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GENERATION AND CHARACTERIZATION OF ESTs 

3. 1 Review of literature 

Studies on the molecular basis of stress responses were started after the observation 

of altered puffing pattern in Drosophila polytene chromosome with the changes of 

temperature. It revealed that under heat shock conditions protein profile was 

altered. Thereafter, it was found in plants too where heat shock conditions induce 

comparable alterations in protein profile (Grover et al. 2001 ). It has now been an 

established fact that stress tolerance in plants is a genetically complex event based 

on activation and regulation of specific stress related genes (Wang et al. 2003). 

Unlike biotic stress, abiotic stress response is a multigenic trait and the molecular 

mechanism is more difficult to understand. There are cascades of gene networks 

that are involved in stress perception, signal transduction, transcriptional control 

and scavenging of ROS (Vinocur and Altman 2005). A number of genes get turned on 

during stress by increasing the levels of several metabolites and proteins to fight 

against the cellular damages. However, various genes get differentially regulated 

under different abiotic stress conditions (Vandez and Sharma 2008). 

3.1.1 Abiotic stress associated genes and genetic mechanisms 

Research into the plant response to abiotic stress is becoming increasingly important 

due to global climate change. Genes involved in the complex mechanisms of abiotic 

stress responses can broadly be categorized in three groups (Wang et al. 2003). 

3 .1. 1.1 Signaling cascades and transcriptional control 

Genes involved in signaling cascades are /'M.P kinases, SOS kinases, Phospholipases, 

MyC etc. and genes involved in transcriptional control are HSF, C-repeat binding 

factor/dehydration responsive element binding protein (CBF/DREB), ABA responsive 

element binding factor I ABA responsive element (ABF I ABRE) families (Shinozaki and 

Yamaguchi-Shinozaki 2007) etc .. 



37 

3.1.1.2 Heat shock proteins and chaperons 

These genes are involved in controlling the proper folding and conformation of 

structural and functional proteins. It includes heat shock proteins and chaperons 

including the LEA proteins (Vinocur and Altman 2005). Heat shock proteins are 

mostly encoded by nuclear genes and located in cytoplasm, mitochondria, 

chloroplast and endoplasmic reticulum (Grover et al. 2001 ). In broad sense, hsp 

genes can be categorized in two groups on the basis of their expression: i) heat 

shock cognates (hsc) or constitutively expressed and ii) strongly induced under heat 

stress (hsp) (Vierling 1991 ). Low molecular weight HSPs and HSP70 are the 

extensively studied and well charaterized hsp genes. The nucleotide sequence and 

structural features of the hsp genes are found conserved (Singla et al. 1997, Vierling 

1991 ). 

3.1.1.3 lon and water transport 

These genes are involved mainly in water and ion uptake and their transport. The 

aquaporin and different transporter genes are of this category. Aquaporin is a large 

group of protein family including more than 150 membrane channel proteins which 

are involved in complex and regulated water transport within the plant in order to 

adapt with different environmental conditions (Maurel 2007). They are present in 

the plasma membrane and tonoplast to control the water flux into and out of a 

cytosol or vacuole (Kaldenhoff and Eckert 1999). It contributes to changes in turgor 

or cell size. It increases the transmembrane water flux when the rapid translocation 

of large volumes is required and diffusional water flow across the lipid bilayer is 

insufficient. They belong to a well-conserved and ancient famiLy of proteins called 

the major intrinsic proteins (MIPS) with molecular weights in the range of 26-34 kDa 

(Zhao et al. 2008a). For example, Arabidopsis thaliana aTIP, oTIP (tonoplast 

intrinsic protein), Nkotiana TobRB7 and Mesembryanthemum MIP-A are of this 

category. There are some examples of aquaporin which expressed differentially 

during stress condition. For example, yTIP and rTIP in Arabidopsis, members of the 

Craterostigma PIP family (plasmamembrane intrinsic proteins) and Oryza rTIP have 

shown up-regulation during drought stress (Kaldenhoff and Eckert 1999). 
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3.1.2 Drought stress associated genes and their regulation 

Plant induces a series of physiological and biochemical responses under drought like 

that of other abiotic stresses. Hence, drought stress associated genes are involved 

with diverse functions such as stomatal closure, repression of cell growth, 

photosynthesis, protection against oxidative damage etc. (Fig. 3.1 ). These genes are 

either induced or repressed under drought conditions (Shinozaki et al. 2003) through 

ABA independent or dependent regulatory pathways (Shinozaki and Yamaguchi

Shinozaki 1997). 

3.1.2.1 ABA independent pathways 

There is a network of genes that are involved in the regulation of drought and other 

abiotic stress related gene's expression (Fig. 3.2). Two major cis-acting elements, 

ABRE and ORE/CRT present in the promoter region of drought, salinity and cold 

inducible gene, RD29AI COR78! L T/78 are involved in the expression of stress 

inducible gene. However, ABRE and ORE/CRT are involved in both ABA-responsive 

and ABA independent gene expression under abiotic stress (Shinozaki and 

Yamaguchi-Shinozaki 2007). C8FIDRE81 and DR£82 genes of ERF/AP2 family 

transcription factors are induced by abiotic stress and may activate other genes 

involved in cold and drought stress tolerance (Liu et at. 1998). C8FIDRE81 increased 

cold, drought and salt tolerance and was found by overexpressing the genes in 

transgenic Arabidopsis plant. This gene is induced rapidly and transiently under 

abiotic stress (Liu et al. 1998). DR£82 increased drought tolerance level in 

transgenic Arabidopsis through the trans-activation of stress inducible genes 

(Sakuma et al. 2006). DREB2 protein gets activated in the early stage of dehydration 

stress through its post-translational modification (Shinozaki and Yamaguchi -Shinozaki 

2007). ERD1 gene response to dehydration through ABA-independent pathway and 

was found to be up-regulated during senescence (Nakashima et al. 1997). Recently, 

DNA binding proteins interacting with the cis-acting element of ERD1 promoter was 

identified as NAC domain transcription factor (Tran et al. 2004). 
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Fig. 3.2: Transcriptional regulatory networks of drought as well as other abiotic stress 

signals (Shinozaki and Yamaguchi-Shinozaki 2007). 
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3.1.2.2 ABA dependant pathways 

An ABA mediated signal is required for the activation of AREB/ ABF proteins. ABRE is 

a major ds-acting element in ABA responsive pathway (Uno et al. 2000). This 

phenomenon is probably due to the ABA dependant phosphorylation of the AREB/ ABF 

proteins (Shinozaki and Yamaguchi-Shinozaki 2007). Overexpression of ABF3 

improved drought tolerance in transgenic Arabidopsis (Kang et al. 2002). MYC and 

MYB transcription factors are synthesized following the accumulation of endogenous 

ABA that enhanced plant's tolerance to drought stress (Abe et al. 2003). RD22 gene 

is induced by ABA under drought stress following the ABA dependant pathway for 

protein biosynthesis (Shinozaki and Yamaguchi-Shinozaki 2007). RD26 gene which 

encodes a NAC transcription factor is also induced by drought, high salinity, ABA and 

by JA treatments. Recently, it was found that RD26 mediates between ABA signaling 

and JA signaling during drought and wounding stress responses (Fujita et al. 2004). 

3.1.3 Importance for studying tree genomics 

Completion of genome projects for the model and other various plant species as well 

as the development of various genetic, genomic, and biochemical tools offer many 

possibilities to challenge the unknown biological questions. Small physical size, rapid 

generation time, straight-forward genetics, high fecundity and small genome size 

are the reasons for Arabidopsis being chosen as a model plant for research. Although 

this greatly facilitates functional studies, most plant species have different 

reproductive strategies that make Arabidopsis a genetic extreme. Rice, a model 

species for studying monocotyledonous plant species, is an important crop and has a 

high degree of synteny with other cereal plant genomes, such as maize, wheat, 

barley and other grasses. This is because their genomes share a considerable 

similarity in their sequence and organization (Buell et al. 2005). However, the much 

accelerated life cycles of Arabidopsis and rice also make many traits that are 

essential in many (or most) plants unimportant such as wood formation and 

seasonality of growth. Trees represent an opposite extreme to Arabidopsis both 

physiologically and genetically with long life spans, generation times and woody 

perennial growth habits. Thus, Populus offers a new model system to study an 

expanded repertoire of biological processes that better represent the breadth of 
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plant biology (Jansson and Douglas 2007). Development of Populus as a model 

system for tree and woody perennial plant biology has been largely driven by the 

completion of a draft sequence of the Populus trichocarpa (black cottonwood) 

(Tuskan 2006) genome and the rapid development of genomic and molecular biology 

resources for this genus. However, Populus is still in nascent stage to be used as a 

model plant species for studying tree genomics and Arabidopsis remains as the 

choice for many plant biologists for comparative transcriptome analysis. Tea is an 

important plantation crop in several countries worldwide. However, there were no 

reports of comprehensive and comparative genomic analysis of this important cash 

crop. 

3.1.4 Techniques for transcriptome analysis 

In the last two decades, there is a huge development in the field of genomics. It 

leads to the understanding of gene expression, organization and its relationship to 

stress tolerance (Perez-Torres et at. 2009). Identification and characterization of 

differential gene expression from tissues subjected to stress has gained much 

attention in plant science research. Recognition of genes or genetic elements 

involved in response to a particular stress enhances the possibiLity of promoting crop 

improvement through direct genetic modification. Analysis of transcripts expressed 

in different tissues has been enormously facilitated by the development of PCR. 

Several different techniques have been established to reveal differential transcripts 

such as differential display (Liang and Pardee 1992), cDNA-AFLP (Vos et al. 1995), 

microarray (Zhao et al. 2006), SAGE (Powell 2000) and SSH (Diatchenko et al. 1996). 

3.1.4.1 Subtractive hybridization 

This technique is based on re-association kinetics of nucleic acids. Here, cDNAs of 

two different samples are hybridized in order to isolate the differential genes. 

Transcripts expressed in both the tester (target sample) and driver (sample to be 

subtracted) would form an mRNA/cDNA hybrid molecule, whereas a eDNA sequence 

unique to the tester would remain single-stranded. Single and double-stranded 

molecules were separated using hydroxylapatite chromatography, and the eluted 

single-stranded eDNA represented differentially expressed genes in tester. The 
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isolated eDNA can be cloned or directly used as probes for screening libraries. This 

method was first described in the early 1980s for the purpose of creating eDNA 

libraries and generating probes of differentially expressed genes. Since then, it has 

been modified by several workers, using biotin tags (Welcher et al. 1986) or oligo 

(dT) 30-latex (Hara et al. 1991 ), PCR amplification to decrease the initial amount of 

mRNA required and to improve the cloning efficiency of selected transcripts (Hara et 

al. 1991 ). Later, this technique was designed to selectively amplify differentially 

expressed transcripts by suppressing the amplification of abundant transcripts and 

known as SSH technique (Diatchenko et al. 1996). SSH technique is now widely used 

for the purpose of identifying differentially expressed genes on a global scale. 

3. 1.4. 2 Advantages of SSH techniques 

Suppression subtractive hybridization is a PCR-based eDNA subtraction method 

(Diatchenko et al. 1996). It is used to selectively amplify differentially expressed 

target eDNA fragments and simultaneously suppress the non -target DNA 

amplification. This subtraction method overcomes the problem of differences in 

mRNA abundance by incorporating a hybridization step that normalizes (equalizes) 

sequence abundance during the course of subtraction by standard hybridization 

kinetics. Hence, there is no requirement of any intermediate step(s) for physical 

separation of single stranded and double stranded cDNAs and only one subtractive 

hybridization round is required through which greater than 1 000-fold enrichment for 

differentially expressed cDNAs can be achieved. Furthermore, the subtracted eDNA 

mixture can be used directly as a hybridization probe for screening recombinant DNA 

libraries and thereby chromosome-specific and tissue specific expressed sequences 

can be identified. 

Due to the above cited advantages of SSH technique and its recent success of 

identifying differentially expressed genes in plants (Xiong et al. 2001, Park et at. 

2004, Way et at. 2005, Cairney 2006), this techinique was applied for the present 

investigation. 
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3. 1. 5 Transcriptome analysis of woody plants: ESTs as a strategy 

Expressed sequence tags are short and single-pass sequence reads from mRNA 

(eDNA). They are created by sequencing the 5' and/or 3' ends of randomly isolated 

gene transcripts that have been converted into eDNA (Adams et al. 1991 ). They 

represent a snapshot of genes expressed in a given tissue and/ or at a given 

developmental stage (Chen et al. 2005). A typical EST represents only a portion (-

200-900 nt) of a coding sequence and this partial sequence data is of substantial 

utility. Expressed sequence tags collection is a relatively quick and inexpensive 

route for discovering new genes, confirming coding regions in genomic sequence, 

creating opportunities to elucidate phylogenetic relationships, facilitating the 

construction of genome maps and providing the basis for the development of 

expression arrays also known as DNA chips (Alba et at. 2004). They help us to 

understand easily about the genes involved in plant's growth, differentiation, 

secondary metabolism and biochemical pathways as well as responses to pathogen 

and environmental stress (Chen et al. 2005). 

Generation and characterization of ESTs have been used as a strategy for 

transcriptome analysis in various crop plant species such as rice, wheat, maize, 

grape, apple and citrus. It has been studied basically for gene identification and 

characterization (Way et al. 2005, Clement et al. 2008, Reddy et al. 2008, Fukuoka 

et al. 2010), expression and comparative studies (Rodrigues et al. 2009, Lata et al. 

2010, Gao et at. 2008, Ewing et al. 1999), germplasm characterization (Bhat et al. 

2005, Sharma et al. 2009) as well as for genome mapping and analysis (Lazo et al. 

2004, Aggarwal et al. 2007). There are more than 10 million ESTs available in dbEST 

(http:/ /www.ncbl.nlm.nih.gov/dbEST) from various crop plant species by 7th May, 

2010. However, the NCBI database has very little sequence information from woody 

perennial crop plant species compared to the large-scale single pass sequence 

entries from annual crop plants. Although similar to annuals in many biochemical 

pathways, perennials are unique in the fact that they posses long generation times. 

Without short cycle reproduction as an escape mechanism, perennials have evolved 

alternative survival mechanisms to pathogen attack and environmental stresses. The 

study of these alternate strategies by way of functional genomics will greatly 

increase the understanding of biochemical changes underlining stress responses in 
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perennials (Bausher et al. 2003). A summary of EST studies in woody plants is 

provided in Table 3.1. 

A brief discussion is given here on transcriptome analysis of woody plants by EST as 

an approach:-

Shelton et at. (2001) identified 454 clones from a eDNA Library of flush growth 

Melaleuca alternifolial, an Australian native tree with monoterpene-rich essential 

oil. The homology searching of these ESTs revealed similarity with enzymes like 

cycloartenol synthase, limonene synthase, transcription factors and photosyntheis 

related proteins. A total of 5% of these ESTs were involved directly with secondary 

metabolite production. This study illustrates the utility of ESTs as a new method for 

bio-prospecting of secondary metabolites from simple plant tissues. 

Kohler et al. (2003) presented a large-scale production of ESTs from roots of the 

hybrid cottonwood, Populus trichocarpa x deltoids. The eDNA libraries were 

generated from the roots of 2-month-old rooted cuttings and 2.5-month-old 19 d 

water-stressed cuttings. The partial sequences obtained from 7013 clones were 

assembled into 1347 clusters and 3527 singletons. This set of ESTs represented 4874 

unique transcripts expressed in roots. Putative function was assigned to 3021 (62%) 

transcripts. There was a significant portion of ESTs which encoded proteins of 

common metabolic pathways related to energy (5%) and metabolism (8%). Six 

percent of the total ESTs were involved in signaling pathways and hormone 

metabolism, while 4% encoded for transporters and channels. They studied the 

changes in aquaporins and transporter transcripts during adventitious root's 

development. 

