JK757372, JK757738) show significant homology with A.Thaliana Histidine kinase (ATHK1) transcript 

and that is most abundant in roots and is transcriptionally regulated by osmotic changes (Urao et al., 1999), 

suggesting a role for ATHK1 in osmotic stress followed by ABA regulation. 

EST (JK757671) is homolog to Ran GTPase. Ran is an abundant nuclear small GTPase (Drivas et al. 1990). 

Ran GTPase may be involved in the plant response to hormone or environment signalling. A decrease in ATP 

levels induced by oxidative stress causes a decrease in Ran-GTP levels and disordered Ran distribution 

(Yasuda et al. 2006). RAN probably acts as a mediator of signalling molecules in gravitropism (Kriegs et al 

2006). Little is known about how Ran GTPase works in regulating the cellular biological response of plants to 

cold stress. 

Plant cytochrome P450 monooxygenases are a group of redox proteins that catalyze various oxidative 

reactions (Isin and Guengerich 2007). It is proposed that cytochrome P450 monooxygenases mediate synthesis 

and metabolism of many physiologically important compounds. Steroids, fatty acids, lignins, terpenes, 

alkaloids, phenylpropanoids, and phytoalexins are examples of these primary and secondary compounds that 

act as plant defense agents against a range of diverse pathogenic microbes and insect pests (Durst and 

Keefe.1995; Persans et al 2001). EST (JK757230, JK757742) shows significant homology with Cytochrome 

P450 enzymes and is also thought to be involved in several biosynthesis pathways in leaf tissues of 

Arabidopsis and function as part of the highly sophisticated network of plant defense reactions (Schuhegger et 

al 2006). Gene expression analysis has revealed that most cytochrome P450 genes are strictly regulated in 

response to phytohormones (salicylic acid, jasmonic acid, ethylene and abscisic acid), pathogens (necrotrophic 

fungal pathogens Alternaria alternata and A. brassicicola), UV damage, heavy metal toxicity, mechanical 

injury, drought, high salinity and low temperatures (Narusaka et al 2004). Therefore, cytochrome P450 genes 

may be involved in plant defense responses to abiotic and biotic stresses.  

http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3040.2010.02225.x/full#b11
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3040.2010.02225.x/full#b49
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3040.2010.02225.x/full#b25
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3040.2010.02225.x/full#b25
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EST (JK757466, JK757751) show significant homology to auxin. Auxin is known to promote the entire 

process of lateral root formation. It plays a primary role in lateral root initiation (Dubrovsky et al., 2008). In 

contrast, under drought or osmotic stress conditions, the lateral root meristem activation is suppressed by 

ABA-mediated signals, producing fewer and shorter lateral roots (De Smet et al., 2003; Deak and Malamy, 

2005). Auxin is also involved in the meristem activity of the lateral roots, as has been shown with a mutation 

in the Aberrant Lateral Root Formation3 gene (Celenza et al., 1995). Lateral root growth is blocked after the 

emergence of the lateral root primordium in the mutant, which also occurs in the lateral roots of ABA-treated 

plants or of plants grown under drought conditions (De Smet et al., 2003; Deak and Malamy, 2005), 

suggesting that signaling cross talk occurs between ABA and auxin. It is generally believed that ABA 

regulates lateral root formation by modulating auxin signaling pathways (De Smet et al., 2003; Deak and 

Malamy, 2005). Thus EST (JK757466) is suggested to be play important role in root under drought tolerance. 

Ubiquitination (E1, E2, and E3 conjugates either single- or multiple ubiquitin) is a common regulatory 

mechanism in all eukaryotes and selectively targets a diverse range of substrates, including hormone receptors, 

light regulators, TFs, and damaged proteins for degradation by the 26S proteasome, and affects a range of 

cellular processes, such as hormone signaling, embryogenesis, photomorphogenesis, circadian rhythms, floral 

development, senescence, disease resistance, and abiotic stress responses (Yee and Goring, 2009). EST 

(JK757632, JK757641, JK757368) show similarity with ubiquitin (E3) in our studies and assumed in the 

activation of proteasome activation and in biological clock functions. 

The Arabidopsis thaliana HAL3 gene encodes for a flavin mononucleotide (FMN) binding protein (AtHal3) 

which upon over-expression in transgenic Arabidopsis plants produces an altered growth rate and improved 

salt and drought tolerance (Espinosa-Ruiz et al., 1999). EST (JK757281) is highly homolog to the Arabidopsis 

FMN and may play role in the osmotic or dehydration tolerance.  

EST (JK757646, JK757183) are highly similar to Arabidopsis WRKY transcription factor. WRKY proteins 

belong to the WRKY-GCM1 superfamily of zinc finger transcription factors that evolved from Mutator or 

Mutatorlike (Mule) transposases (Babu et al 2006; Marqeuz and Pritham 2010).Numerous studies have 

demonstrated that many WRKY genes behave strongly and rapidly induced expression when respond to 

http://www.plantphysiol.org/content/151/1/275.full#ref-14
http://www.plantphysiol.org/content/151/1/275.full#ref-9
http://www.plantphysiol.org/content/151/1/275.full#ref-8
http://www.plantphysiol.org/content/151/1/275.full#ref-8
http://www.plantphysiol.org/content/151/1/275.full#ref-7
http://www.plantphysiol.org/content/151/1/275.full#ref-9
http://www.plantphysiol.org/content/151/1/275.full#ref-8
http://www.plantphysiol.org/content/151/1/275.full#ref-9
http://www.plantphysiol.org/content/151/1/275.full#ref-8
http://www.plantphysiol.org/content/151/1/275.full#ref-8
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certain abiotic stresses, such as wounding, drought or salinity , indicating their regulatory function in these 

signaling pathways. Northern blotting analysis revealed that 10 of 13 OsWRKY genes differentially respond to 

NaCl, PEG, cold or heat treatment (Qiu et al 2004). The immediate-early expression behavior of WRKY genes 

assure the successful transduction of the signals to activate adaptive responses and regulation of stress-related 

genes, and finally result in plant stress tolerance. Furthermore, a single WRKY gene often simultaneously 

responds to several stress factors, indicating its diverse regulatory function during plant stress responses. 

AtWRKY25 and AtWRKY33 respond to both heat and salt treatments (Li et al 2009; Jiang and Dayholos 

2009) 

Plants also possess numerous calmodulin-like proteins (CMLs) that appear to have evolved unique functions. 