Bausher et al. (2003) reported around 6443 numbers of high quality ESTs from a 

eDNA library of immature sweet orange (Citrus sinensis) seedling. Of these, a total 

of 2272 ESTs (35%) significantly matched with known proteins, 1457 ESTs (23%) 

matched with unknown proteins and 1619 ESTs (25%) with proteins of putative 

functions. The remaining 1095 ESTs (17%) did not match with any protein sequence 

which found in the public databases. The abundant ESTs (6.0% of total) were of 

photosynthetic proteins chl alb binding, plastocyanin and ribulose-1 ,5-bisphosphate 



Table 3.1: A snapshot of EST analysis in woody plants 

Plants 

Poplar (Populus 

trichocarpa X 

P. deltoides) 

Cycads (Cycas 

rumphii) 

Tea (Camellia 

sinensis) 

Tissue 

Root 

Leaf 

Leaf 

Total ESTs Unigenes (C+S)* 

8808 4874 (1347+3527) 

4200 2458 (1917+ 541) 

588 nr 

Remarks 

Two libraries made from the adventitious root 

of well-watered and 19 d water stressed 

plants (2-month-old cuttings), respectively for 

understanding the processes of water & nutrient 

uptake as weU as interactions with rhizosperic 

micro-organisms; analysed the transcript abun

dance of genes in water and nutrient absorption 

using microarray; aquaporin and different trans

porter found differentially expressed. 

One library constructed from immature leaves 

(accession 808/59 A) of this ancient seed plant. 

Identified related ESTs of angiosperms & gymno· 

sperms; identified and analysed GLR-like gene 

& their synthesis associated genes. 

References 

Kohler et al. 2003 

Brenner et al. 2003 

One SSH library was constructed from leaf sample Park et al. 2004 

for traping the genes involved in secondary meta

bolism; identified several important metabolism 

related genes. 



Tea (Camellia Shoot 1684 nr One library was constructed from tender shoots Chen et al. 2005 

sinensis) of Longjing variety for studying the gene expre-

ssion pattern; identified several important genes. 

Tea (Camellia Leaf 420 nr One SSH library was constructed from cold Wang et al. 2008 

sinensis) treated Leaf sample. 

Tea (Camellia Root 5115 3482 (901 +2581) One library was constructed for root transcript- Zhao et al. 2008b 

sinensis) tome analysis. 

Taxus (T. Cultered cells 8424 3563 (nr) One library was constructed from the cultured Jennewein et al. 2004 

cuspidata) T. cuspfdata cells induced for taxoid biosynthesis 

using methyl jasmonate; revealed 12 defined 

genes of Taxol biosynthesis, yielded cDNAs encoding 

two previously uncharacterized cytochrome P450 

taxoid hydroxylases, and provided candidate genes 

for aU but one of the remaining seven steps of 

taxol biosynthesis. 

Conifers Leaf, Pollen 18693 8391 (5373+3018) Eight libraries constructed from different tissues of Ujino-lhara et al. 2005 

( Cryptomeria Bud, Seed/ C. japonica and one from cambium and surrounding 

Japonica; Pollen cones tissues of C. obtusa and generated two sets of ESTs 

Chamaecyparis Cabbium (12791 and 5902, respectively) for identifying 

obtusa) Tissues lineage spedfic genes of conifers; identified 6% 

unique ESTs homologs to other conifers and 70% 

homologs to angiosperms. 

Grape (VWs Bud, Leaf 146075 - 25746 More than 58 eDNA libraries constructed from Silva et al. 2005 



vinifera) Stem, different tissues at different developmental 

Petiole, stages and stresses from different species; 

Flower, identified 665 differentially expressed trans-

Berry, cripts across 19 libraries; revealed expected 

Root etc. associations between plant developmental stages 

with tissue types, with an exception of abiotic 

stress treatments. 

Madagascar Leaf, Root 9814 5013 (3317+ 1696) Two libraries constructed from the base part Murata et al. 1006 

periwinkle (composed of the petiole, including 1/3 of the 

( Catharanthus leaf) of young leaves (1.5 em), and of root tips 

roseus) (3-10 mm in Length), respectively; identified 8 

MIA biosynthesis related genes for the first time. 

Papaya (Carica Fruit 1171 817 (117+710) Two libraries constructed from the fruit tissue Devitt et al. 1006 

papaya) during developmental stages (immature green, 

mature green, of four 15% colour break and 

complete skin colour break) from Taiwanese 

Tainung Hybrid and Australian Hybrid respect-

tively, identified 14 significant fruit ripening 

related ESTs. 

Oak (Quercus Bud 801 233 (137+96) Three libraries constructed and generated Derory et at. 2006 

petraea) 403, 206 and 191 sequences from the early, 

late and quiescent stages of bud burst, 

respectively; identified 133 differentially 

expressed unique transcripts during bud burst. 



Rubber tree Latex tissue 10040 3441 (1380+2061) One library was constructed from the latex Chow et al. 2007 

(Hevea of 15 year-old trees (done RRIM 600); 

brasiliensis) identified numbers of ESTs related to rubber 

biosynthesis and stress or defence responses; 

revealed nine variants of rubber particle 

membrane protein (RPMP) including rubber 

elongation factor and small rubber particle 

protein. 

Cassava Leaf, stem, 18166 8577 (3194+5383) Two libraries constructed from pooled samples Lokko et al. 2007 

(Manihot petiole, of dehydration-stressed and control well-

esculent a Root watered tissues of cassava genotype, TME117; 

Crantz) meristem uncovered a wealth of putative drought-

responsive genes. 

Sweet Leaf 19200 12449 (7814+4635) Two libraries constructed from the leaves of Souza et at. 2007 

orange (strain 9a5c) tolerant 'Ponakan' and susceptible 

(C. sinensis, 'Pera lAC' sweet orange, respectively; identi-

X C. fastidiosa fied 172 differentially expressed genes through 

& C. reticulata) in silica differential display. 

Blackberry Leaf 3000 2382 (301 +l081) One library constructed from the leaf tissue of Lewers et aL 2008 

(Rubus sp.) Merton Thornless cultivar; detected 673 SSRs 

and tested 33 primer pairs in two cultivars, of 

which ten showed average 1. 9 polymorphic PCR 

products. 

Eucalyptus Leaf 8737 4941 (1062+3879) One Hbrary constructed from leaves of three Rasmussen et al. 2008 



(f. globules) months old plants treated at 4°C for 30 min. 

It provides an initial model for genes and 

regulatory pathways involved in cell-wall 

biosynthesis at low temperature. 

Pine (Pinus Xylem tissue 6389 3304 (952+2352) Six developing xylem eDNA libraries constructed Li et at. 2009 

radiate) from earlywood and latewood tissues sampled 

at juvenile (7 years), transition (11 years) and 

mature (30 years) ages, respectively; many 

genes involved in celt-wall biosynthesis and trans-

cription factors in wood formation were 

identified; relative expression of genes at 

different stages of wood formation were also 

identified. 

Mulberry Leaf 958 664 (147+517) One library constructed from the leaf of K2 Lal et al. 2009 

(Morus variety; obtained important ESTs like vacuolar 

indica) Na+/H+ antiporter, aquaporins, LEA, RD22, 

dehydrins and HAL3. 

Peach (Prunus Fruit 10847 6278 (1413+4865) Five libraries were constructed from mesocarp Vecchietti et al. 2009 

persica) and epicarp tissues of peach fruit at four 

ripening stages from Bolero, OroA and Suncrest 

genotypes; indicates the volatile metabolism 

genes in the skin of fruit. 

Tree peony flower bud 2241 1300 (363+937) One library was constructed from flower Shu et al. 2009 

(Paeonia bud at different developmental stages; 



Sutfruticosa) 

Ginkgo 

(Ginkgo 

biloba) 

Leaf 2039 

*(C+S):(contigs + singlets), nr :::; not reported 

1437 (249+1188) 

identified 185 putative SNPs and 176 putative 

SSRs. 

One library constructed from mature leaf of Wang et al. 201 Ob 

female Ginko (Hunan Meihe cultivar) for the first 

time; identified many ESTs similar to photo-

synthesis, secondary metabolism,and stress-

response. 
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carboxylase, low molecular weight heat shock proteins, peroxidases, Lipid transfer 

and metallothionein-like proteins which might play a role in the growth and 

development of citrus plants. 

Cycads are ancient seed plants endured over 270-280 million years (Mamay 1969). A 

total of 4200 ESTs were generated from Cycas rumphii by Brenner et al. (2003). The 

ESTs were clustered into 2458 unigenes comprising 1917 contigs 541 singletons, of 

which 1764 had low-stringency in BLAST similarity to other plant genes. Among those 

cycad contigs 1718, 1310 and 734 genes were similar to angiosperms, gymnosperms 

and lower non seed plants, respectively. They successfully purified cycad EST for a 

GLR-like gene and ESTs potentially involved in the synthesis of the GLR agonist 

BMAA. This study of cycad EST uncovered conserved and potentially novel genes. 

Furthermore, the presence of a glutamate receptor agonist, and glutamate 

receptor-like gene in cycads, supports the hypothesis that such neuroactive plant 

products are not merely herbivore deterrents but may also serve a role in plant 

signaling. 

Bhat et at. (2005) generated 500 ESTs from the leaves of low moisture-stressed 

plants of robusta coffee variety 'C x R' (a commercial interspecific hybrid of Coffea 

congensis and C. canephora) for surveying SSR motifs (minimum repeat length of 15 

nt) ultimately to develop EST -SSR markers. The primer pairs were designed for 14 

such identified ESTs. Thus, the validation studies demonstrated the potential utility 

of the EST -SSRs for genetic analysis of coffee germplasms. 

Jennewein et al. (2004) generated ESTs from cultured taxus (T. cuspidata) cells 

after 16 h treatment with methyl jasmonate as an elicitor of taxol production. A 

total of 10176 clones were randomly sequenced that generated 8424 numbers of 

quality ESTs which produced 3563 unique transcripts after clustering. This library 

was used successfully in the isolation of several genes of taxoid metabolism 

including six cytochrome P450 taxoid hydroxylases and five acyl and aroyl CoA-

dependent transferases. 

Devitt et al. (2006) generated a total of 1171 ESTs to identify genes involved in 

papaya (Carica papaya L.) fruit ripening. The ESTs were generated from the 
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randomly selected clones of two independent fruit eDNA libraries derived from 

yellow and red-fleshed fruit varieties. Homology search of ESTs revealed significant 

similarity with the fruit softening, aroma and colour biosynthesis related genes. The 

most abundant sequences were of chitinase, ACC oxidase, CAT and methionine 

synthase genes. 

To identify and characterize lineage-specific genes of conifers, Ujino-lhara et al. 

(2005) generated two sets of ESTs from Cupressaceae species namely, Cryptomeria 

japonica and Chamaecyparis obtusa with 12791 and 5902 ESTs, respectively. After 

clustering the ESTs of corresponding Libraries, they were collapsed into 5373 and 

3018 unique transcripts, respectively. The ESTs were compared with non -redundant 

sets of genes generated from Pinaceae species, other gymnosperms and 

angiosperms. The analysis revealed that about 6% of the tentative unique genes of 

C. japonica and C. obtusa had homology with other conifers but not with 

angiosperms, and about 70% had apparent homologs in angiosperms. These studies 

revealed that GC content of orthologous genes are likely to be lower than those of 

angiosperms. Comparative results of the numbers of homologous genes in each 

species suggest that copy numbers of genes may be correlated between diverse seed 

plants. It suggests that the multiplicity of such genes may have arisen before the 

divergence of gymnosperms and angiosperms. 

Silva et al. (2005) reported the analysis and annotation of 146075 ESTs from Vitis 

species mostly from Vitis vinifera. This huge number of sequences estimated 25746 

unique sequences which were generated from various tissues, developmental stages 

and during biotic as well as abiotic stresses. Out of these sequences, 17752 unique 

transcripts were homolog to putative proteins and 1962 transcripts were subdivided 

into different functional categories. A simple structured vocabulary was developed 

to describe the relationship between individual EST and eDNA libraries keeping the 

modules for plant genotype, plant development, and stress that facilitate data 

mining within the context of a relational database. Searching of enzymes leading 

from glycolysis through the oxidative/non-oxidative pentose phosphate pathway, 

and into the general phenylpropanoid pathway, 65 enzymes out of 77 were 

identified and where 86% of enzymatic steps were represented by paralogous genes. 

A total of 665 differentially expressed transcripts were identified across 29 eDNA 
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libraries which represented a range of developmental and stress conditions. An 

association between plant developmental stages and tissue types with an exception 

of abiotic stress was also studied. In case of flower and berry development, total 87 

differentially expressed transcripts were identified. This combined data set reveals 

hundreds of genes in V. vinifera, the majority of which have not been previously 

studied within this species. 

Apple (Malus domestica) becomes the model fruit bearing crop plants for studying 

different traits such as pest resistance and abiotic stress resistance. Newcomb et al. 

(2006) collected more than 150000 ESTs from 43 different eDNA libraries 

representing 34 different tissues and treatments. These sequences were produced a 

set of 42938 non redundant sequences comprising 17460 tentative contigs and 25478 

singletons after clustering. 

Cairney et aL (2006) generated 68721 ESTs from four eDNA libraries of zygotic and 

somatic embryos of loblolly pine (Pinus taeda L.). The ESTs clustered into 5274 

contigs and 6880 singlets for a total of 12154 non -redundant sequences. A total of 

9189 sequences showed a putative homolog against the non-identical amino-acid 

database. Finally, to assess similarities between angiosperm and gymnosperm 

embryo development, the ESTs were examined for putative homologs of angiosperm 

genes implicated in embryogenesis. Out of 108 angiosperm embryogenesis-related 

genes, 83 homolog genes were reported in pine suggesting that pine contains similar 

genes for embryogenesis like other angiosperm and gymnosperm. 

In order to identify genes that expressed differentially during the quiescent and 

active stage of bud development, Derory et at. (2006) generated 801 numbers of 

ESTs from three eDNA libraries of bud tissue during early, late and quiescent stages 

of bud burst of sessile oak (Quercus petraea). The ESTs produced 233 unigenes 

comprising 137 contigs and 96 singlets. They carried out the gene expression levels 

for six stages of bud burst using 233 unique genes through colony array hybridization 

that was evaluated by reverse-northern blotting using eDNA macroarrays. The 10 

most regulated genes were quantified through real-time PCR. These differentially 

expressed genes were reported as relevant candidates for signaling the pathway of 

bud burst in trees. 
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Murata et al. (2006) constructed two eDNA libraries from young leaves and root tips 

of Madagascar periwinkle (Catharanthus roseus) which is well-known for the 

production of anticancer agents, vinblastine and vincristine. For the first time, they 

reported 9824 random clones which yielded 3327 related sequences and 1696 

singletons after sequencing and analysis. They assigned putative functions to 3663 

clones from 5023 non-redundant ESTs and identified 8 functionally characterized 

monoterpenoid indole alkaloids (MIA) biosynthesis genes in leaf base and root to 

establish a resource for transcriptome analysis and gene discovery of this important 

medicinal plant. 

Miyama et al. (2006) reported 14842 ESTs from burma mangrove (Bruguiera 

gymnorrhiza). They constructed five different eDNA libraries from leaves and roots 

of 4-10 month-old seedlings either treated with NaCl, hormones, mannitol or 

dehydration for studying the mechanism of plants adaptation to adverse 

environmental conditions. After analysis, the ESTs produced 6943 numbers of unique 

genes. Homology searches showed that 4339 (62.5%) transcripts had a similarity with 

known proteins. Of these, functions of 2074 genes were assigned. On the basis of 

EST frequency in each eDNA library, expression profiles were generated that 

suggested the co-expression and organ specific gene regulation in mangrove. 

Further, it was believed that a specific mechanism exists in halophytes like 

mangrove for coping up in the adverse environmental conditions and CL3 and CL10-2 

gene families were supposed to be involved in that mechanism. 

Natural rubber is commercially produced from Hevea brasiliensis. In order to analyse 

the latex biosynthetic pathway, specifically rubber biosynthesis related genes, 10040 

numbers of ESTs were generated (Chow et at. 2007). After assembly, the ESTs 

collapsed into 3441 unique transcripts including 1380 contigs and 2061 singlets, of 

which 73.8% showed similarity with the genes of unknown function. A significant 

proportion of highly abundant ESTs found homolog to proteins with rubber 

biosynthesis and stress or defence responses. Around 12% of the ESTs were found 

homolog with rubber particle membrane proteins comprising three families. The 

characterization of these ESTs revealed nine rubber particle membrane protein 

(RPMP) variants including the 14 kDa REF (rubber elongation factor) and 22 kDa SRPP 

(small rubber particle protein). Moreover, comparative sequence analysis revealed 
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that RPMP are highly similar with the sequences having stress-related functions in 

the plant kingdom. 

Souza et al. (2007) constructed two eDNA libraries from leaf tissues of sweet orange 

Pera lAC (Citrus sinensis L. Osb.) and mandarin 'Ponakan' (C. reticulata Blanco) 

which are highly susceptible and tolerant to X. fastidiosa respectively for studying 

the genetic responses to the presence of the said bacterium. A total of 19200 EST 

sequences were generated, of which 17695 met Phred quality standard score of 20 

or above. After assembling, the sequences generated 7814 contigs and 4635 singlets. 

A total of 152 differentially expressed genes due to the infection of X. fastidiosa 

were identified through in sWco differential display. 

Cassava (Manihot esculenta Crantz) is a staple food and it has been increasingly used 

as an industrial crop for starch production. For understanding the drought tolerance 

in cassava, Lokko et al. (2007) generated 18166 ESTs from a normalized eDNA library 

prepared from dehydration stressed and well-watered tissues (control). Analysis of 

the ESTs produced 8577 unique gene comprising 5383 singletons and 3194 contigs. 

Around 63% of the unigenes were assigned to functional categories while 11% of 

them found homologous to hypothetical genes with unclear functions. The rest 26% 

were considered as novel transcripts. The library uncovered numerous ESTs with 

recognized roles in drought-responses, including those that encode LEA proteins 

thought to confer osmoprotective functions during water stress, transcription 

factors, heat-shock proteins as wett as proteins involved in signal transduction and 

oxidative stress. The unigenes were screened for short tandem repeats for further 

development as microsatetlite markers and finally identified a total of 592 clusters 

contained 646 repeats representing 3.3% of the ESTs queried. This is the first 

transcriptome studies in cassava for drought tolerance and the unigene set can be 

utilized for the development of microarrays as well as for gene-derived molecular 

markers to further dissect the basis of drought tolerance in cassava. 

Lewers et al. (2008) reported the first eDNA library of blackberry (Rubus L.) 

constructed from expanding leaf tissue. A total of 18432 clones were produced from 

Merton Thornless cultivar, a progenitor of many thornless commercial cultivars. 

Finally, 3000 genes were reported that assembled into 301 contigs and 2081 
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singletons. The ESTs were mostly involved with energy, metabolism, cells structure 

and defense metabolism. A total of 673 numbers of putative SSRs were detected in 

the EST set, of which 33 SSRs tested for amplification in two blackberry cultivars. 

Ten of them detected an average of 1. 9 polymorphic PCR products. 

Rasmussen et al. (2008) reported 8737 ESTs from the most important biofuel plant, 

Eucalyptus globules (Jones et al. 2002, Grattapaglia 2004). A eDNA library was 

constructed from E. globules seedlings subjected to low temperature stress. Finally, 

9913 randomly selected clones generating 8737 curated ESTs. The sequence 

assembly produced 1062 contigs and 3879 singleton forming a unigene set of 4941. 

After BLASTx analysis, 89.3% of the contigs and 88.5% of the singlton revealed 

similarity to known genes. 

Tree peony (Paeonia suffruticosa Andrews), a woody deciduous shrub is an 

important medicinal and ornamental plant. Shu et al. (2009) constructed a eDNA 

library from flower buds of different developmental stages. A total of 2241 ESTs 

have been generated through unidirectional sequencing that resulted in a total of 

1300 unigenes comprising 363 contigs and 937 singletons. The unigenes were 

categorized into 13 broad families with biological roles according to the simHar 

functional characteristics. Finally, a total of 185 putative single nucleotide 

polymorphism and 176 numbers of putative EST-SSR were identified. 

Vecchietti et al. (2009) reported five different eDNA libraries of peach (Prunus 

persica L. Batsch) constructed from two different fruit tissues (skin and mesocarp). 

A total of 10847 high quality ESTs were generated which produced 6278 numbers of 

unique transcripts including 1413 contigs. Finally, 21858 numbers of ESTs from the 

public database were analysed alongwith their in-house ESTs that produced 17858 

unique transcripts, of which 70.8% was assigned to putative functions. The analysis 

of the frequency of genes putatively involved in the metabolism of some volatiles 

revealed a predominant presence of those in the skin of peach fruit. 

Pinus radiata D. Don is a commercial plantation tree in Australia and several other 

countries; however, there are a very less resources in the genomic database. Li et 

al. (2009) constructed six xylem eDNA libraries from the earlywood and latewood 
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tissues sampled at juvenile (7 years), transition (11 years) and mature (30 years) 

ages, respectively. They generated a total of 6389 numbers of high quality ESTs for 

studying the genes involved in wood formation. After assembly, a total of 3304 

unigenes including 952 contigs and 2352 singletons was produced. It was found that 

about 97.0% ESTs and 96.1% of the unigenes have matches in the UniProt and TIGR 

databases. More than half of the 5952 ESTs have matches in the Pfam database and 

represent 772 known protein families. About 18.0% of the 5952 ESTs matched cell 

wall related genes in the MAIZEWALL database, representing all 18 categories, 91 of 

all174 families and possibly 557 genes. The cell wall-related genes and transcription 

factors were identified. 

Mulberry (Morus indica) is the host plant of silkworm. Hence, the elite clone of the 

species is vital for the sericulture industry. However, there is a Lack of molecular 

information for improving the plant through genetic engineering. Lat et al. (2009) 

reported the construction of a eDNA library from the mature leaf of mulberry based 

on Universal PCR amplification method. A total of 1500 randomly selected clones 

were sequenced from the leaf eDNA library of M. indica var. K2. Further the ESTs 

were assigned to functional categories with protein metabolism (15%), transport 

(8%), stress related proteins (9%), energy (5%), and photosynthesis (4%). Around 22% 

of the total ESTs did not show any significant homology with known proteins. This 

study revealed a large number of genes encoding enzymes involved in various 

secondary metabolites in mulberry. 

Senthil et al. (201 0) reported 1047 and 1 034 numbers of ESTs from leaves and roots 

of Withania somnifera (Ashwgandha), respectively. The libraries were constructed 

from an in vitro cultured 2-months-old plant. The ESTs represented 48.5% and 61.5% 

unique sequences, respectively comprising 239 and 230 contigs. The unigenes were 

functionally classified, of which about 70% encoded proteins found similar to 

characterized or annotated proteins. The identified genes were of mostly 

photosynthesis (cytochrome p-450), pathogenesis (arginine decarboxylase, chitinase) 

and withanolide biosynthesis (squalene epoxidase, COP-ME kinase) related. The 

protein domain analysis revealed the presence of functional domains in the selected 

sequences. This comparative expression studies provide a framework for future 
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research in proteomics and evolutionary genomics for the withanolide biosynthesis in 

plants. 

Ginkgo (Ginkgo bfloba L.) belongs to the oldest group of living seed plants. Wang et 

al. (2010b) constructed a eDNA library from the mature leaf of female Ginko (Hunan 

Meihe cultivar) for the first time. A total of 2039 EST sequences were generated 

which represented 1437 unigenes consisting of 249 contigs and 1188 singletons. Out 

of 2039 (60.1%), 1235 numbers of ESTs were assigned to putative functions, and the 

remaining 804 were not similar to any known sequences. Transcripts related to 

photosynthesis, disease/defense, flavonoid biosynthesis, pathogenesis as well as 

secondary metabolism and stress responses were recognised. These results provided 

new information about the mature leaf-specific transcripts of Ginko. 

3.1.6 Transcriptome analysis of tea 

Molecular biology works on tea is very little in comparison to other woody crop 

plants and cereals. There is only around 14000 sequence information (on July, 2010) 

in NCBI. However, the number is still not enough to understand and decipher the 

complex mechanism of stress responses and tolerance, growth and development of 

this highly cross pollinated plant. Nevertheless, a brief review of different 

transcriptome analysis works of tea is given here. 

Park et at. (2004) for the first time applied SSH technique in CameWa sinensis to 

identify the genes involved in secondary metabolism using young and mature leaf 

eDNA as 'tester' and 'driver', respectively. A total of 588 eDNA clones were 

sequenced and found that 8.7% of the clones encoded enzymes involved in secondary 

metabolism, mostly of flavonoid-metabolism pathways (5.1%) which included 

chalcone synthase (CHS), flavanone 3-hydroxylase (F3H), flavonoid 3' 5'-hydroxylase 

(F3'5'H), flavonol synthase (FLS), dihydroflavonol 4-reductase (DFR) and 

leucoanthocyanidin reductase (LCR). It was confirmed that flavonoid biosynthesis 

genes were differentially regulated in the developmental stages of tea. 

Chen et al. (2005) constructed a eDNA library from the tender shoots of Chinese 

elite green tea cultivar 'Longjing 43'. A total of 4320 clones were randomly picked 
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and sequenced which finally produced 1684 numbers of quality ESTs after removal of 

ribosomal, mitochondrial, chloroplast and poor quality sequences. More than 50% of 

these ESTs found homolog with model plants such as Arabidopsis, rice and tobacco. 

The transcripts which identified with known or putative functions were assigned 

functional categories as described in Arabidopsis. 

To identify the drought-modulated ESTs, Sharma and Kumar (2005) conducted a 

differential display reverse transcriptase PCR experiment. Tea cultivar, T -78 of 

Darjeeling was used for drought induction in a greenhouse condition and 

subsequently collected leaf sample for differential display and northern analysis on 

d 14 and 18. Three drought modulated ESTs from three clones namely dr1, dr2 and 

dr3 were identified and validated as: dr1 (drought responsive), induced only by 

drought but not by ABA, showed significant scores with PR-5 (pathogenesis related) 

family of PR-protein gene; dr2, repressed by drought but not by ABA, had nucleotide 

repeats for polyasparate which was also present in chicken calsequestrin-like mRNA; 

dr3, responded similarly as dr2 but did not show similarity to known genes. 

Wang et al. (2008) constructed a SSH library to identify genes induced in response to 

low temperature of tea (C. sinensis L. cv. Xinyangdaye) leaves using cold treated 

eDNA as 'tester' and control (without treatment) sample eDNA as 'driver'. For 

isolating cold induced gene, they applied reverse-northern analysis to screen the 

subtracted library. The subtracted eDNA was cloned and PCR products of 420 

randomly selected clones were arrayed on nylon membrane. A total of ten 

complementary eDNA clones were induced by low temperature. These transcripts 

were classified into three functional groups: transcription factor, structural protein 

and metabolism related. The final interpretation of results gave an indication that 

cold might comprehensively activate the genes in the flavonoid pathway more than 

the genes specific to anthocyanin biosynthesis. 

A full-length eDNA library was constructed from young roots sample by Zhao et al. 

(2008b). A total of 5115 clones sequenced which produced 3482 numbers of 

unigenes including 901 TC and 2581 singletons. There were 1376 (39.5%) ESTs with 

known functions which subsequently categorized according to their functions 

assigned in Arabidopsis. 
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Moreover, there are some sequences in dbEST, NCBI (http:/ /www.ncbi. nlm.nih. 

gov I dbEST) without available literature. These include 407 differentially expressed 

ESTs generated from the leaves of tea plant induced by Ectropis obUque feeding 

using SSH technique, 66 differentially expressed ESTs generated from the root tissue 

induced by Ectropis oblique feeding using cDNA-AFLP technique, 250 ESTs generated 

for investigating the influence of light on the pathway of phenypropanoid 

biosynthesis using cDNA-AFLP, 110 ESTs for transcriptome analysis of Assam tea, 

3201 ESTs generated from Assam and Darjeeling tea for analyzing transcripts related 

to drought, flavor and blister blight infection. 
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3. 2 Materials and methods 

In an attempt to identify differentially expressed transcriptome under drought and 

understanding the associated tolerance mechanism thereof, three drought stressed 

SSH eDNA libraries comprising one inter-varietal and two intra-varietal as well as one 

standard full length libraries were constructed. The intra-varietal libraries were 

each of TV-23 (drought-tolerant) and S.3/ A3 (drought-susceptible) cultivars, 

constructed by taking the individual drought induced plant cDNAs as 'tester' (sample 

containing the differentially expressed transcripts which to be generated) and 

control plant eDNA as 'driver' (containing the reference transcripts which to be 

eliminated). However, the inter-varietal library was constructed taking the drought 

induced TV-23 plant eDNA sample as 'tester' and 5.3/ A3 plant eDNA sample as 

'driver' for generating those transcripts that expressed only in the tolerant cultivar 

under drought stress. A full-length standard library was also constructed from the 

eDNA sample of control plant of TV-23 cultivar for using as reference. 

3.2.1 Sample preparation 

Fresh tender roots of control and drought induced plants of TV-23 and S.3/ A3 

cultivars were collected by carefully uprooting the plants on 21st d of drought stress 

induction based on physiological experiments (as described in 2.2). Collected roots 

were immediately packed individually for each sample in aluminium foil and 

immersed in liquid nitrogen. Packed samples were stored in -80°C until RNA 

extraction. The whole process was done immediately and carefully to avoid RNA 

degradation. 

3.2.2 Protocol optimization for RNA isolation 

Several published protocol and commercial kits were available for RNA isolation 

from different plant tissues. However, there was no reported protocol for RNA 

isolation from tea roots. Therefore, RNA isolation was attempted with conventional 

guanidine-HCl (Longemann et al. 1987), modified guanidine-HCl (lal et al. 2001 ), 

modified CTAB (Gasic et al. 2004) and phenol/SDS (Alemzadeh et al. 2005) based 

protocol as well as commercial kits such as RNaquoues kit (Ambion, USA) and TRizol 
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reagent (Invitrogen, USA) for searching the suitable one. Finally, changes were made 

in some critical steps of SDS based protocols (Alemzadeh et al. 2005, lkoma et al. 

1996) and adopted for the isolation of tea roots RNA. The changes were addition of 

6-mercaptoethanol as an anti-oxidative agent in the extraction buffer in a right 

proportion (Lal et al. 2001 ), precipitation of RNA using isopropanol in addition to 

acetate (Jaiprakash et al. 2003) instead of lithium chloride (LiCl) which have a 

tendency for precipitating larger fragments (Basia and Arie 2005), incorporation of 

DNasel treatment and purification as well as reduction of isopropanol precipitation 

period effectively to 30 min. 