EST (JK757511, JK757184 and JK757421) is highly homolog to CMLs. Functional studies of CaM and CMLs 

in plants highlight the importance of this protein family in the regulation of plant development and stress 

responses by converting calcium signals into transcriptional responses, protein phosphorylation or metabolic 

changes. Several members of the Arabidopsis CML family have been found to be highly and/or early induced 

by abiotic stress factors such as drought, salt and osmotic stress, wounding and irradiation, but in most cases, 

experimental evidence for the roles of CMLs as regulators of stress tolerance is lacking. AtCML9 knockout 

mutants show an enhanced tolerance to drought and salinity stress, and a strong accumulation of branched-

chain amino acids (Magnan et al 2008). Accumulation of those amino acids is known to be induced by abiotic 

stress in order to provide an alternative carbon source during stress conditions (Joshi et al 2010). 

EST (JK757711) is highly related to Arabidopsis elongation factor TU. Protein synthesis elongation factor Tu 

(EF-Tu) is a protein that plays a central role in the elongation phase of protein synthesis in bacteria and 

organelles including mitochondria and plastids in plants. EF-Tu expression has been studied in several plant 

species in response to different environmental stresses including high and low temperatures, salinity, water 

deficit and pollutants. A recent study in winter wheat has shown that EF-Tu gene expression is up-regulated 

under heat stress conditions, and wheat cultivars that accumulate more EF-Tu protein display better tolerance 

to heat stress (Ristic et al 2008). Chung et al (2009) used subtractive suppression hybridization to isolate the 
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soybean EF-1α gene, SLTI100, which is induced by low temperature, high salt, or drought stress. The authors 

proposed that soybean EF-1α may play an important role in translation regulation during abiotic stresses.  

EST (JK757781) is highly analogous to MATE protein, these proteins are members of a large and complex 

family of transporters; functional members of this family were found first in prokaryotic organisms and later in 

eukaryotic organisms. MATE proteins have been implicated in the efflux of small organic molecules (Diener 

et al 2001), consistent with the physiological mechanism for sorghum aluminum tolerance based on 

aluminum- activated root citrate exudation (Magalhaes, 2003). 

In eukaryotes, the turnover rates of misfolded and damaged proteins as well as numerous regulatory proteins 

are controlled by the ubiquitin/26S proteasome system (UPS) (Dreher and Callis 2007; Smalle and Vierstra 

2004) EST (JK757368) is highly similar to 20s proteasome subunit (PAB1). Decreased proteasome activity 

also leads to the accumulation of damaged proteins and thus stress hypersensitivity. Elevated proteasome 

activity, at least theoretically, would enhance responsiveness of signal transduction pathways and increase 

stress resistance levels by accelerating the removal of damaged proteins. 

EST (JK757286) is linked to the Arabidopsis DNAJ heat shock N-terminal domain-containing protein. Hsp70 

(DnaJ)  chaperones, together with their co-chaperones (e.g. DnaJ/Hsp40), construct up a set of prominent 

cellular machines that support with a wide range of protein folding processes in almost all cellular 

compartments. Hsp70 has essential functions in preventing aggregation and in assisting refolding of non-native 

proteins under both normal and stress conditions (Hartl 1996; Frydman 2001).At least 12 Hsp70 members 

have been found in the spinach genome (Guy 1998). Expression profile analysis of the Arabidopsis and 

spinach Hsp70 genes demonstrated that members of Hsp70 chaperones are expressed in response to 

environmental stress conditions such as heat, cold and drought, as well as to chemical and other stresses (Lin 

et al 2001; Guy and Li 1998).  

EST (JK757733) is linked to receptor like kinase in Arabidopsis. Receptor-like kinase1 (RPK1), a Leu-rich 

repeat (LRR) receptor kinase in the plasma membrane, is up-regulated by ABA in Arabidopsis thaliana 

(Osakabe et al 2005). RPK1 is involved in the main ABA signaling pathway and in early ABA perception in 

Arabidopsis. 
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SERK (Somatic embryogenesis receptor like kinases) belongs to a small family of genes that code for a 

transmembrane protein involved in signal transduction and that have been strongly associated with somatic 

embryogenesis and apomixis in a number of plant species. EST (JK757644) is analogous to Arabidopsis. 

SERK. Recent studies substantiate its role in somatic embryogenesis and suggest a broader range of functions 

in plant response to biotic and abiotic stimuli (Santos and Aragão 2009).  

EST (JK757431, JK757326) is associated to Cyclin dependent kinases (CDK’s). CDK’s are core cell cycle 

regulators but their activity has been implicated in additional diverse cellular processes. Under biotic and 

abiotic stress, plant growth is negatively affected mainly as a result of cell cycle inhibition. Drought-stressed 

pea leaves displayed reduced rates of cell division and cell expansion, depending on the developmental stage 

of the leaves (Lecoeur et al 1995). Drought-stressed maize roots displayed longer (larger) meristematic cells 

suggesting that entry into mitosis is delayed, while the rate and zone of cell division were reduced at the root 

meristem (Sacks et al 1997). The decrease of mitotic activity following imposition of drought stress has been 

reported in root meristems (Robertson et al 1990; Bracale et al 1997).  

EST (JK757553, JK757787) are related to COP9 signalosome (CSN). Signalosome is involved in the control 

of multiple signaling processes in probably all eukaryotic organisms. For instance, in plants the CSN regulates 

a plethora of cellular processes including hormone signaling and development (Gusmaroli et al 2007; Feng et 

al 2003) cell cycle progression (Dohmann et al 2008), and stress responses (Hind et al 2011). 

EST (JK757494) is linked to DGK’s (Diacylglycerol kinases). These are members of a unique and conserved 

family of lipid kinases that catalyze the phosphorylation of DAG into PA. Phosphatidic acid (PA) has emerged 

as an important lipid second messenger in plants, being involved in a wide range of biotic (e.g. pathogens) and 

abiotic (e.g. osmotic, temperature) stress responses. Osmotic stress, in the form of drought or by treatment 

with mannitol or PEG, also generates PA via DGK although these responses look less severe than NaCl 

treatments and are usually slower. The down-stream responses for this PA increase are still unknown but in a 

screen for PA-binding proteins, two interesting protein kinases were found (Testerink et al 2004) which are 

known to be activated by osmotic stress and belong to the SNF-related protein kinase 2 (SnRK2) family 
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(Munnik et al 1999; Boudsocq et al 2004). Whether PA is involved in their activation and/or recruitment is 

still unknown. 