3.2.3 Isolation of total RNA 

Total RNA was isolated from 100 mg stored tissue of each control and drought 

induced samples of both the cultivars. The tissue was grounded in liquid nitrogen 

and transferred to 800 !Jl of extraction buffer [100 mM Tris-HCl (pH 8.0), 10 mM 

EDTA (pH 8.0), 100 mM LiCl, 1% SDS and 200 mM 6-mercaptoethanol (added just 

before use)] in an eppendorf tube at room temperature. Tissue was homogenized 

completely, added 400 1-1l of cold PCI (25:24:1, v/v/v) within 3-5 min of 

homogenization, mixed by inverting the tube gently for 4-6 times and incubated in 

ice for 5 min. Tubes were centrifuged at 14000 rpm for 15 min at 4°C. The 

supernatant was taken and added equal vol of cold PCI (25:24: 1, v /v /v) as well as 

mixed by gently inverting the tube for 4-6 times. The tubes were centrifuged at 

14000 rpm for 10 min at 4°C. The supernatant was collected, added an equal vol of 

isopropanol and 0.1 voL of sodium acetate (pH 5.2) and subsequently mixed by 

gentle inversion of the tube. The tubes were incubated at -80°C for 30 min and later 

centrifuged at 14000 rpm for 10 min at 4°C. The pellet was taken and added 500 !Jl 

of 70% ethanol for washing the pellet by inverting the tube for 4-6 times followed by 

centrifugation at 14000 rpm for 10 min at 4°C. The ethanol was decanted and 

evaporated the residual portion by incubating the tube at 37°C for 30 min. The 

pellet was dissolved in 80 !Jl of DEPC treated autoclaved distilled water and 

incubated the tube in ice for 10 min for dissolving the pellet completely. For DNase 

treatment, 10 tJl of RNase-free DNase I (1 u/tJl) and 10X reaction buffer with MgClz 

were added. The reagents were mixed by gentle inversion and made short spin. The 

tubes were incubated at 37°C for 15 min, and later made up the vol upto 500 tJL 
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using DEPC treat autoclaved distilled water. An equal amount of PCI (25:24: 1, v /v /v) 

was added and mixed by inverting the tube gently. The tubes were centrifuged at 

14000 rpm for 10 min at 4°C and subsequently repeated the isopropanol 

precipitation as well as 70% ethanol washing steps for once. The pellet was air dried 

and dissolved in 30 !Jl of RNA storage buffer or nuclease free water. It was then 

stored at -80°C for further use. 

3.2.4 Quantity and quality checking of RNA 

The isolated RNA was resolved in a denaturing agarose gel (1%) using 1X TBE buffer 

for 45 min at 70 V (# 164-0300, mini gel apparatus, biorad), and later stained with 

ethidium bromide (10 mg/ml) for checking its integrity. For running, 5 !Jl was used 

from each sample with an equal amount of RNA gel loading dye (ambion). The 

quality and quantity were verified from 1 !Jl of the isolated RNA using Biophotometer 

plus (eppendorf) at an absorbance of 260, 280 and 320 nm. Quality samples were 

selected for using in further steps on the basis of its integrity and purity. 

3.2.5 Isolation of mRNA 

Intact and pure poly A+ RNA is essential for the synthesis of high quality eDNA. In this 

experiment, mRNA was isolated from each total RNA sample (individual extractions 

were pooled) using PolyATract mRNA isolation system (# Z5300, promega). There 

was a biotinylated oligo (dT) primer to hybridize at high efficiency in solution to the 

3' poly (A) region present in mature mRNAs. The hybrids were captured and washed 

at high stringency using streptavidin coupled to paramagnetic particles and a 

magnetic separation stand. mRNA was eluted from the solid phase by simple 

addition of ribonuclease-free deionized water. In a sterile, RNase-free 1.5 ml 

eppendorf tube, total RNA (1.0 mg) was taken and adjusted the final val to 500 !Jl 

with RNase-free water. Tube was placed in a 65°C heating block for 10 min and 

subsequently added 3 !Jl of biotinylated-oligo (dT) probe and 13 !JL of 20X SSC to the 

RNA solution. Solution was mixed gently and incubated at room temperature for 

cooling. A single tube (0.6 mt vol) of the streptavidin-paramagnetic particles (SA

PMPs) was taken for each sample. The particles were resuspended by gently flicking 

the bottom of the tube and captured them on the wall by placing in a magnetic 
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stand (- 30 s). The supernatant was removed carefully. The SA-PMPs were washed 

for three times with 0.5X sse (300 !Jl per wash), in each time they were captured 

using the magnetic stand and carefully removed the supernatant. The washed SA

PMPs were resuspended in 100 !Jl of 0.5X sse. The entire content of the annealing 

reaction were transferred to the tube containing the washed SA-PMPs and mixed 

gently. The tube incubated at room temperature for 10 min and mixed gently by 

inverting in every 2 min. The SA-PMPs were captured using the magnetic stand and 

removed the supernatant carefully without disturbing the SA-PMP pellet. The 

particles were washed for four times with 0.1X sse (300 !Jl per wash) by gently 

flicking the bottom of the tube until all of the particles get resuspended. After the 

final wash, as much of the supernatant as possible was removed without disturbing 

the SA-PMP particles. Finally, SA·PMP pellet was resuspended in 100 !Jl of the RNase

free water by gently flicking the tube. The SA-PMPs particles were captured 

magnetically and transferred the eluted mRNA to a sterile, RNase-free tube. The 

elution step was repeated by resuspending the particles in 100 !Jl of RNase-free 

water. 

3.2.6 Precipitation of mRNA 

The mRNA fraction isolated with the PolyATract system was too diluted for the next 

step of eDNA synthesis in SSH library construction process. Hence, the mRNA pool 

was precipitated with 0.1 vol of 3 M ammonium acetate (pH 5.2) and 1.0 vol of 

isopropanol by incubating at -70oe for 3 h. Then, the tube was centrifuged at 12000 

rpm for 15 min at 4 a C. The pellet was resuspended in 1 ml of 75% ethanol and 

centrifuged again at 12000 rpm for 10 min at 4 ° C. Supernatant was removed 

carefully and air dried the tube. Finally, the pellet was resuspended in 10 !Jl of 

RNase-free, deionized water and stored at -70°C for further use. 

3.2. 7 Determination of mRNA quantity and purity 

Quatity and purity of the concentrated mRNA was determined by Biophotometer 

plus. For analysis, 1 !Jl of the isolated mRNA was diluted with 49 !Jl of RNase free 

water of which absorbance was read at 260, 280 and 320 nm taking RNase free water 

as blank following the program of RNA considering optical density 1 equal to 40 IJg of 



58 

RNA and expressed as 1Jg/1Jl. Finally, the mRNA was diluted to a final concentration 

of 1 JJg/IJl with RNase-free, deionized water. 

3.2.8 Construction of drought stressed eDNA libraries 

For the construction of three drought stressed eDNA SSH libraries, the isolated 

mRNAs were transcribed to eDNA using AMV reverse transcriptase. The first strand 

eDNA was further converted to double-strand using an enzyme cocktail, and 

subsequently constructed the drought stressed SSH libraries following the user 

manual of PCR-select eDNA subtraction kit (# 637401, clontech, USA) (Appendix-B 1 ). 

3.2.8.1 First-strand eDNA synthesis 

For each sample, two individual reactions were performed. The following 

components were combined in a sterile 0.5 ml microcentrifuge tube for each 

reaction: 4 !Jl of poly A+ RNA (2 IJg) and 1 !Jl of eDNA synthesis primer (10 !JM). The 

contents were mixed gently and made a brief centrifugation. Tubes were incubated 

at 70 ° C for 2 min in a thermal cycler followed by 2 min in ice and brief 

centrifugation. Afterwards, in each reaction 2 !Jl of 5X first-strand buffer (250 mM 

Tris-HCL pH 8.5, 40 mM MgCl2, 150 mM KCl and 5 mM OTT) and 1 !Jl each of dNTP mix 

(10 mM each), sterile water, AMV reverse transcriptase (20 u/!Jl) were added. The 

reagents were mixed gently, centrifuged briefly and subsequently incubated at 42"C 

for 1. 5 h in an air incubator for the synthesis of eDNA. The reaction was terminated 

by incubating the tube in ice and immediately proceeds with the second -strand 

synthesis reaction. 

3.2.8.2 Second-strand eDNA synthesis 

For the synthesis of second-strand eDNA, the following components were added to 

the tube containing 10 !Jl of first-strand eDNA according to the order below: 



Sterile H20 

SX second-strand buffer 1 

dNTP mix ( 10 mM) 

20X second-strand enzyme cocktail 

Final vol 

per rxn 

48.4 1-Jl 

6.0 1-Jl 

1.6 1-Jl 

4.0 J..ll 

80 J..ll 
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Second-strand SX buffer 1 contains KCl (500 mM), ammonium sulfate (50 mM, MgCl2 

(25 mM), 6-NAD (0.75 mM), Tris-HCl (100 mM pH 7.5) and BSA (0.25 mg/ml) as well 

as enzyme cocktail containing DNA polymerase I (6 u/J..Il), RNase H (0.25 u/1-Jl) and E. 

coli DNA ligase (1.2 u/1-Jl). Reagents were mixed gently followed by a brief 

centrifugation. The tubes were incubated at 16 ° C for 2 h in a water bath, and later 

added 2 J..il of T4 DNA polymerase (3 u/J..Il). Reactions were incubated at 16°C for 30 

min in a water bath or thermal cycler, and finally terminated by 4 J..il of 20X 

EDTA/glycogen mix (0.2 M EDTA, 1 mg/ml glycogen). Afterwards, 100 J..il of PCI 

(25:24:1, v /v /v) was added and mixed by gentle inversion of the tubes followed by 

centrifugation at 14000 rpm for 10 min at room temperature. Top aqueous layer was 

collected carefully and placed in a fresh 0.5 ml microcentrifuge tube. Then, 100 J..il 

of Cl (24:1, v/v) was added in each tube, and repeated the centrifugation and 

subsequent steps. To the collected solution, 40 J..il of 4 M ammonium acetate and 300 

J..ll of 95% ethanol were added. The components were mixed by gentle inversion of 

the tubes for 3-5 times. Mixed content was centrifuged at 14000 rpm for 20 min at 

room temperature. Supernatant was collected carefully without disturbing the 

pellets. The pellet was overlaid with 500 J..il of 80% ethanol and later centrifuged at 

14000 rpm for 10 min. Supernatant was removed and air dried the pellet for about 

10 min to evaporate the residual ethanol. Finally, it was dissolved in 50 1-Jl of sterile 

distilled water, and subsequently 6 J..il kept aside in a fresh tube for checking the 

yield and size ranges of dsDNA and rest amount stored at -20°C for further use. 
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3.2.8.3 Restriction digestion of complementary dsDNA 

Synthesized dsDNAs were digested with Rsal restriction enzyme for generating 

shorter, blunt-ended fragments. This blunt ended eDNA fragments were required for 

adaptor ligation which is optimal for further steps of subtraction process. For each 

reaction of restriction digestion, 43.5 ~l of dsDNA, s.a ~l of 1ax Rsal restriction 

buffer and 1.5 ~l of Rsal (1a u/~l) components were added. The reagents were 

mixed well, centrifuged briefly and incubated at 3TC for 1.5 h. Then, 5 ~l of the 

digested mixture was set aside from each reaction tube for analyzing the digestion 

efficiency. In the rest amount, 2.5 ~l of 2ax EDTA/glycogen mix was added to 

terminate the reaction, and later added 50 ~l of PCI (25:24:1, v/v/v). The 

components were mixed gently followed by centrifugation at 14aOO rpm for 1 a min 

at room temperature. Top aqueous Layer was collected carefully in a fresh a.5 ml 

tube, added 50 ~l of PCI (24:1, v/v), and subsequently repeated the previous steps 

of centrifugation as well as collection. In the collected solution, 25 ~l of 4 M 

ammonium acetate and 187.5 ~l of 95% ethanol were added as well as mixed by 

gentle inversion for 3-5 times. Tubes were centrifuged at 14aoa rpm for 1 a min at 

room temperature. Supernatant was removed carefully and overlaid with 20a ~l of 

8a% ethanol for washing. Tubes were centrifuged at 14000 rpm for 5 min and 

carefully removed the supernatant. Pellets were air dried for 5-1a min and Later 

dissolved in 5.5 !Jl of deionised sterile water. Ffinal solution of two individual 

isolation was pooled up and finally stored at -20°( for further use. 

3.2.8.4 Evaluation of size ranges of the synthesized dsDNAs 

For checking the size ranges, 2.5 !Jl of the undigested and 5 !Jl of Rsal restriction 

digested dsDNAs were resolved with 1 kb and 1a0 bp markers (each of 3aO ng) side

by-side on an agarose gel (1%) using 1X TAE buffer, run for 40 min at 7a V. The gel 

was stained with ethidium bromide (1 0 mg/ml) for 15 min and visualized under UV 

light in a gel documentation system (Gel Doc XR+, biorad). 
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3.2.8.5 Adaptor ligation to the restriction digested 'tester' dsDNAs 

Forward subtraction experiment was designed to enrich the differentially expressed 

sequences in the eDNA sample of 'tester' but not in the 'driver'. For achieving this, 

two separate adaptor ligation reactions were performed for each experimental 

'tester' cDNAs: one with adaptor 1 (tester 1-1) and the other with adaptor 2R (tester 

1-2). After setting the ligation reactions, portion of each reaction were combined 

(unsubtracted tester control 1-C) so that both adaptors would be ligated to cDNAs. 

Each unsubtracted tester control eDNA was served as a positive control for ligation 

and later served as a negative control for subtraction. The adaptors i.e adaptor 1 

(5'-CTAATACGACTCACTATAGGGCTCGAGCGGCCGCCCGGGCAGGT-3') and adaptor 2R 

(5'-CTAATACGACTCACTATAGGGCAGCGTGGTCGCGGCCGAGGT-3') have the binding 

site for T7 primer (5'-CTAATACGACTCACTATAGGGC-3') as well its complementary 

sequences give rise to the binding sites for PCR primer 1 (5'-CTAATACGACTCACTAT 

AGGGC-3'), nested PCR primer 1 (5'-TCGAGCGGCCGCCCGGGCAGGT-3') and nested 

PCR primer 2R (5'-AGCGTGGTCGCGGCCGAGGT-3'). Adaptor ligation was not required 

for 'driver' eDNA. 

A ligation master mix was prepared in a 0. 5 ml microcentrifuge tube combining 3 !Jl 

of sterile water, 2 1-1L of 5X ligation buffer and 1 J,Jt of T4 DNA ligase (400 u/!Jl) for 

each reaction. Rsal digested experimental cDNAs (1 J,Jl of each sample) were diluted 

with 5 1-1L of sterile water. Following reagents were combined according to the given 

order in a 0. 5 ml tube and mixed thoroughly by pipetting up and down for each 

'tester' dsDNA sample. 

Components 

Diluted tester eDNA 

Adaptor 1 (1 0 J,JM) 

Adaptor 2R (10 IJM) 

Master mix 

tester 1-1 tester 1-2 

---------------------------------------------------------------------------
Final vol 
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Reagents were mixed well, and subsequently combined 2 !Jl from each of tester 1-1 

and tester 1-2 for using as unsubtracted tester control (1-C). Later, 1 !Jl of 

unsubtracted tester control sample was diluted to 1 ml with sterile water and stored 

at -20°C for further use. Rest amount of the reactions was incubated at 16°C for 

overnight ligation. Reaction was stopped by adding 1 !Jl of 20X EDTA/glycogen mix. 

For inactivating the ligase, the samples were heated at 72°C for 5 min followed by a 

brief centrifugation, and later stored at -20°C. 

3.2.8.6 Analysis of ligation efficiency 

ligation efficiency was analyzed through a PCR experiment. The experiment was 

designed to amplify the adaptor I eDNA junction fragments of tester 1-1 and tester 1-

2 where 265 rRNA, a housekeeping gene was taken as experimental control. The 265 

rRNA gene is known to be consistently expressed regardless to tissue types or tissue 

condition in plants. The specific primers of 265 rRNA gene were synthesized . 
according to an earlier report in tea (Cho et al. 2007) as: forward primer 5'-

ATGAGTAGGAGGGCGCGGCGGT-3' and reverse primer 5'-GGAGGCACTCGGTCCTCC 

GGAT-3'. The adaptor ligated dsDNA (1 !JL of each) was diluted into 200 !Jl of sterile 

water. The following reagents were combined in four separate tubes as follows: 

Tubes (!Jl) 

Components 1 2 3 4 

Tester 1-1 1 1 

Tester 1-2 1 1 

265 rRNA forward primer (10 !JM) 1 1 1 1 

265 rRNA reverse primer (10 !JM) 1 1 

PCR primer 1 (10 !JM) 1 1 

----------------------------------------------------------------------------
Total vol 3 3 3 3 

A master mix was prepared by mixing 18.5 !Jl of sterile water, 2.5 !Jl of 10X PCR 

reaction buffer, 0.5 !Jl each of dNTP mix (10 mM) and 50X advantage eDNA 

polymerase mix in a total vol of 22.0 !Jl for each reaction. In the above reaction 
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tubes, 22 !Jl of master mix was added and mixed by brief centrifugation. The 

solution was overlaid by mineral oil and incubated at 37°C for 5 min in a thermal 

cycler to extend the adaptors, and immediately followed by thermal cycling in the 

following program: 94°C for 4 min followed by 30 cycles at 94°C for 30 s, 55°C for 30 

sand 72°C for 1 min with a final extension at 72°C for 5 min. Final product (5 !Jl from 

each reaction) was analysed on a 2.0% agarose get run in 1X TAE buffer at 70 V for 

50 min and later stained with ethidium bromide. For size determination, 1 kb and 

100 bp DNA markers (300 ng each) was loaded side-by-side to the samples. 

3. 2.8. 7 PCR select subtraction of differentially expressed transcripts 

For the subtraction of differentially expressed transcripts, two hybridization 

reactions were performed. In the first, an excess of 'driver' eDNA was added to each 

sample of 'tester' eDNA and subsequently heat denatured and allowed to anneal. 

The remaining ss cDNAs (available for the second hybridization) were dramatically 

enriched for differentially expressed sequences because non-target cDNAs present in 

the 'tester' and 'driver' eDNA form hybrids. 

For conducting the first hybridization, 4X hybridization buffer was allowed to warm 

up at room temperature for 20 min. The following reaction was performed for each 

forward subtraction in a 0.5 ml tube: 

Components 

Rsal digested driver eDNA 

Adaptor 1 ligated tester 1 -1 

Adaptor 2R ligated tester 1-2 

4X hybridisation buffer 

Hybridization samples 

H1 

1 . 5 !Jl 

1 . 5 !Jl 

1 . 0 !Jl 

H2 

1 . 5 !Jl 

1 . 5 !Jl 

1.0 !Jl 

--------------------------------------------------------------------------
Final vol 4.0 !Jl 4.0 !Jl 

Samples were overlaid with one drop of mineral oil, centrifuged briefly and 

incubated at 98°C for 1.5 min followed by 68°C for 10 h. 
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In the second hybridization, the two samples from the first hybridization (H1 and 

H2) were mixed together and fresh driver DNA was added to further enrich the 

differentially expressed sequences. The following reagents were added into a sterile 

tube separately for each reaction: 

Components 

Driver eDNA 

4X Hybridisation Buffer 

Sterile HzO 

Final vol 

amount 

From the above mixer, 1 ~l was placed in a 0. 5 ml microcentrifuge tube and overlaid 

with 1 drop of mineral oil. Tube was incubated at 98°C for 1.5 min in a thermal 

cycler for denaturing the driver dsDNA. Now, the micropipette was set at 15 ~l and 

gently touched the tip to the mineral oil/sample interface of the tube containing 

hybridization sample H2. Entire sample was drawn up and a small amount of air into 

the pipette tip. Above procedure was repeated for the tube containing the freshly 

denatured driver. Entire sample was transferred to the tube containing the 

hybridization sample H1 and mixed by pipetting up and down. Tube was centrifuged 

briefly and incubated at 68°C for overnight. Mixture was diluted by adding 200 ~l of 

dilution buffer. Tube was heated at 68°C for 7 min in a thermal cycler and later 

stored the sample at -20°C. 

3.2.8.8 Amplification of differentially expressed transcripts 

Differentially expressed cDNAs were selectively amplified through two rounds of 

PCR. Prior to thermal cycling, the missing strands of the adaptors were filled in by a 

brief incubation at 75 °C. In the first amplification (primary PCR), only dsDNAs with 

different adaptor sequences on each end were exponentially amplified. In the 

second amplification (secondary PCR), nested PCR was used to further reduce 

background and enrich for differentially expressed sequences. 
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Primary PCR was performed from 1 !Jl of each diluted eDNA of subtracted and the 

corresponding unsubtracted tester control (1 =C). A master mix was prepared by 

mixing 19.5 !Jl of sterile water, 2.5 !Jl of 10X PCR reaction buffer, 0.5 !Jl of dNTP 

mix (10 mM), 1.0 !Jl of PCR primer 1 (10 IJM) and 0.5 IJL of SOX advantage eDNA 

polymerase mix in a final vol of 24.0 !Jl. The reagents were mixed by gentle 

pipetting followed by brief centrifugation. In each of the reaction tube, 24 !Jl of 

master mix was added and overlaid with 50 !Jl of mineral oil. The reaction mixer was 

incubated at 75°C for 5 min in a thermal cycler and immediately followed the 

program as: 94°C for 25 s for denaturation, either 25, 27 or 30 cycles as 94°C for 10 

s, 66°C for 30 sand 72°C for 1.5 min. Final products were stored at -20°C. 

Primary PCR products (3 !Jl) were diluted into 27 !Jl of sterile water. A secondary PCR 

was performed for each of the diluted primary PCR products taking 1 J.il as template. 

A master mix was prepared by mixing 18.5 IJL of sterile water, 2. 5 !Jl of 1 OX PCR 

reaction buffer, 1.0 !Jl of nested PCR primer 1 (10 IJM), 1.0 !Jl of nested PCR primer 

2R (10 J..!M), 0.5 !Jl of dNTP mix (10 mM) and 0.5 !Jl of SOX advantage eDNA 

polymerase mix and subsequently added 24 !Jl mix to each reaction. One drop of 

mineral oil was overlaid to each tube. The reaction mix was incubated at 75°C for 5 

min in the thermal cycler to extend the adaptors. Then, PCR was run immediately 

for either 9, 11 or 12 cycles using the cycling program as: 94°C for 10 s, 66°C for 30 

sand 72°C for 1.5 min. Final products were stored at -20°C for further use. 

3.2.8.9 Gel analysis of PCR products 

The primary (1°) and secondary PCR (2°) products (8 IJL from each) were resolved in 

an agarose gel (2.0%) using 1X TAE buffer for 50 min at 70 V, and later stained with 

ethidium bromide (10 mg/ml) for visualizing under UV light. 

3.2.8.10 PCR analysis of subtraction efficiency 

Subtraction efficiency was estimated by PCR analysis comparing the abundance of 

known cDNAs before and after subtraction. This was done by comparing with the 26S 

rRNA gene. The following reagents were combined in a 0.5 ml tubes. 



66 

rxn 1 rxn 2 

Diluted subtracted eDNA (2° PCR product) 1.0 j.Jl 

Diluted unsubtracted tester control 1 -c (2° PCR product) 1.0 j.Jl 

265 rRNA forward primer (1 0 IJM) 1.2 j.Jl 1.2 j.Jl 

265 rRNA reverse primer (10 IJM) 1.2 j.Jl 1.2 j.Jl 

Sterile H20 22.41-ll 22.4 j.Jl 

1 OX PCR reaction buffer 3.0 j.Jl 3.0 j.Jl 

dNTP mix (10 mM) 0.6 1-1l 0.6 j.Jl 

50X advantage eDNA polymerase mix 0.6 j.Jl 0.6 )Jl 

Total Vol 30.0 j.Jl 30.0 j.Jl 

Reagents were mixed well followed by a brief centrifugation. The solution was 

overlaid with one drop of mineral oil. The PCR was run for 18 cycles following the 

cycling program as: 94°C for 30 s, 60°C for 30 s and 68°C for 2 min. From each 

reaction tube, 5 1-1l was removed and put the rest back to PCR for running 5 

additional cycles. This step was repeated upto 33 cycles in an interval of 5 cycles. 

Later, each aliquot of 5 1-1l PCR product was resolved on an agarose gel (2.0%) using 

1X TAE buffer for 50 min at 70 V and finally stained with ethidium bromide for 

visualizing under UV light. 

3.2.8.11 Cloning of differentially expressed transcripts 

Cloning vector, pGEM·T easy (# A3610, promega) was selected for the cloning of 

differentially expressed transcripts. For vector ligation of subtracted eDNA, the 

tubes containing pGEM-T easy vector, control inserts DNA of pGEM®-luc vector (4 

ng/j.Jl) and subtracted eDNA were centrifuged briefly. The 2X rapid ligation buffer 

was then mixed vigorously by vortexing. Reaction set up was performed as follows: 
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Reactions 

Components sample positive negative 

2X rapid ligation buffer 5 ~l 5 ~l 5 J.Jl 

pGEM·T easy vector (50 ng/J.Jl) 1 ~l 1 J.Jl 1 J.Jl 

PCR product 2 ~l 

Control inserts DNA (4 ng/ J.Jl) 2 J.Jl 

T4 DNA ligase (3 u/J.Jl) 1 ~l 1 J.Jl 1 J.Jl 

-------------------------------------------------------------------------------------
Deionized water to a final vol of 10 ~l 

The components were mixed by pi petting and incubated in a water bath at 16 °C for 

overnight and later stored the vector ligated eDNA at -20°C. 

3.2.8.12 Transformation of cloned DNAs 

Elctrocompetent E.coli DH10B cells (invitrogen) were chosen for transformation of 

insert ligated vector DNA. The DH10B electrocompetent cells were taken out from -

80°(, thawed and mixed by gentle tapping. Then, 20 J.Jl of competent cells was 

added to each chill microcentrifuge tube containing 5 J.Jl either vector ligated 

control or sample eDNA. The cell/DNA mixture was transferred into a chilled 1 mm 

electroporation cuvette and subsequently electroporation was done with the help of 

Electroporator 2510 (eppendorf) at a pulse voltage of 2500 V. It was followed by 

addition of 1 mt sterile SOC medium to the cells immediately and transferred the 

solution to a 15 ml snap-cap tube. Tube was incubated at 3T C and 225 rpm for 1 h, 

3.2.8.13 Blue white screening and calculation of transformation efficiency 

Transformed cells with control DNA was diluted (1 :100) with SOC media. Diluted 

cells (50 ~l) were spreaded on a prewarmed (at 3TC) LB plates containing ampicillin 

(1 00 ~g/ml), IPTG (0.5 mM) and X-Gal (80 ~g/ml). The transformed cells with sample 

DNAs were diluted as 1 : 5 ratio with SOC media and spreaded 200 J.Jl on a selective 

plate similar to the one of control sample with the help of plate master. All plates 

were kept inside the laminar air flow for 10 min for absorbing the media, sealed 
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with parafilm and incubated in an inverted position at 3T C for overnight. After 

completion of the incubation periods, the plates were kept at 4 ° C for some time for 

developing a distinct blue color of the untransformed cells colony. The numbers of 

blue and white cells were counted using a colony counter (himedia) for the 

calculation of transformation efficiency using the following formula: 

(cfu on control plate/pg pUC19 DNA) x (1 x 106 pg/ j..Jg x vol of transformants)/ 

(plating vot x dilution factor) 

Culture plates were stored at 4°C until picking up the individual white colonies for 

liquid culture. 

3.2.9 Construction of standard full-length eDNA library 

The standard full-length eDNA library was constructed following a PCR based method 

of SMART protocol (# 634901, clontech, USA) (Appendix-B 2). The SMART protocol 

was used to preferentially enrich the full-length cDNAs by eliminating T4 DNA 

polymerase and adaptor ligation steps. 

3. 2. 9. 1 First-strand eDNA synthesis 

First-strand eDNA was synthesized from 3 1Jl (250 ng) of mRNA sample by combining 1 

1-11 of SMART IV oligonucleotide (12 IJM, 5'-AAGCAGTGGTATCAACGCAGAGTGGCCATTA 

CGGCCGGG-3') and 1 1Jl of CDS 111/3' PCR primer (12 IJM, 5'-ATTCTAGAGGCCGAGGCG 

GCCGACATG-d(T)30N-1N-3' where N =A, G, C, or T; N-1= A, G, or C) in a 0.5 ml tube. 

The components were mixed by brief centrifugation and incubated at 72 ° C for 2 

min. After cooling for 2 min in ice, following components were added: 2 1Jl of 5X 

first-strand buffer (250 mM Tris pH 8.3, 30 mM MgCl2 and 375 mM KCl), 1 1Jl of OTT 

(20 mM), 1 j..Jl of dNTP mix (10 mM) and 1 IJl of MMLV reverse transcriptase (20 u/ 1Jl). 

The content was mixed by gentle pipetting and brief spinning, added one drop of 

mineral oil and subsequently incubated at 42 ° C for 1 h in a thermal cycler. Later, 

first-strand synthesis reaction was terminated by incubating the tube in ice. The 

first-strand eDNA solution was stored at -20°C for further use. 
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3.2.9.2 Amplification of eDNA by LD PCR 

In a O.S ml tube containing 2 j.Jl of first-strand eDNA, following components were 

added in a total vol of 100 j.Jl in order to amplify the first-strand cDNAs: 80 j.Jl of 

deionized water, 10 j.Jl of 10X advantage 2 PCR buffer, 2 j.Jl of SOX dNTP mix, 2 j.Jl of 

S' PCR primer (12 IJM, S'-AAGCAGTGGTATCAACGCAGAGT-3'), 2 j.Jl of CDS 111/3' PCR 

primer and 2 j.Jl of SOX advantage 2 polymerase mix. The components were mixed by 

gentle flicking of the tube and centrifuged briefly to collect the content at the 

bottom of the tube. The reaction mixture was overlaid with 2 drops of mineral oil, 

placed in a preheated (9S 0 

C) thermal cycler and followed the cycling parameters as: 

9S ° C for 1 min, 2S cycles at 9S ° C for 15 s and 68 ° C for 6 min. After completing the 

cycles, 5 j.Jl of PCR product was resolved on a 1.1% agarose gel stained with ethidium 

bromide alongside 1 kb DNA marker (100 ng) at 6S V for 50 min and visualized under 

UV light, as well the rest amount stored at ~20°C for further use. 