EST (JK757203) is alike Calreticulin (CRT) which is a highly conserved and ubiquitously expressed Ca2+-

binding protein in multicellular eukaryotes. CRT plays a crucial role in many cellular processes including Ca2+ 

storage and release, protein synthesis, and molecular chaperone activity. Increasing evidence also indicates 

that this protein is involved in the plant response to a variety of stress-mediated stimuli, for example, 

pathogen-related signaling molecules (Jaubert et al., 2002), and other stress factors (Sharma et al., 2004). 

However, the precise mechanism of CRT function in these plant cell processes, particularly in regulating stress 

response, remains to be fully ascertained. 

EST (JK757384) closely resemble SWI/SNF SWR1, these are multi-protein complexes with unique subunit 

compositions that regulate access to chromatin DNA by influencing the structure, type of histone variants and 

positioning of nucleosomes. In plants, differences in the chromatin distribution of major somatic H1s (Histone) 

and a ‘stress-inducible’ H1 variant have been reported (Ascenzi and Gantt, 1999). The drought-inducible 

variants of tobacco H1 play no role in male sterility linked to alterations in H1 variants (Przewloka et al 2002) 

but they have been shown to accumulate selectively in guard cells (Wigger 2000). These cells located in the 

leaf epidermis, which form stomatal pores, are key organs controlling transpirational water loss in plants. The 

stomatal pore opens when the guard cells are fully turgid and closes under conditions of turgor loss. 

EST (JK757456, JK757253) is exceedingly similar to Arabidopsis NAC proteins. These are plant-specific TFs 

which have been shown to function in relation to plant development and also for abiotic and/or biotic stress 

responses. Many NAC proteins, including Arabidopsis CUC2, have important functions in plant development. 

Some NAC genes are up-regulated during wounding and bacterial infection (Collinge and Boller, 2001; 

Hegedus et al 2003). Tran et al. (2004) studied that NAC proteins bind to a region containing the MYC-like 

sequence of the ERD1 promoter. The expression of these genes is induced by drought, high salinity, by the 

phytohormones ABA and methyl jasmonic acid.  

Recent studies also point to the involvement of dynamin related proteins playing a role in peroxisome division 

in plants. EST (JK757504) is substantially homolog of Arabidopsis dynamin related protein.Plant peroxisomes 
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proliferate during post germinative growth, when peroxisomal β-oxidation plays an essential role in the 

mobilization of storage lipid (Baker et al2006). Many peroxisomal activities generate superoxide or hydrogen 

peroxide (Nyathi and Baker 2006) as a result stresses including salt and drought result in abscisic acid (ABA) 

accumulate, which results in various protective and adaptive responses such as stomatal closure to limit water 

loss and changes in transcriptional and post transcriptional gene regulation (Zhu 2002).  

EST (JK757751) is closely related to Auxin. Auxin is a central hormone in regulating plant life. In roots, the 

auxin response maximum serves as a positional cue for cell fate determination and distal organization 

(Sabatini et al., 1999). The plant response to auxin involves the short-lived auxin/indole-3-acetic acid 

(Aux/IAA) proteins, the auxin response factors (ARFs), and the components of the protein degradation 

pathway (Dharmasiri and Estelle, 2004). ARFs bind to auxin response elements in promoters of early auxin 

response genes (Guilfoyle and Hagen, 2001). 

The really interesting gene (RING) zinc finger domain containing proteins are a group of regulatory proteins 

involved in zinc binding. EST (JK757272, JK757759) shows significant homology with RING zinc finger 

domain. Recently, microarray analysis of a large portion of the Arabidopsis genome revealed that expression 

of at least one RING zinc finger protein was induced in response to cold (Fowler and Thomashow 2002), 

indicating that other RING finger proteins may also be involved in regulation of cold and other environmental 

stress-induced gene expression. Recent characterization of a small number of plant RING zinc finger proteins 

revealed that they are involved in key biological processes of plants including seed development (Molnar et al. 

2002), pathogen defense (Guo et al. 2003, Serrano and Guzma´n 2004) and in one case, cold-responsive gene 

expression (Lee et al. 2001). 

EST (JK757372, JK757738) are closely similar to histidine kinase. The two-component signaling systems 

(TCS’s), which mediate the histidine- aspartate signaling, control diverse biological processes of numerous 

organisms, including cell division, cell growth and proliferation and responses to environmental stimuli and 

growth regulators. A great number of TCSs have been identified and characterized not only in many 

prokaryotic organisms but also in key plant species including A. thaliana, rice (Oryza sativa) and Lotus 

japonicas (Koretke et al 2000; Ishida et al 2009). Increasing evidence has indicated that the Arabidopsis TCS 

http://www.plosone.org/article/info:doi%2F10.1371%2Fjournal.pone.0009408#pone.0009408-Baker1
http://www.plosone.org/article/info:doi%2F10.1371%2Fjournal.pone.0009408#pone.0009408-Nyathi1
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pathways are involved in response to environmental stimuli, ethylene signaling, light perception, circadian 

rhythm and cytokinin (CK)-dependent processes which include shoot and root development, vascular 

differentiation and leaf senescence (Hwang et al 2002; Schaller et al 2008). 

Transparent Testa Glabra2 (TTG2) AtWRKY44, the first WRKY gene whose function was unequivocally 

determined, plays a key role in trichome development (Johnson et al 2002). EST (JK757683, JK757183) 

resembles the Glabra2. In roots, numerous Arabidopsis WRKY genes are expressed in a specifically localized 

domain, hinting that they have a specialized role in cell maturation (Birnbaum et al 2003). 

EST (JK757603, JK757170) show significant homology with bHLH (Helix loop helix) proteins. These are 

multigene family of transcription factors. More than 100 bHLH genes have been identified in rice and 

Arabidopsis thaliana genome respectively (Heim et al 2003). So far, compared with their animal orthologs, 

relatively few plant bHLH proteins have been functionally characterized in detail. Several rice studies 

investigated genes from this family playing distinct roles in stress response; examples are OsbHLH1 in cold 

response (Wang et al., 2003), RERJ1 in wound and drought response (Kiribuchi et al., 2005).  