3.2.9.3 Proteinase K digestion 

In a sterile 0.5 ml tube, 2 J,Jl of proteinase K (20 J.Jg/j.Jl) was added to 50 j.Jl of the 

amplified ds eDNA (2 J,Jg) in order to digest the contaminated proteins. Content was 

mixed properly and incubated at 45 ° C for 20 min. Then, 50 j.Jl of deionized water 

and 100 J,Jl of PCI (25:24: 1, v /v /v) were added and subsequently mixed by continuous 

gentle inversion for 1-2 min. Mixture was centrifuged at 14000 rpm for 5 min to 

separate the phases. Top aqueous layer was collected to a dean O.S ml tube. To the 

collected solution, 100 J,JL of Cl (24: 1, v /v) was added and mixed by continuous 

gentle inversion. Tube was centrifuged at 14000 rpm for 5 min to separate the 

phases. Top aqueous layer was collected to a clean 0.5 ml tube and added 10 1-1l of 3 

M sodium acetate, 1.3 j.Jl of glycogen (20 j.Jg/ J,Jl) as well as 260 j.Jl of 95% room 

temperature ethanol. Mixed solution was centrifuged immediately at 14000 rpm for 

20 min at room temperature. Supernatant was removed carefully and later washed 

the pellet with 100 J,Jl of 80% ethanol. Pellet was air dried to evaporate off the 

residual ethanol and added 79 J,Jl of deionized water to resuspend it. Resuspended 

solution was stored at -20°C for further use. 
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3.2.9.4 Sfil digestion 

Following components were combined in order to digest the dsDNA with restriction 

enzyme in a 0.5 ml tube: 79 ~l of purified dsDNA, 10 ~l of 10X Sfi buffer, 10 ~l of Sfil 

enzyme (20 u/~l) and 1 ~l of 100X BSA in a total vol of 100 ~l. The components were 

mixed well and incubated at 50°C for 2 h. Later, 2 ~l of 1% xylene cyanol dye was 

added to the solution and mixed well and followed with size fractionation step 

immediately. 

3.2.9.5 Size fractionation of cDNAs 

A column procedure was used for the size fractionation of cDNAs. The chroma spin-

400 column was prepared for its drip procedure by resuspending the gel matrix using 

a 1000 ~l pipettor. The column was attached to a ring stand and allowed the storage 

buffer to drain out. Then, carefully and gently 700 ~L of column buffer was added to 

the top of the column by allowing it to drain out. When this buffer had stopped 

dripping (- 15-20 min), 100 ~l mixture of Sfil-digested eDNA and xylene cyanol dye 

was carefully and evenly applied to the top-center surface of the matrix. Sample 

was allowed to be fully absorbed into the surface of the matrix and subsequently 

applied 100 ~l of column buffer for washing. Buffer was allowed to drain out of the 

column. A rack containing fourteen 1.5 mt collection tubes was placed under the 

column, so that the first tube was directly under the column outlet. Then, 600 ~l of 

column buffer was added and immediately begin collecting single-drop fractions (-

35 ~l) in tubes from 1 to 14 one by one. 

Profile of the fractions was evaluated on an agarose gel (1.1%) by running 3 ~l of 

each fraction in adjacent wells, alongside 300 ng of a 1 kb DNA marker at 150 V for 

15 min and visualized under UV light. The first four fractions containing eDNA were 

pooled in a 1.5 ml tube (- 140 ~l) and subsequently added 1 I 1oth vol of 3 M sodium 

acetate {pH 4.8), 1.3 ~l of glycogen (20 mg/ml) and 2.5 vol of 95% cold ethanol. The 

components were mixed gently by rocking the tube back and forth and placed the 

tube at -20°C for overnight. Then, the tube was centrifuged at 14000 rpm for 20 min 

at room temperature and carefully removed the liquid portion. The pellet was air 
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dried (- 10 min) and subsequently resuspended in 7 ~l of deionized water gently as 

well stored at -20°C until use in the ligation step. 

3.2.9.6 Ligation of eDNA to i\TriplEx2 vector 

Ratio of eDNA to vector in the ligation reaction is a critical factor in determining 

transformation efficiency, and ultimately the number of independent clones in the 

library. Hence, for determining the optimal ratio of eDNA to vector, three 

independent ligation reactions were set up using three different ratios of eDNA to 

vector in 0.5 ml tubes as follows: 

Components 1st ligation (~l) 2nd ligation (~l) 3rd ligation (~l) 

eDNA 0.5 1.0 1.5 

i\TriplEx2 vector (500 ng/~l) 1.0 1.0 1.0 

1 OX ligation buffer 0.5 0.5 0.5 

ATP (10 mM) 0.5 0.5 0.5 

T 4 DNA Ligase 0.5 0.5 0.5 

Deionized water 2.0 1.5 1.0 

Total vol 5.0 5.0 5.0 

The components were mixed gently and incubated at 16°C for overnight. 

3.2.9.7 Lambda phage packaging of ligated eDNA 

Lamda phage packaging of the ligated eDNA was done with the packaging extract of 

Gigapack Ill gold (# 200202, stratagene). The tube of packaging extract was removed 

quickly from -80°C and held between fingers until the content just begins to thaw. 

Then, 4 ~l of (- 1.0 ~g) experimental DNA was added immediately to the packaging 

extract. The content was stirred with a pipet tip to mix well and subsequently 

spinned the tube quickly for 3-5 s. Tube was incubated at 2ZOC for 2 h, and later 500 

~l of SM buffer was added to the content. Then, 20 ~l of chloroform was mixed 
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gently and spinned the tube briefly to sediment the debris. Supernatant was 

collected and stored at 4 ° C. This collected solution was used as unamplified library. 

3.2.9.8 Titering of the unamplified library 

Titering (pfu/~l) of the unamplified library was done for the estimation of number of 

independent phage and independent clones in the library. A single, isolated colony 

of XL 1-blue £. coli cells was picked from the working culture plate and inoculated to 

15 ml of LB/ MgS04/ maltose broth in a 50 ml Erlenmeyer flask. The flask was 

incubated at 37°C and 140 rpm for overnight until the absorption of the culture at 

600 nm reaches 2.0. The culture was centrifuged at 5000 rpm for 5 min. The 

supernatant was poured off and resuspended the pellet in 7. 5 ml of 10 mM MgS04. In 

the mean time, 90 mm LB/MgS04 plates were dried and warmed at 37°C for 10-15 

min. The packaging extract from the previous step was diluted in 1X lambda dilution 

buffer as 1:5, 1:10, 1:15 and 1:20 ratios. Later, 1 ~l of the diluted phage was added 

to 200 IJL of the XL1-blue overnight culture, and allowed the phage to adsorb at 3T C 

for 10-15 min. Then, 2 ml of melted LB/MgS04 top agar (temperature not more than 

45°C) was added, mixed quickly by inverting the tube, and immediately poured onto 

the prewarmed 90 mm LB/MgS04 plates. The plates were swirled quickly to allow 

even distribution of the top agar and kept at room temperature for 10 min to harden 

the top agar. The plates were incubated at 3TC for 6-18 hand checked periodically 

to ensure that plaques were developing. The plaques were counted and 

subsequently calculated the titer of the phage (pfu/ml) as: number of plaques x 

dilution factor x 103 ~l/ml divided by ~l of diluted phage plated. Titer of the three 

individual ligation reactions were compared and selected the best one. 

3.2.9.9 Determination of recombinant percentage 

Blue-white screening of E. coli XL 1-blue cells was performed for the determination of 

recombinant percentage. The procedure was followed similar to the titering of the 

unampllfied library on LB/MgS04 plates, except IPTG and X-gal was added to the 

melted top agar before plating the phage plus bacterial mixtures. For every 2 mt of 

melted top agar, 50 ~l each of the IPTG and X-gal stock solutions (100 mM each) 

were added. Plates were incubated at 3T C until plaques and blue colors get 
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developed (- 16 h). The numbers of white (recombinant) and blue (non

recombinant) plaques were counted and calculated the recombinant percentage as: 

total white plaques/total blue plaques x 100. 

3. 2. 9.10 Amplification of the library 

A single, isolated colony from the primary working plate of XL 1 -blue was picked and 

inoculated to 15 ml of LB/MgS04 maltose broth. The inoculated media was incubated 

at 3r C and 140 rpm until the absorption of the culture at 600 nm reaches 2.0. The 

culture was centrifuged for 5 min at 5000 rpm, poured off the supernatant, and 

resuspended the pellet in 7.5 ml of 10 mM MgS04. In 500 1Jl of overnight bacterial 

culture, 50 1Jl of diluted lysate (diluted as 1:10, 1:50 and 1:100 ratios) was added 

and incubated at 37°C in a water bath for 15 min. Later, 4.5 ml of melted LB/MgS04 

soft top agar (not more than 45°C) was added to each tube, mixed quickly and 

swirled on prewarmed (at 3rC for 10-15 min) LB/MgS04 agar plates (90 mm) and let 

them cool at room temperature for 10 min to harden the top agar. The plates were 

kept in inverted position at 3TC until (- 16 h) the plaques touching each other. 

Then, 4 ml of 1 X lambda dilution buffer was added to each plate and stored at 4 ° C 

overnight. The plaques were then pooled in 1 X lambda dilution buffer to form an 

amplified Library lysate and subsequently incubated at room temperature and 50 

rpm for 1 h on a platform shaker. To clear the phage lysate of cell debris and to lyse 

any remaining intact cells, the phage lysate was mixed well and poured into a 

sterile, 50 ml polypropylene screw-cap tube. Later, 10 ml of chloroform was added 

to the Lysate, mixed by vortexing for 2 min and subsequently centrifuged at 7000 

rpm for 10 min. The supernatant was collected and stored at 4°C. Later, 1 ml 

aliquots were prepared, added DMSO solution to a final concentration of 7% and 

stored at -70°C. 

3.2.9.11 Conversion of phage (hTriplEx2) to plasmid (pTriplEx2) 

Conversion of a i\TriplEx2 clone to a pTriplEx2 involves ;n vivo excision and 

circularization of a complete plasmid from the recombinant phage. Release of the 

plasmid occurs automatically when the recombinant phage is transduced into a 

bacterial host in which ere recombinase is being expressed. In the present 
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investigation, £.coli BM25.8 was used for ere recombinase activity that had been 

grown at 31 °C, A single, isolated colony of BM25.8 was picked up from the working 

plate and inoculated into 10 ml of LB broth in a 50 ml Erlenmeyer flask and 

subsequently incubated at 31 ° C, 150 rpm until the absorbtion of the culture at 600 

nm reaches in between 1.1 to 1.4. Later, 100 j.Jl of 1 M MgCl2 was added to the 

culture. Then, 200 j.Jl of cell culture was infected with 1 j.Jl of phage solution 

(amplified library) and incubated at 31 oc for 30 min and subsequently added 400 j.Jl 

of LB broth. The infected celt culture was incubated for an additional 1 h at 31 ° C 

and 225 rpm. Finally, 10 j.Jl of the cell suspension was diluted with 200 !Jl of LB broth 

which spreaded on LB agar plate containing carbenicilin (100 j.Jg/ml) and later 

incubated the plates at 31 oc for overnight. The plates were stored at 4°C until 

picking individual colonies for liquid culture. 

3.2.10 liquid culturing of transformed E. coU cells 

Individual white colonies of transformed £. coli cells were picked up using sterile 

tooth pick in an asceptic condition and inoculated into 2 ml of LB broth containing 

either ampicillin (100 IJg/ml) for DH10B celts or carbenicillin (100 j.Jg/ml) for BM25.8 

cells. The tubes were incubated either at 37°C for DH10B cells or at 31°C for BM25.8 

cells under shaking at 200 rpm until absorption of the culture at 600 nm reaches 

more than 1.5. Later, the cultures were centrifuged for 2 min at 12000 rpm, 

discarded the Liquid portion and collected the cell pellets to be used for plasmid 

extraction. 

3.2.11 Extraction of recombinant plasmids 

Good quality plasmid DNA is a pre-requisite for sequencing reactions. The plasmids 

of successfully transformed DH108 and transduced BM25.8 cells were extracted 

either with the modified protocol of Sambrook et al. (1989) or with the 

manufacturer protocol of GenElute plasmid miniprep kit (# PLN350; sigma-aldrich). 

Protocol of Sam brook et al. (1989) was modified and followed as: 100 !Jl of chilled 

homogenization solution (50 mM glucose, 25 mM Tris-Cl pH 8.0, 10 mM EDTA pH8.0) 

was added to the cell pellets and subsequently resuspended by vortaxing. Then, 200 

!Jl of freshly prepared Lysis solution (0.2 M NaOH and 1% SDS) was added and mixed 
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by inversion of the tubes 4/5 times gently. After 5 min of incubation at room 

temperature, 150 j.Jl of ice cold precipitation solution ( 5 M potassium acetate pH 5. 5) 

was added followed by gentle inversion of the tubes for 4/5 times gently. At this 

stage, tubes were incubated in ice for 5 min and subsequently centrifuged for 8 min 

at 14000 rpm. The supernatant was collected, added 300 j.Jl of isopropanol and 

mixed by 4/5 times by gentle inversion. Tubes were centrifuged immediately for 8 

min at 14000 rpm. The supernatant was discarded and kept the tubes on tissue 

paper for 5-10 min for drying the pellets in an inverted position. Later, 300 j.Jl of TE 

buffer (pH 8.0) was added for dissolving the pellets, subsequently added 2 j.Jl of 

RNase (10 mg/ml), mixed thoroughly by brief spin followed by incubation at 37°C for 

15 min. It was added with 200 j.Jl of PCI (pH 8.0), mixed by gentle inversion of the 

tubes and centrifuged for 8 min at 14000 rpm. Upper aqueous phase was collected 

carefully, added 0.1 vol of 3M sodium acetate (pH 5.2) and 2 vol of 100% ethanol, 

which subsequently incubated for 10 min in ice. Afterwards, the tubes were 

centrifuged for 8 min at 14000 rpm, discarded the supernatant completely and 

added 500 j.Jl of 70% ethanol. It was centrifuged again for 5 min at 14000 rpm, 

discarded the liquid portion and air dried the pellets. The dried pellets were 

dissolved in 25 IJl of distilled water and stored at -20°C until use for sequencing. 

The protocol of GenElute plasmid miniprep kit was followed as: the cell pellets were 

homogenized in 200 1Jl of resuspension solution by vortexing. The cells were lysed in 

200 j.Jl of lysis solution by gentle inversion of the tubes for 6-8 times followed by 

incubation ·for 3-5 min until the mixture becomes clear and viscous. The cell debris 

was precipitated by adding 350 j.Jl of the neutralization or binding solution followed 

by gentle inversion for 4-6 times. The tubes were centrifuged at 12000 rpm for 10 

min. The clear lysate was transferred to a prepared miniprep column. The column 

was prepared by washing with 500 j.Jl of column preparation solution followed by 

centrifugation at 12000 rpm for 1 min. The column containing the lysate was 

centrifuged at 12000 rpm for 1 min, and subsequently decanted the flow through 

liquid. The column was added with 750 j.Jl of diluted wash solution and centrifuged 

at 12000 rpm for 1 min. The flow through liquid was discarded and centrifuged again 

at 12000 rpm for 1 min to remove the excess liquid. The column was transferred to a 

new collection tube and added 50 1Jl of sterile water followed by incubation for 3 

min. Finally, the tubes containing the column were centrifuged at 12000 rpm for 1 
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min, collected the plasmid DNA in solution and stored at -20°C until use for 

sequencing. 

Quality of the extracted plasmid DNAs was evaluated by resolving 5 1Jl on an agarose 

gel (1 %) stained with ethidium bromide and run for 40 min at 70 V and visualized 

under UV light. 

3. 2.12 Sequencing of inserts in plasmid DNAs 

Sequencing procedure for the extracted plasmid DNAs were followed by three main 

steps: cycle sequencing PCR, purification of PCR products and electrophoresis of the 

purified products. The cycle sequencing PCR was performed for each sample of 

plasmid DNA taking 1 1Jl (- 150-300 ng) as template with the reagents of BigDye 

terminator kit 3.1 (Applied biosystem) as well as either with M13 forward primer 

(3.2 pmol, 5'-GTAAAACGACGGCCAGT-3') for pGEM-T easy vector or 5' sequencing 

primer (3.2 pmot, 5'-CGCCTGGAGACGCCATCC-3') for TriplEx2 plasmid. The pGEM -3Z 

(+) DNA sample was used as template for control reaction (0.2 1Jg/1Jl) with the 

specific -21 M13 forward primer (3.2 pmol). A PCR master mix was prepared in a 0.5 

ml tube by 1 I 8th dilution of a full strength reaction and subsequently added 9 1Jl in 

each 1 I-ll template DNA as follows: 

Components full strength eighth strength 

2.5X ready reaction mix 8.0 I-ll 1.0 1Jl 

5X dilution buffer 1.5 1Jl 

Primer (0.8 pmol/~Jl) 4.0 1Jl 2.0 I-ll 

Sterile water 7.0 1Jl 4.5 I-ll 

--------------------------------------------------------------------------
Total vol 19.0 1Jl 9.0 1Jl 

PCR program was followed as: 96°C for 1 min, 25 cycles at 96°C for 10 s, 50°C for 5 s 

and 60°C for 4 min for M13 forward primer, as well 96°C for 2 min, 25 cycles at 96°C 

for 12 s, 50°C for 7 s and 60°C for 5 min for 5' sequencing primer. 
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Cycle sequencing PCR products were purified following the protocol of BigDye 

Terminator v 3.1 clean up tube method. The final10 ~l product was transferred to a 

1.5 ml tube, added 12 ~l of master mix I containing 10 ~l of sterile water with 2 ~l 

of 125 mM EDTA (freshly prepared) and mixed well. Then, 52 !Jl of master mix II 

containing 2 !Jl 3 M sodium acetate (pH 4.6) with 50 !Jl of ethanol (room 

temperature) was added, mixed well and incubated at room temperature for 15 

min. The tubes were centrifuged immediately at 12000 rpm for 20 min, decanted 

the liquid portion, and subsequently added 250 JJL of 70% ethanol for washing. The 

tubes were centrifuged again at 12000 rpm for 10 min at room temperature, 

decanted the supernatant carefully and dried the tubes at 37°C for 30 min. Finally, 

12-15 !Jl of Hi-Di formamide was added in each tube and dissolved the pellets. The 

sample solutions were transferred from 1.5 ml tubes to a 96 well sample plate. The 

samples were covered with septa, centrifuged at 2000 rpm for 1 min at room 

temperature, and subsequently incubated at 95°C for 5 min in a hot start PCR for 

denaturation of dsDNA followed by instant chilling in ice. The plate was fitted with a 

plate base, retainer and subsequently placed in Genetic Analyzer 3130xl (applied 

biosystem) for electrophoresis. The running programme was scheduled in Data 

collection v 3.0 software as: 36 em or 50 em capillary, rapid run type, POP? 

polymer, oven temperature 65°C. 

3. 2.13 Base calling, vector trimming and homology searching of EST sequences 

After completion of electrophoresis and data acquisition, the raw sequences were 

passed through several quality parameters: base calling, vector screening and 

trimming as well as homology searching above certain expectation value. 

Raw sequences were analyzed using Sequence analysis software v 5.2 (applied 

biosystem). Base calling was done using the algorithm of KB basecaller with a 

minimum quality value (QV) 20, where the chances of incorrect base call is 1 %. After 

quality calling sequences were checked again for its quality statistics such as QVs, 

length of read (LOR) and signal to noise. Sequences with short read length and poor 

quality electropherogram were eliminated. 
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Vector and adaptor sequences present in the 5' and 3' sites of the raw sequences 

were trimmed using Sequence scanner v 3.1 software (applied biosystem). The 

trimmed sequences with more than 100 bp in length were selected for further 

analysis. Vector trimmed sequences were searched for their homolog sequences 

using the BLAST program in NCBI (http:/ /blast.ncbi.nlm.nih.gov/Blast.cgi). Both 

BLASTn and BLASTx program were used for searching homolog in a non-redundant nt 

and protein database of NCBI, respectively with a minimum cut off e-value less than 

1 E -05. The sequences with no significant hits were considered as novel sequences 

and included for subsequent analysis. 

Sequences that passed through quality parameters were considered for clustering by 

Sequencher 4.1 software (Gene Codes Corporation). Clustering was made using the 

dirty data algorithm considering ambiguous base calls for poor matches to exact 

base calls following the criteria as: a) gaps optimization for small inserts and 

double-called bases through ReAligner algorithm b) prefer 3' gap replacement c) 

minimum overlap 20 bp d) minimum match percentage 85. The consensus sequences 

of clustered ESTs (contigs) alongwith the singlets were imported in FASTA format 

which were together defined as unigene set. The contig sequences were BLASTed 

against the non-redundant protein database in NCBI for searching their homolog 

which code for the same protein. 

3.2.14 Functional annotation and analysis of drought induced unigenes 

Bioinformatics tools and databases were provided the scope of generating useful 

information from ESTs. In order to analyse and annotate the functions of drought 

induced unigenes, number of bioinformatics databases, tools and programs were 

used. 

3.2.14.1 GC percentage and codon usage analyses 

Percentage of GC present in the unigene set was calculated using GEECEE program 

and codon usage as well functional GC percentage were analysed through CUSP 

program of Pasteur lab (http:/ /mobyle.pasteur.fr/cgi-bin/portal.py). Codon usage 

analysis was done on the basis of a standard codon usage table. 
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3.2.14.2 Mining of ORFs, protein domains and construction of phylogenetic trees 

Open reading frames were predicted by translating each sequence into six reading 

frame using NCBI ORF Finder (http:/ /www.ncbi.nlm.nih. gov/projects /gorfl). The 

ORFs located in the direct strand were translated into amino acid sequences and 

searched for their homolog domain in pfam database (http:/ /pfam.sanger.ac.uk/) 

for assigning functions. Protein sequences showing e-value less than 1 E-05 were 

selected for searching their conserved and multi -domain nature against COD 

database of NCBI, http:/ /www.ncbi. nlm.nih.gov/ Structure/cdd/cdd.shtml). After 

eliminating the same hit domains, conserved domain sequences (e-value less than 

1 E-05) were selected for the construction of maximum likelihood trees depending on 

JTT matrix-based model (Jones et al. 1992) at bootstrap value 500 using MEGA 4.0 

(Tamura et al. 2007) for illustrating their evolutionary relationship. 

3.2.14.3 Mining of signal peptide and peptide anchor in protein domain 

sequences 

Protein domain sequences found in the unigene set were mined for signal peptide 

and peptide anchor through SignalP (http: I /www.cbs.dtu.dk/ services/ SignalP I) 

program, using both methods, i.e. neural networks and HMM by selecting the 

organism group as eukaryotes. For signal peptide, most likely to be cleaving site and 

for peptide anchor high probable anchor were selected and recorded their cleaving 

site and anchor site amino acid positions, respectively. 

3.2.14.4 Gene ontology analysis 

Gene ontology provides a set of structured, controlled vocabularies for community 

use in annotating genes, gene products and sequences. There are numbers of 

computational tools that have been developed and successfully used for GO analysis 

(http:/ /www.geneontology.org/GO.tools.browsers.shtml). Since tea genome is not 

available, as a model plant, Arabidopsis was chosen for GO analysis. WU-BLAST was 

performed for each of the unigene for finding their homolog against Arabidopsis by 

using TAIR9 transcripts (-introns, +UTRs) (DNA) (http:/ /www.arabidopsis.org/ 

index.jsp). The corresponding locus hit of each unigene having e-value less than 1E-
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10 were selected for GO search against Arabidopsis proteome using GOslim program 

(http: i iwww.arabidopsis.org/index.jsp) and presented each sub-categories in 

percentage according to the following formula: 

Annotations to terms in GOslim category /Total annotations to terms in this 

ontology x 1 00 = % 

3.2.14.5 Identification of drought associated genes and pathways 

Identification of drought associated gene was done based on the protein hits in NCBI 

database. Those genes of which protein products someway associated to drought 

were recorded as drought associated genes based on knowledge of biochemistry and 

molecular biology. If there were three or more genes found in a single pathway, the 

corresponding pathways were searched through KEGG analyses (http://www. 

genome. jp/kegg/). 

3.2.14.6 Mining of genic microsatellite markers 

For mining SSR, WebSat program (http:/ /wsmartins.net/ websat/) was used. The 

criteria for SSR search were set as: minimum of 9, 5, 4, 4 and 3 times of repeat for 

di, tri, tetra, penta and hexa repeat SSR, respectively. Primer picking parameters 

were given as: optimum length 22 nt (minimum 18 and max. 27), Tm 60 °C 

(minimum 57 °C and max. 68 °C), minimum GC % 40.0 and rest with default 

parameters. The primer designed was done either with WebSat program or with 

VectorNTI (invitrogen) software. 

3.2.15 Analyses of standard full-length unigenes 

Full-length unigenes were subjected to various bioinformatics analyses for functional 

annotation. The codon usage, GC percentage and GO analyses were done as 

described in 3.2.14. 

A homology search was performed between the unigenes of drought induced and 

standard full length unigenes for identifying the redundant sequences using BLAST+ 



81 

2.2.22 program (Altschul et al. 1997). In order to perform the search, a local nt 

database of drought induced unigenes was made and subsequently BLASTed the 

standard full length unigenes against this database at an e-value threshold of 

0.0001. The homolog genes were selected on the basis of cut off value as: minimum 

identity percentage 80% and bit score 100. Finally, the coding proteins of homolog 

unigenes were identified through BLASTx analysis of NCBI (http:/ /blast.ncbi.nlm. 

nih.gov /Blast) and represented using Venn diagram. 

3. 2. 16 Comparative analyses of transcripts under normal growth, drought and 

winter dormancy stress 

Genomic information available in the open access biological databases gives an 

opportunity of comparative analyses. An attempt of comparative genomic analysis 

was made among the transcripts of normal growth, drought and winter dormancy 

stress. AU the available EST sequences of tea leaves in dbEST, NCBI, generated 

under normal growth, drought and winter dormancy stresses were downloaded using 

the bulk sequence download system of NCBI and subsequently vector trimmed and 

checked for quality parameters. The quality sequences of each category were 

clustered and subsequently used the clustered sequences (or unigenes) for further 

analyses. The quality parameters of sequences and its clustering methodology were 

followed as described in 3.2.13. 

3.2.16.1 Tissue specific expression of genes under drought 

In order to identify the tissue specific i.e in roots and Leaves expression of unigenes 

under drought, a homology search was performed between the drought induced 

unigene sets of roots and leaves using BLAST+ 2.2.22 program (Altschul et al. 1997). 

A local nt database of drought induced unigenes of root tissue was made, and 

subsequently BLASTed the drought induced unigenes of leaf tissue against the local 

nt database at an e-value threshold of 0.0001. The parameters for the identification 

of homolog genes were followed as described in 3.2.15. Besides the homolog 

unigenes, the rest unigenes were considered as specific either in roots or leaves. 
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3.2.16.2 Comparative functional annotation of unigenes 

Number of cds and GC percentage were calculated using the CUSP program 

(http://mobyle.pasteur.fr/cgi-bin/portal.py). On the basis of NCBI, BLASTx analysis, 

each set of unigenes were classified as: no significant hit sequences, unknown 

proteins, predicted proteins, chaperones, heat shock proteins, transcription factors, 

enzymes and other functional proteins at an e-value threshold of 1 E-05. The 

common unigenes between or among the unigene sets of normal growth, drought or 

winter dormancy stress were identified through homology search between two sets 

at a time at an e-value threshold of 1 E-04, identity percentage 80 and bit score 100, 

using BLAST+ 2.2.24 program (Altschul et al. 1997) and represented in Venn diagram. 

functional assignment of unigenes from each set of sequences were done on the 

basis of Arabidopsis proteome hits at an e-value threshold of 1 E-1 0 using WU-BLAST, 

TAIR (http://www.arabidopsis.org/index.jsp). The assigned functional categories of 

unigenes were calculated in percentage as described in 3.2.14. 
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3.3 Results 

The findings during the construction of three forward subtracted SSH and one full

length standard eDNA libraries and their subsequent sequence analyses have been 

presented here in different headings and sub-headings. The SSH libraries of TV-23, 

S.3/A3 and in between TV-23 and S.3/A3 cultivars were named as FSL1, FSL2 and 

FSL3, respectively. 

3.3.1 Protocol optimization for RNA isolation 

A single method of RNA isolation cannot be applied in all plants due to its 

differences in tissue composition and function. The conventional guanidine-HCl, 

CTAB/NaCl, 50S/Phenol based protocols were failed to isolate RNA from tea roots. 

The modified guanidine-HCL protocol yielded not only low RNA but unusable for 

further analysis (Table 3.2). Commerciatly available TRizol reagent from three 

different sources such as 'Jnvitrogene', 'MRC' and 'Sigma' were found to be 

completely unsuccessful (Fig. 3.3, Table 3.2). The RNAaquoues kit (Ambion, USA) 

was found to be successful (Fig. 3.3), but the yield was not enough for further 

analysis (Table 3.2). Hence, there was a need of protocol optimization for RNA 

isolation. The SDS based protocol was optimized perfectly for isolating RNA from tea 

roots. Prior to RNA isolation, treatment of roots with detergent followed by washing 

with DEPC treat water was found fruitful. Moreover, precipitation of RNA using 

sodium acetate along with isopropanol by incubating only for 30 min was 

reproducible. 

The optimized protocol was followed routinely and found an average yield of 127 J.Jg 

in per g of FW. Quality was found good as judged by Az6o/ Azao and Azao/ Az3o ratios 

(Table 3 .2) and the appearance of major 265 and 185 bands after gel electrophoresis 

(Fig. 3.3). The Az60/23o ratio was found higher than 2.0 (Table 3.2) indicating the 

absence of polyphenol and polysaccharides contamination in the isolated RNA. The 

A3zo was found 0.0 indicating the lack of protein contamination. A comparatively low 

yield of RNA was found in stress conditioned tissues. Around 50 J.Jg of Poly A+ RNA was 

harvested from 1000 J,Jg of isolated total RNA. The A260/ A230 and Az6o/ Azao ratio of the 



Table 3.2: RNA yield and quality by different methods 

Protocols 

RNAqueous kit (Ambion) 

Optimised protocol 

Modified guanidine-HCl 

TRizol reagent (lnvitrogene/ 

MRC/Sigma) 

Modified CTAB 

Ratios* 

2.29 ± 0.05 

2.05 ± 0.03 

1.73 ± 0.08 

*mean of 10 different extractions ± standard error 

1.66 ± 0.03 

1.80 ± 0.02 

1.95 ± 0.03 

ABCDEF GHIJ KLM 

Yield* 

28 ± 1.47 

127 ± 0.70 

7 ± 1.62 

no yield 

no yield 

Fig. 3.3: Agarose gel electrophoresis of total RNA isolated from tea roots by different 

reagents and methods. A, B: RNAqueous kit; C, D: TRizol reagent; E, F: modified 

guanidine-HCl; G, H: CTAB method; 1-L: using optimized protocol (I, 15 and J, 21 days 

of drought induced plants, K, L: control plants); M, ssRNA ladder (new england biolab). 
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Fig. 3.4 (left) Evaluation of Rsal restriction digestion of dsDNAs (DD = digested, UD = 
undigested): A. TV-23 control, B. TV-23 drought induced, C. 5.3/ A3 control and D. 