The MADS-box family, identified primarily as floral homeotic genes, is one of the most extensively studied 

transcription factor gene families in plants (Arora 2007). EST (JK757722) is highly similar to Arabidopsis 

MADS protein family. The most striking feature of the MADS-box gene family is the diverse functions taken 

up by its members in different aspects of plant growth and development including flowering time control 

(Nam et al 2003). Different members of MADS family have been reported to be induced under drought stress 

in rice (Arora 2007).  

In plant cell many calcium sensors have been documented which include calmodulin (CaM) and calmodulin-

related proteins (Zielinski 1998; Luan et al 2002). EST (JK757511, JK757421) are highly related to 

calmodulin like protein. Various isoforms of CBL like CBL1 is found to be up-regulated in stress condition 

(Cheong et al 2003; Albrecht et al 2003). CBL’s (calcineurin B-like) protein particularly interact with a class 

of kinases known as CBL-interacting protein kinase (CIPKs) to transduce the signal via phosphorylation of 

downstream signaling components. 

http://www.sciencedirect.com/science/article/pii/S0176161709000522#bib33
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EST (JK757555) shows significant similarity with EMBRYONIC FLOWER (EMF) 1 gene. It has been shown 

to be necessary for maintenance of vegetative and floral development. In addition to the flowering and 

developmental process, other biological processes such as photosynthesis, hormone regulation and seed 

development are also affected by the emf1 mutation (Moon et al. 2003, Kim et al. 2010). Moreover, the 

regulation of developmental stage- or tissue-specific expression of EMF1 revealed that EMF1 functions in 

various tissues such as embryo, shoot apex and leaf primordia, and during the seed development and 

vegetative development stages (Sanchez et al. 2009).  

EST (JK757267) resembles to Plant Ca2+-ATPases. Ca2+ ATPases belong to the super family of P-type 

ATPases forming a Phospho-aspartate (hence P) enzyme intermediate during the reaction cycle. Plant genes 

have been identified from all five families of P-type ATPase (Axelsen and Palmgren 1998). ACA4 a type of 

Ca2+-ATPases is the first member of this subfamily for which a physiological function could be assigned; there 

is evidence that ACA4 might function in calcium signaling upon salt stress since modification of gene 

expression results in altered salt sensitivity.  

Members of the diverse and ubiquitous family of ATP-binding cassette (ABC) proteins are involved in the 

transmembrane transport of various molecules (Kang et al 2010; Kuromori et al 2010). EST (JK757612, 

JK757154, JK757308 and JK757222) are homolog to ABC. ABCG (ATP binding cassette G) transporters 

have rather diverse functions. OsPDR9 plays a role in the response to abiotic stress in Oryza (Moons 2003). 

ABCG full transporter genes also have been identified as being involved in volatile compound production and 

rhizosphere signaling (Crouzet et al 2006; Sugiyama 2006). A. thaliana penetration 3/ABCG36 participates in 

pathogen defense, the removal of cadmium, the transport of an auxinic metabolite, root hair development, and 

cotyledon expansion (Strader and Bartel 2009). 

EST (JK757557) belong to class of PDR (Pleiotropic drug resistance) transporters which have a wide range of 

expression patterns, indicating their involvement in many different biological processes, including biotic and 

abiotic stress responses (Martinoia et al., 2002). 

http://www.sciencedirect.com/science/article/pii/S0005273600001310#BIB13
http://www.plantcell.org/content/23/5/1958.full#ref-38
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Sugar transporters are thought to function in the transport of sugars through plasma membranes and tonoplast 

to adjust the osmotic pressure under stress conditions. EST (JK757777) is homolog of sugar transporter and 

seems to play an important role in osmotic potential.  

EST (JK757136) is related to Arabidopsis translocase inner membrane subunit. 28 proteins were studied in 

stress tolerance (late embryogenesis abundant proteins), nutrient reservoir activity, among other proteins 

implicated in various cellular processes potentially related to the stress response (e.g., mitochondrial import 

translocase) (Farinha et al 2011). 

EST (JK757351) shows significant homology with ACBPs (acyl CoA binding proteins). These are implicated 

in acyl-CoA trafficking in many eukaryotes and some prokaryotes. Recent investigations have revealed these 

ACBPs can influence plant development including early embryogenesis and leaf senescence, as well as plant 

stress responses including heavy metal resistance, oxidative stress, freezing tolerance and pathogen resistance 

(Xiao and Chye 2011).  

EST (JK757604) reveals high homology with Plasma membrane proton pumps (PM H (+)-ATPases). PM H 

(+)-ATPases are involved in several physiological processes, such as growth and development, and abiotic 

stress responses. The major regulators of the PM H (+)-ATPases are proteins of the 14-3-3 family, which 

stimulate its activity. In addition, a novel interaction partner of the AHA1 PM H (+)-ATPase, named StPPI1 

(proton pump interactor, isoform 1), was studied in solanum tuberosum during tuber development and abiotic 

stresses (García et al 2011).  

Tonoplast intrinsic protein (TIP) is a subfamily of the aquaporin (AQP), also known as major intrinsic protein 

(MIP) family, and regulates water movement across vacuolar membranes. EST (JK757540) shows close 

homology with tonoplast intrinsic protein. Some reports have implied that TIP genes are associated with plant 

tolerance to some abiotic stresses that cause water loss, such as drought and high salinity (Wang et al 2011). 

Energy-dependent Na+ transport (i.e. against a concentration gradient) across plant cell membranes 

(plasmalemma and tonoplast) is usually coupled to the proton (H+) electrochemical potential established by 

H+-translocating pumps (Blumwald et al., 2000; Gaxiola et al., 2002). EST (JK757319, JK757495) is homolog 

of Arabidopsis Cation/H+ exchanger.  H+ transport across these membranes increases with salt treatment and 
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may be attributed both to pump activation and enhanced transcription (Hasegawa et al., 2000). Over 

expression of the vacuolar Na+/H+ antiporter and H+-pyrophosphatase pump (H+-PPase) has resulted in 

enhanced plant tolerance to both salinity (Apse et al., 1999) and drought stress (Gaxiola et al., 2001; Park et 

al., 2005).  

Small GTP-binding signal transduction proteins are present in eukaryotes including yeast, plant and animal 

cells. They comprise a super family which includes proteins that function as molecular switches, cycling 

between “active” and “inactive” states (Ma 2007). EST (JK757726, JK757273) shows significant homology 

with GTP binding nuclear protein. Small GTP-binding genes play a crucial regulatory role in a number of 

cellular processes in both plants and animals, such as vesicle-mediated intracellular trafficking, signal 

transduction, cytoskeletal organization, and cell division (Rutherford, and Moore 2002).Differential expression 

of small GTP-binding proteins has been previously reported in various abiotic stresses. Specifically, Rab genes 

were found to be expressed differentially in response to drought, salinity, aluminum stress, and ABA 

application (Mirzae et al 2012). 

EST (JK757183, JK757683) show similarity with Transparent Testa Glabra1 (TTG1) locus regulates several 

developmental and biochemical pathways in Arabidopsis, including the formation of hairs on leaves, stems, 

and roots, and the production of seed mucilage and anthocyanin pigments (Walker et al 1999). 

EST (JK757701, JK757522) show homology with DOF1 (DNA binding with one finger) that might serve as 

an activator of transcription, whereas DOF2 may act as a tissue-specific repressor (Yanagisawa and Sheen, 

1998). Little is known about the role of the DOF-type TFs in mediating abiotic stress responses. Recently, 

AtDOF4;2 was shown to be involved in the regulation of phenylpropanoid metabolism in a cold-specific 

manner (Skirycz et al., 2007), indicating that DOF-type TF’s can mediate abiotic stress responses. 

Recent studies have also shown that the clock is more thoroughly integrated with other signaling pathways 

than previously suspected. At least one-third of the plant genome is under circadian regulation. EST 

(JK757435) is related to CCA1-11/LHY-21. Double mutation of CCA1/LHY-21 resulted in impaired freezing 

tolerance in both non acclimated and cold-acclimated plants. This indicates that CCA1/LHY-mediated output 

http://onlinelibrary.wiley.com/doi/10.1002/pmic.201100389/full#pmic7010-bib-0054
http://onlinelibrary.wiley.com/doi/10.1002/pmic.201100389/full#pmic7010-bib-0055


168 
 

from the circadian clock contributes to plant cold tolerance through regulation of the CBF cold-response 

pathway (Dong et al 2011). 

EST (JK757750) is homolog of AGAMOUS-Like 15 (AGL15) encodes a MADS-domain transcription factor 

that is preferentially expressed in the plant embryo, and can function as a regulator in embryonic 

developmental programs. Somatic embryos can be induced by stresses such as osmotic, heavy metal ion, 

drought, and cold (Ikeda et al., 2006). It is interesting to note that several genes regulated by AGL15 appear to 

be involved in stress responses (S. Perry and C. Zhu, 2005). 

EST (JK757636, JK757644) resemble with BRs (Brassinosteroids).BR is responsible for regulation of 

numerous genes expression, impact the activity of complex metabolic pathways, contribute to the regulation of 

cell division and differentiation, and help control overall developmental programs leading to morphogenesis. 

BRs also were shown to mediate abiotic and biotic stresses, including salt and drought stress, temperature 

extremes and pathogen attack (Krishna, 2003; Sasse, 2003). More recently BRs have also been demonstrated 

to control organ differentiation (Gonzalez-Garcia et al., 2011; Hacham et al., 2011). 

Cyclophilins are ubiquitous proteins with an enzymatic activity of peptidyl-prolyl cis-trans isomerase (PPIase), 

which play an important role in a variety of stress responsiveness (Que et al 2011). EST (JK757194) is related 

to cyclophilins. These are required in various proteins to execute different kinds of physiological processes, 

with a striking feature of various expression modes in response to different abiotic or biotic stresses (Sharma 

and Singh, 2003; Opiyo and Moriyama, 2009). 

RNA-binding proteins (RBPs) in eukaryotes have crucial roles in all aspects of post-transcriptional gene 

regulation. They are important governors of diverse developmental processes by modulating expression of 

specific transcripts. EST (JK757190, JK757580) has significant homology with RBP’s (RNA binding 

proteins). RBP’s act as regulators of RNA processing and/or stability for mRNAs that are highly expressed 

during stress conditions. This in turn would lead to the accumulation of stress-related proteins and the 

secondary metabolites having protective function (Lorković 2009). 

EST (JK757664) shows close homology with root hair morphogenesis. Progressive drought stress induced 

changes in root morphogenesis: from a threshold plant water deficit, the new emerging roots remain short, 
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hairless and often take a tuberized shape in Arabidopsis thaliana root base while drought persists (Gastelier 

and Vartanian 1995).  

Plant hormones and sugars are also involved in the regulation of shoot senescence. Elevated soluble sugars are 

known to repress the expression of photosynthesis associated genes, in a process where hexokinase are 

involved in sugar sensing (Smeekens 1998). EST (JK757502) show significant homology with Arabidopsis 

thaliana hexokinase and may play an important role in the accumulation of soluble sugars. 

EST (JK757494) belongs to the family of diacyglycerol kinases. DGK’s (diacylglycerol kinases) are members 

of a unique and conserved family of intracellular lipid kinases. The major task of DGK in plants is related to 

PA (Phosphatidic acid) generation in response to biotic challenges, such as microbial elicitation, and abiotic 

stress, including chilling, salts, drought and dehydration (Meijerand Munnik, 2003; Ruelland et al 2002). DGK 

derived PA levels also accumulate during different developmental processes, including root elongation 

(Gomez-Merino et al 2005). 

EST (JK757477) has significant homology with Abscisic acid (ABA).  It plays a crucial role in abiotic stress 

response apart from its influence on growth and development of a plant. Abscisic acid binding factor 1 (ABF1) 

gene in Arabidopsis is required for seedling establishment during winter. ABF1 is also involved in regulating 

seed dormancy and seed germination to some extent (Sharma et al 2011).  

Another important family of Ca2+ sensor proteins is referred to as Calcineurin B-like (CBL, also known as 

SCaBP, Skin Calcium Binding Protein) proteins (Xu et al., 2006). EST (JK757508) is closely related to CBL 

protein. The CBL proteins with necessary NAF domains facilitate the CIPKs (CBL-Interacting Protein 

Kinases) to activate the kinase activity to transduce calcium signals by autophophorylating or phosphorylating 

downstream components to mediate Ca2+ signaling functions (Cheong et al., 2007; Batistic et al., 2008). Many 

reported Arabidopsis CBL and CIPK genes could be induced by abiotic stresses and ABA (Berridge et al., 

2003; Pandey et al., 2004). 

EST (JK757703) closely resembles with NADP-ME (Nicotinammide adenine dinucleotide phosphate malic 

enzyme).  It is widely distributed in plant, which mainly appear in mitochondria, chloroplast and cytoplasm 

(Edwards and Andreo, 1992; Detarsio et al.2003). It can catalyze the oxidative decarboxylation of malate to 
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produce pyruvate, CO2 and NADPH under metallic ion (Mg2+, Mn2+ etc.) (Edwards and Andreo, 992). 

Therefore, it is one of the critical enzymes in malate metabolism, which play an important role in plant 

development. Because of the function of NADP-ME in malate metabolism and photosynthesis, the NADP-ME 

plays an important role in anti-drought. Expression of NADP-ME gene is induced by drought to resist drought 

(Wu et al., 2008). 

EST (JK757329) is highly homolog to Arabidopsis MSI1 (Multi copy suppressor 1). MSI1 has fundamental 

functions in plant development. MSI1 can bind to the chromatin of the drought-inducible downstream target 

RD20 and suggest a new role for MSI1 in the negative regulation of the Arabidopsis drought-stress response 

(Alexandre et al 2009).  

EST (JK757689) closely related with Shikimate kinase. It catalyzes the fifth reaction of the shikimate 

pathway, which directs carbon from the central metabolism pool to a broad range of secondary metabolites 

involved in plant development, growth, and stress responses (Fucile et al 2008). 

Water stress has been shown to have many influences on plant nitrogen metabolism (Beevers, 1976): nitrate 

reductase activity decreases with drought stress (Smith and Thompsons, 1971); ammonium ion transport is 

slowed significantly by water stress (Boggess and Stewart, 1976). EST (JK757725) closely resembles with 

ammonium transporter. The buildup of nitrate ion and the significant build up of ammonium ion in the roots 

point out that the inhibition of nitrate reductase and ammonium ion transport by water stress found in 

agricultural plants is possibly a wide spread phenomenon occurring also in a native plant which has evolved 

adaptations to an environment with frequent droughts. 

EST (JK757484) has high homology with F-box proteins. F-box as a subunit of SCF (Skp1/Cullin or 

CDC53/F-box protein) E3 ubiquitin ligases (Deshaies, 1999), have been shown to play essential roles in plant 

growth and development, including multiple phytohormone-signaling pathways, such as auxin and ethylene 

production (Moon et al., 2004). 

EST (JK757628) shows homology with PP2Acs (Protein phosphatases, catalytic subunit). PP2Acs have been 

described in several plant species; there are only a few detailed reports on temporal expression patterns of 

http://www.plantphysiol.org/content/148/4/2121.full#ref-7
http://www.plantphysiol.org/content/148/4/2121.full#ref-33
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PP2Acs in response to abiotic stress. OsPP2A-1, but not OsPP2A-3, is also highly expressed in roots under 

drought stress (Xu et al 2007). 

EST (JK757625) is closely related to Tetratricopeptide-Repeat Thioredoxin-Like 1 (TTL1).TTL1 causes 

reduced tolerance to NaCl and osmotic stress that is characterized by reduced root elongation, disorganization 

of the root meristem, and impaired osmotic responses during germination and seedling development in 

Arabidopsis thaliana (Rosado et al 2006).   

EST (JK757776) is close homolog of Tudor SN protein. TSN (Tudor SN) proteins are characterized by four 

staphylococcal nuclease-like domains (SN), followed by a Tudor domain inter-digitated with a fifth, C-

terminal SN domain. The RNA binding protein Tudor-SN is essential for stress tolerance and stabilizes levels 

of stress-responsive mRNA’S encoding secreted proteins in Arabidopsis (Frey et al 2010). 

EST (JK757163, JK757182) show close resemblance with Arabidopsis ankyrin repeat. An ankyrin repeat-

containing gene has been named AKR (Arabidopsis Ankyrin Repeat), and the protein it encodes has been 

designated AKRP (Arabidopsis Ankyrin Repeat Protein) (Zhang et al., 1992). The major role of plant ANK 

repeat proteins is related to signaling in defense (Cao et al., 1997) and development mechanisms (Hemsley et 

al., 2005). The ANK repeat containing protein may be involved in the regulation of anti-oxidation metabolism 

by both disease resistance and stress responses (Yan et al., 2002). 

EST (JK757785, JK757219) show significant homology with zinc finger protein type. Plant ZPT (Zinc finger 

protein type) proteins have one to four fingers each and can be classified according to the number of fingers. 

Two-fingered protein genes, here called ZPT2- related genes, constitute the major class of the ZPT type family 

genes. A subset of the ZPT2-related protein subfamily might be involved in the water stress response at the 

level of transcriptional regulation (Sakamoto et al., 2000). In petunia, ZPT2-2 was induced by low temperature 

and dehydration, wounding, and UV-B (van der Krol et al., 1999). 

EST (JK757253) shows close homology with nascent polypeptide-associated complex subunit α-like protein. 

NAC-α-(nascent associated complex aplha) like protein 3 is involved in protein sorting and translocation by 

preventing mis-targeting of nascent polypeptide chains to the endoplasmic reticulum (Rospert et al., 2002). 
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Salt-induced changes in polypeptide synthesis are often more pronounced in the root compared with the shoot 

(Guilick and Dvorak, 1987). 

EST (JK757263) is highly linked to arm repeat domain containing protein. Proteins with Arm repeat domains 

are known to mediate a number of different cellular processes including signal transduction, cytoskeletal 

regulation, nuclear import, transcriptional regulation, and ubiquitination (Samuel et al 2006). ABF2 (Abscisic 

acid binding factor 2) and ARIA (Arm repeat domain I A) expression increases following salt or ABA 

treatment, and both proteins are localized to the nucleus, though ARIA can also be observed at the plasma 

membrane (Kim et al., 2004a). 

PAP’s (Plastid lipid associated protein) play an important general role in the sequestration of hydrophobic 

molecules, a process that may be essential for plant survival under stress. EST (JK757761) shows significant 

homology with plastic lipid associated protein. The accumulations of PAP’s in plastids as well as the 

biogenesis of structures that sequester hydrophobic compounds are accelerated by various stresses (Murphy, 

2004). 

S locus protein is class of one of Serine/ threonine RPK’s (receptor protein kinases) An S-locus receptor-like 

kinase gene (SFR2) from Brassica was recently shown to be inducible by both wounding and pathogen 

infection (Pastuglia et al. 1997). 

Receptor kinases are typically composed of an extracellular ligand binding domain, a transmembrane domain, 

and a cytoplasmic kinase domain. EST (JK757733, JK757717) show close homology with receptor like 

protein kinases. In plants, a diverse group of cell surface receptor-like protein kinases (RLK’s) play a 

fundamental role in sensing external signals and regulating gene expression responses at the cellular level 

(Stone and Walker, 1995; Lease et al., 1998). 

EST (JK757644) shows significant similarity with Somatic embryogenesis receptor-like kinase (SERK) gene 

is hypothesized to play an important role in plant embryogenesis induction (Hecht et al. 2001). The gene 

encodes a protein that belongs to the receptor-like kinase (RLK) protein family (Schmidt et al. 1997). The 

SERK protein is responsible for signal transduction, carrying an external leucine-rich repeat (LRR) domain 
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that is typically found in this class of proteins (Shah et al. 2001). SERK gene is induced by different stress 

signalling molecules, such as benzothiadiazole, jasmonic acid and abscisic acid (Hu et al. 2005). 

EST (JK757733) shows close similarity with Arabidopsis brassinosteriods. Brassinosteroids (BRs) are a group 

of naturally occurring plant steroids and are important for a broad spectrum of cellular and physiological 

processes, including stem elongation, pollen tube growth, leaf bending, root inhibition, fruit development, 

ethylene biosynthesis, proton pump activity, xylem differentiation, photosynthesis, and gene expression (Yu et 

al., 2004; Fu et al., 2008). Recent studies have identified several other components in the BR signaling 

pathway (Nam and Li, 2002; Mora-García et al., 2004), including BAK1 (for BRI1-associated receptor kinase 

1). 

EST (JK757372, JK757738) is closely related to histidine kinases (HK’s). These are multifunctional proteins 

with auto kinase, phosphotransferase, and phosphatase activity during the phosphorelays of histidine-to-

aspartate (His-Asp) (Hagiwara et al., 2004). AHK5 was predominantly expressed in roots of Arabidopsis, and 

further that AHK5 histidine kinase regulates root elongation through an ETR1 (ethylene receptor 1) dependent 

abscisic acid signaling pathway (Iwama et al., 2007). 

EST (JK757169) is closely related to Glutathione S-transferases. These proteins believed to play an important 

role in protecting plants from various environmental stresses such as plant diseases and pesticides.  

Glutathione S-transferase attaches lipid hydroperoxides, which are harmful compounds that are generated in 

plants exposed to various stresses such as drought and pathogen invasion. Two glutathione S-transferase 

proteins have been purified from sorghum that has the ability to detoxify lipid hydroperoxides (Plaisance and 

Gronwald 1999). These proteins might play an important role in protecting plants from toxic lipid 

hydroperoxides that are formed under drought stress conditions. 

Recent advances have revealed the complex physiological functions of cytokinins, including interactions with 

auxin and other signal transduction pathways. EST (JK757738) is highly similar to Arabidopsis ortholog 

cytokinin. Highlights focus on the integration of cytokinin signaling components into regulatory networks in 

specific contexts, ranging from molecular, cellular, and developmental regulations in the embryo, root apical 



174 
 

meristem, shoot apical meristem, stem and root vasculature, and nodule organogenesis to organismal responses 

underlying immunity, stress tolerance, and senescence (Hwang et al 2012). 

EST (JK757209) highly resembles with aenylate kinase. Adenylate kinase signaling is an integrated metabolic 

monitoring system which reads the cellular energy state in order to tune and report signals to metabolic 

sensors. The dynamics of adenylate kinase-catalyzed phosphotransfer regulates multiple intracellular and 

extracellular energy-dependent and nucleotide signaling processes, including excitation-contraction coupling, 

hormone secretion, cell and ciliary motility, nuclear transport, energetics of cell cycle, DNA synthesis and 

repair, and developmental programming (Dzeja and Terzic 2009). 

EST (JK757716) shows homology with ATM (ataxia-telangiectasia mutated), ATR (ataxia-telangiectasia and 

RAD3 related) and TOR (target of rapamycin). These are known to be involved in DNA damage, repair, 

translation and cell cycle progression in mammals and yeast, while TOR has been shown to be involved with 

nutrient and hormone signalling in several organisms including plants (Hawkesford and Wray 2000). 

FtsH proteins constitute a small family of membrane-bound zinc metalloproteases containing an ATPase 

domain. EST (JK757485) seems to be homolog of FtsH protein. In Arabidopsis, two of the nine chloroplast-

targeted FtsHproteases have been shown to play a role in the repair of PSII after oxidative damage (Sakamoto 

et al., 2003). The decreased abundance of FtsHprotease under water stress suggests that drought-sensitive 

plants may have reduced ability to repair damage to polypeptide during stress (Xu and Huang 2010). 

EST (JK757099, JK757757) shows significant homology with DEAD-box RNA helicases. These comprise a 

large protein family with members from all kingdoms and play important roles in all types of processes in 

RNA metabolism (Matthes et al., 2007). Several DEAD-box RNA helicase genes were indeed identified from 

genome-wide expression profiling analysis, suggesting that these genes might be stress regulated (Kant et al., 

2007). STRS1 and STRS2 were shown to be down-regulated by multiple abiotic stresses, for example salt, 

drought, and heat stress, but they both attenuated abiotic stress tolerance (Kant et al., 2007). 

In plants, GATA DNA binding motifs have been implicated in light-dependent and nitrate-dependent control 

of transcription (Reyes et al 2004). EST (JK757181) shown to be homolog of GATA DNA transcription 

factor.  



175 
 

ARR (Arabidopsis response regulator) 18 is reported to be one among the differentially expressed type-B 

response regulators upon stress and analysis of seed developmental stages identified ARR18 as an early seed 

specific gene (Veerabagu 2011).  

EST (JK757483, JK757670, JK757682) show high homology with MYB (Myeloblastosis) TFs. These are 

composed of one, two, or three imperfect helix-turn-helix repeats that recognize the major groove of DNA 

(Yanhui et al., 2006). MYB TFs have been implicated in a variety of plant-specific processes, including cell 

morphogenesis, secondary metabolism, cell differentiation, and stress responses (Lippold et al., 2009; Ma et 

al., 2009). Expression analysis of StMYB1R-1 indicated that it is positively regulated under drought-stress 

conditions, prevents water loss and enhances hypersensitivity to ABA-Induced stomatal closure in potato (Shin 

et al., 2011). 

Arabidopsis CPSF30 (cleavage and polyadenylation specificity factor) protein in the post transcriptional 

control of the responses of plants to stress, and in particular to the expression of a set of genes that suffices to 

confer tolerance to oxidative stress (Zhang et al., 2008). 

Genes in the CCCH family encode zinc finger proteins containing the motif with three cysteines and one 

histidine residues. They have been known to play important roles in RNA processing as RNA-binding proteins 

in animals. Most members of this subfamily are regulated by abiotic or biotic stresses, suggesting that they 

could have an effective role in stress tolerance (Wang et al 2008). 

Ferredoxin NADP+ oxidoreductase (FNR) enzymes catalyse electron transfer between ferredoxin and 

NADPH. FNR protein isoforms reported to be significant in response to the physiological parameters of 

chloroplast maturity and oxidative stress in wheat. (Moolna and Bowsher., 2010). 

Cyclic electron flow (CEFI) has been proposed to balance the chloroplast energy budget, but the pathway, 

mechanism, and physiological role remain unclear. Increase in CEF1, presumably reflecting increased 

chloroplast ATP demand, reported upon imposing environmental stresses, such as drought (Jia et al., 2008). 

NADP ME (Malic enzyme) is critical enzymes in malate metabolism, which play an important role in plant 

development. It can keep osmotic potential of cell, stabilize pH of cytoplasm and keep balance the ion 

absorption (Detarsio et al., 2003). Expression of NADP-ME gene is induced by drought to resist drought (Wu 

http://www.plantcell.org/content/22/1/221.full#ref-32
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et al., 2008). The leaf stoma is closed because of drought stress, which would decrease the content of malate in 

cell and raise the NADP-ME activity. 

Differentialy expressed potential drought tolerant ESTs 

Eight (08) clones (JK757669, JK757677, JK757583, JK757657, JK757736, JK757172, JK757645 and 

JK757674) 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 cDNA microarray platform. Eight Clones 

(JK757668, JK757717, JK757654, JK757682, JK757671, JK757725, JK757747, and JK757706) have 

homology with Gossypium species and other plants in NCBI Genebank.These known homolog of G. arboreum 

found to be differentially expressed in cotton root under drought stress. 

Clones (JK757669, JK757677 and JK757583) found to have no homology with any of EST, nr and protein in 

NCBI database but their role is presumed in the abiotic stress. These clones were found to be differentially 

expressed in cotton root. Clone (JK757172) is thought to play it role in transport under drought stress. Clone 

(JK757657) differentially expressed as novel sequence and noted to play its role in plant developmental 

processes. Clone (JK757736) found no similarity in any of EST, nr and protein database and it reflects its 

function in cell organization and biogenesis. Clones (JK757657, JK757669) may function as a transcription 

factors.  

Microarray differentially expressed clones JK757668, JK757717, JK777654, JK777583, JK777677, JK777682 

and JK777671 were confirmed to be higher in lateral roots and lower expression in primary roots at the same 

time. TAIR database homology showed that these clones act as alcohol dehdrogenase, ammonium transporter, 

yeast CCR4 associated factor, MYB like transcription factor, Shaggy like protein kinase, absicissic acid 

responsive element binding factor and diacylglycerol kinase.Ultimately these kinases and response factors in 

turn intiate early and late responsive drought tolerant genes in cotton roots.  

Clones JK757717, JK757747, JK757706, JK757736, JK757725 and JK757682 were confirmed to be higher in 

primary roots and at the same time lower expression was confirmed in lateral roots. These clones functions as 

histidine kinase protein, mitochondrial ATP synthase beta subunit, early dehydration induced gene, like auxin 

resistant, ERD six like 1, ammonium transporter and diacylglycerol kinase. These in turn response to zinc ion 
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bionding transporter activity, response to osmotic (water deprivation) stress and response to absicissic acid 

stimulus during the seed, root and seedling development stage in water deficit condition.   

As abiotic stresses is becoming the major problem for the whole world and especially the developing countries 

like Pakistan. So it is need of time to produce stress tolerant crops with modified plant architecture which have 

the ability to cope under biotic and abiotic stresses. The present study reports identification of Twenty (20) 

drought expressed transcripts through microarray in cotton (G. arboreum) root. These novel findings will help 

to develop stress tolerant cotton varieties in Pakistan. 
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APPENDICES 

APPENDIX-I 

 RNA extraction buffer  

Hexadecyltrimethylammonium bromide (CTAB)    2%   

Polyvinylpyrrolidone (PVP)      2% 

Tris HCl (pH8)                  100 mM 

EDTA        25mM 

Spermidine        5g/L 

Mercaptoethanol       2% 

NaCl        2M 

APPENDIX II 

SSTE buffer 

NaCl                     1M 

SDS                    0.5% 

Tris HCl (pH: 8)       10mM 

EDTA (pH: 8)                  1mM 

APPENDIX III 

TAE buffer (50X) 

Tris base         242g 

Glacial acetic acid       57.1ml 

O.5M EDTA (pH: 8)       100ml 

APPENDIX IV 

T.E. Buffer 

10mM Tris-HCl 

1.0mM EDTA 

APPENDIX V 

Cell Resuspension Solution (Solution 1) 

Tris HCl (pH.8)       25mM 
EDTA        10mM 
Glucose       50mM 
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APPENDIX VI 

Cell Lysis Solution (Solution 2) 

NaOH        0.2M 
SDS        1% 
 
APPENDIX VII 

Neutralization Solution (Solution 3) 
  3M Potassium Acetate (pH 3.8) 

 APPENDIX VIII 

Pre hyb buffer (100 ml).  

5 X SSC                                                                25 ml 20 X SSC 

0.1% SDS                                                   1 ml 10% SDS 

1% BSA                                                   1 g  BSA   (Sigma A-9647) 

fill to 100 ml. 

APPENDIX IX 

2X Hybridization buffer: 

50% Formamide                                                        5 ml 

10X SSC                                                         5 ml 20X SSC 

0.2% SDS                                                        200 ul 10% SDS 
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