5.3/ A3 drought induced plants. 

Fig. 3. 5 (right) Adaptor ligation efficiency analyses of 'tester' dsDNAs: (A-D for F5L1 

library of TV-23 plant; E-H for F5L2 library of 5.3/ A3 plant, 1-L for FSL3 intervarietal 

Library of TV-23 and 5.3/ A3 plants) A, E, I, Adaptor 1 ligated tester dsDNA; C, G, K, 

Adaptor 2 ligated tester dsDNA; B, F, J, Control reaction of 265 rRNA gene for adaptor 1 

ligated tester dsDNA; D, H, L, Control reaction of 265 rRNA gene for adaptor 2 ligated 

tester dsDNA. (M 1, 1 kb marker and M2, 100 bp marker). 

Fig. 3.6 Analyses of primary and secondary PCR products: (left) primary PCR (right) 

secondary PCR; A, C, E unsubtracted tester control dsDNAs for F5L 1, F5L2 and F5L3 

libraries, respectively, and B, D, F forward subtracted experimental dsDNA for F5L 1, 

FSL2 and F5L3 libraries, respectively (M1, 1 kb marker and M2, 100 bp marker). 
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isolated mRNA pool was found on an average 2.2 and 1.8, respectively and A32o was 

recorded as 0.0 for all samples. 

3.3.2 Analyses of different steps in SSH library construction 

Results that achieved throughout the SSH library construction process were 

described below. 

3.3.2.1 Yield and quality checking of dsDNAs 

Synthesized dsDNA was visualized as smear in gel. The size distribution of which was 

observed approximately from 500 bp to more than 12 kb whereas it was found from 

300 bp to 10 kb for the Rsal digested products (Fig. 3.4). It was an indication of 

successful restriction digestion. 

3. 3. 2. 2 Ligation efficiency analysis 

Result of each ligation efficiency test was analysed based on the amplicon and their 

intensities in gel (Fig. 3.5). The housekeeping gene, 26S rRNA was amplified 

perfectly and formed a band exactly at 300 bp in each sample. The band intensity of 

26S rRNA gene was equal in each tested sample. The band intensity of the control 

gene was compared with the intensity of the corresponding band of each adaptor 

ligated tester eDNA sample. Band inetsity of the experimental sample was found 

approximately 25% compared to the control sample. Moreover, there were one or 

more prominent bands in between 1 kb to 400 bp in the tested samples. It had 

indicated a successful ligation where at least 25% of the cDNAs were with adaptors 

on both the ends. 

3.3.2.3 Analysis of differentially expressed transcripts 

Number of cycles for primary PCR was standardised at 30. Primary PCR products 

were found as smear ranges from 0.2 to 2 kb with some faint bands in between for 

the abundant transcripts [Fig. 3.6 (left)]. Smear intensity of control sample was 

observed higher than that of subtracted sample cDNAs. Seondary PCR was 
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standardised at 12 cycles. Secondary PCR products were also formed the same smear 

ranges like that of the primary PCR products [Fig. 3.6 (right)]. However, smear 

intensity was higher than that of the primary PCR products with a clear difference of 

the same between control and subtracted cDNAs either with or without distinct 

bands. 

Relative abundance of 265 rRNA gene in subtracted and unsubtracted control cDNAs 

proved well the efficiency of subtraction. There were only differences at 18th PCR 

cycle among the band intensities of 265 rRNA gene in the unsubtracted control and 

subtracted eDNA samples of 'FSL1' and 'FSL2' libraries [Fig. 3.7 (image nos 5 & 6)]. 

These results indicated the poor subtraction of the intra ~varietal cDNAs. However, 

the subjected housekeeping gene was amplified well from 18 PCR cycle onwards in 

the unsubtracted control cDNAs of inter-varietal 'FSL3' library whereas it was 

gradually amplified from 28 PCR cycles in the subtracted cDNAs of the same. This 

indicated an efficient subtraction of the cDNAs of 'FSL3' library [Fig. 3.7 (image no 

7)]. 

3.3.2.4 Screening of transformed cells and isolation of plasmids 

A successful identification of transformed cells was done through blue white 

screening (Fig. 3.8). Transformation efficiency for the control DNA sample was found 

1.0 x 109 cfu/l-Jg. This value was near to the standard level of electrcompetent 

DH1 OB E. coli cells. The transformation efficiencies for the subtracted cDNAs of FSL 1, 

FSL2 and FSL3 Libraries were recorded as 1 x 107
, 3 x 105 and 2 x 104

, respectively. 

Plasmid isolation was done successfully from the transformed cells following the in

house optimized protocol. There were observed three distinct bands of plasmids in 

gel without any smearing (Fig. 3. 9). Only 1 l-Jl of the isolated plasmid DNA solution 

was found enough for the required concentration (150-300 ng) of sequencing. 

3.3.3 Generation of ESTs under drought stress and their clustering 

A total of 2250 colonies was randomly picked and sequenced which consisted of 400 

colonies from each of FSL 1 and FSL2 library and 1450 colonies from FSL3. It has been 

produced a total of 649 ESTs from both FSL 1 and FSL2 libraries as well as 1052 ESTs 
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Fig. 3. 7 Subtraction efficieny analyses of SSH libraries: (5) FSL 1 (6) FSL2 and (7) FSL3 

(UTC = unsubtracted tester control, SS = subtracted sample at 18, 23, 28 and 33 PCR 

cycles, M2 = 100 bp marker). 

Plasmid DNAs 

Fig. 3.8 (left) Blue white screening of transformd DH1 08 E. coli cells 

Fig. 3. 9 (right) Extracted plasmids of transformed cells containing the DNAs of interest 

(M1 = 1 kb DNA marker). 
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from FSL3 library of which read length ranges from 200 to 900 bp. The sequences 

were deposited in dbEST, NCBI (Genbank accessions, GH734203-GH734851 from FSL1 

and FSL2 libraries as well GT968791-GT969386; GW316843-GW317159; GW315010-

GW315149 from FSL3 library). However, sequences of FSL 1 and FSL2 libraries were 

not considered for further analyses due to their low quality value and high 

redundancy. Subsequent clustering and analyses were performed with the sequences 

of FSL3 library, the inter-varietal one. Out of 1052 sequences, a total of 572 

numbers of ESTs passed through the set filtration criteria. Length of the ESTs was 

found from 178 to 832 bp with an average of 428 bp. There were included 5.94% (34 

out of 572) of ES1s with no significant hits in the database, 6. 99% of ESTs (40 out of 

572) similar to predicted proteins, 36.19 % (207 out of 572) of ESTs similar to 

unknown proteins, 3.85% of ESTs (22 out of 572) similar to small heat shock proteins, 

3.67% of ESTs (21 out of 572) simllar to molecular chaperones and 43.36% ESTs (248 

out of 572) similar to different enzymes and functional proteins. After clustering, 

the quality ESTs collapsed into 54 contigs comprising 2 to 201 numbers of individual 

ESTs and 192 singlets producing a total of 246 unigenes (Fig. 3.10). The average 

length of the unigenes was found 513 bp where contigs ranges from 221 to 989 bp 

and singlets ranges from 178 to 832 bp. Contigs containing more than 4 ESTs and e

value less than 1E-10 were depicted in Table 3.3. The unigenes were assigned a 

name as UEST1, UEST2 and so. 

The unigenes were annotated for various functional properties. There was an overall 

44.28% of GC content and 1915 numbers of cds containing 44.6% of functional GC in 

the unigene set. Amino acid, leucine (L) was found as highly coded (9.37%) 

compared to the other amino acids followed by serine (S) (9.29%) and arginine (R) 

(6. 98%). Interestingly, methionine (M) was found as the least coded amino acid 

compared to the rest amino acids (1.98%) (Fig. 3.11, Appendix-D 1.1). A total of 832 

numbers of ORFs were detected through the translation of six reading frame. It 

covers 97.23% of the unigenes (out of 246, 239 contains ORF) which have one or 

more ORFs. Length of the translated sequences of ORFs was ranges from 33 to 236 

amino acids. There was identified a total of 85 quality peptide in the direct strand 

of unigenes through the screening of pfam homologs with an e-value less than 1 E-05. 

Out of 85 peptides, signal peptides and signal anchors were produced by 8 and 37 

peptides, respectively (Table 3.4). There were also 74 conserved protein domains as 
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Fig 3. 10: Distribution and numbers of assembled drought induced ESTs 



Table 3.3: Assembled clusters that contain more than 4 drought induced ESTs and e-value less than 1E-10 

Contig IDs Homology No of ESTs Organisms Gene IDs E-value Score 

--------------------------------------------------------------------------------------------------------------------------------------------------------------
Contig1 185 rRNA gene (partial) 201 Glomus proUferum FN547501.1 9E-153 549 

Contig2 chaperone, mRNA 22 Agave tequilana DQ515785.1 4E-93 351 

Contig4 heat shock protein, mRNA 14 Camellia sinensis EU727315.1 0.0 1141 

Contig5 predicted protein, mRNA 9 Populus trichocarpa XM002305555.1 2E-80 307 

Contig6 ubiquitin carrier protein mRNA, predicted 6 Vitis vinifera XM002277413.1 1E-17 98.7 

Contig7 aspartate aminotransferase, mRNA 5 Daucus carota M92660.1 3E-101 378 

Contig9 heat shock protein, mRNA 5 Hevea brasiliensis AF521007.1 0.0 699 

Contig10 605 acidic ribosomal protein PO, mRNA 4 Euphorbia esula AF22762Z.1 4E-115 423 

Contig11 evolutionarily conserved (-terminal 

region 6, mRNA 4 Arabidopsis thaUana NM_001084699.1 2E-91 345 

Contig13 putative remorin protein, mRNA 4 Ricinus communis XM_OOZ5Z9577 .1 ZE-101 378 

--------------------------------------------------------------------------------------------------------------------------------------------------------------
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on homology search in COD at defined filtration criteria (Table 3.4). Out of these 

domains, 16 were of multi-domain in nature which included copper amine oxidase 

super family, peroxidase like super family, LEA 3 superfamily, NAM super family, 

cyclase super family etc. Finally, 65 numbers of unique domains were subjected for 

the construction of maximum likelihood tree. The domains were clustered into 9 

different groups and 27 out groups (Fig. 3 .12). Group VII incorporated the highest 10 

numbers of members having HSP 70, HSP 90, activator of HSP90 ATPase, alpha 

crystalin, GST etc. and group II, IV and IX incorporated the lowest 2 members having 

P-loop NTPase and mago nashi protein, Ras like GTPase and MIF as well as MPP and 

rcd1, respectively. 

3.3.4 Gene ontology analysis of drought induced unigenes 

A total of 187 unigenes (76%) were assigned to functional categories namely cellular 

components, biological process and molecular functions based on Arabidopsis 

proteome hits (Fig. 3.13, Appendix-D 2.1 ). In cellular components category, other 

intracellular components related genes recorded highest in numbers (19.65%) 

followed by other cytoplasmic components related genes (16.78%). However, 

endoplasmic reticulum related genes were found least in number (0.88%) followed 

by cell walt and extracellular related genes with 1.55% each. Highest number of 

genes in biological process category was recorded for other cellular processes 

(20.83%) followed by other metabolic processes (18.28%). Besides, signal 

transduction genes were found in least number (0. 95%) followed by electron 

transport or energy pathway related genes (1.11%). Interestingly, 13.04% of genes 

responses to stress and 11.45% of genes responses to abiotic or biotic stimulus were 

also recorded. In molecular function category, the highest percentage was covered 

by other binding related genes (12. 90%) followed by transferase activity related 

genes (12.20%), in contrast, transcription factor activity related genes were of least 

in number (2.44%) followed by nucleic acid binding related genes (2. 79%). 

3.3.5 Analyses of drought associated genes and pathways 

A total of 123 numbers of drought associated genes were identified in the roots. 

Details of the identified genes and their protein products as well as corresponding 



Table 3.4: Drought induced unigenes containing protein domain, signal peptide and signal anchor 

Unigene IDs Length ORF toe* Protein family E-vatue CD* SP (loc)* PA (toe)* 

-----------------------------------------------------------------------------------------------------------------------------------------------------------------
UEST2 746 98-565 hsp20/alpha crystallin family 9.30E-33 y N N 
UEST4 759 127-579 hsp20/atpha crystallin family 1.20E-33 y N p (15-16) 
UEST7 803 73-348 aminotransferase class I and II Domain 6.1E-28 y IEL-EI (20-21) p (14-15) 
UEST7 803 364-801 B12D protein family 3.4E-49 N N N 
UEST9 611 61-609 hsp90 protein family 9.50£-80 y N p (16-17) 
UEST10 382 10-381 ribosomal protein L 10 1.10£-16 y N N 
UEST11 709 75-709 YT521-B-like family 3.40E-17 y N p (18-19) 
UEST13 595 242-448 remorin, C-terminal region 1.10£-18 N N N 
UEST18 989 30-740 tetratricopeptide repeat 2.50E-07 y N p (18-19) 
UEST20 695 109-567 hsp20/ alpha crystaltin family 5.80£-22 y TTA-LM (24-25) N 
UEST21 748 128-607 hsp20/alpha crystallin family 1.60E-33 y N p (13-14) 
UEST22 604 79-516 ribosomal protein S19e 9.70E-56 y N N 
UEST23 693 10-693 ankyrin repeat 6.50E-07 y N p (20-21) 
UEST24 720 69-479 core histone H2A/H2B/H3/H4 4.40E-33 y N p (35-36) 
UEST25 397 34-198 metallothionein 3.10£-11 N N p (21-22) 
UEST28 631 85-468 thioredoxin 5.30E-32 y N p (20-2'1) 
UEST30 392 116-313 diacylglycerol binding domain 2.00£-05 N N N 
UEST31 737 136-411 glutathione 5-transferase 1.30£·16 y N N 
UEST35 581 49-528 cuUin family 2.40E-52 y N N 
UEST38 382 24-382 raffinose synthase 2.10E-55 y N N 
UEST43 760 11-700 ubiquitin family 4.40E-34 y N p (19-20) 
UEST47 518 7-516 calcineurin-like phosphoesterase Domain 9.40E-11 y N N 
UEST50 517 27-517 oxygenase superfamily 7.30E-25 y N p (20-21) 
UEST53 872 138-650 ABC transporter 1.30E-13 N N p (21-22) 



(Table 3.4 continued .. ) 

UEST373 464 33-326 rdx family 2.50E-11 y N N 
UEST399 263 79-261 cytochrome c oxidase subunit Ill 1.40E-27 y N N 
UEST401 542 7-540 NADPH-dependent FMN reductase Family 4.30E-13 y N p (24-25) 
UEST402 501 6-501 nucleotide-sugar transporter Family 5.30E-05 N N N 
UEST405 723 90-368 dienelactone hydrolase family 3.00E-06 N N N 
UEST410 368 83-367 RNA recognition motif 4.50E-11 y N p (19-20) 
UEST412 382 3-605 RNA recognition motif 5.00E-11 y N N 
UEST418 484 13-483 RNA recognition motif 1.50E-13 y N N 
UEST429 510 63-332 sugar (and other) transporter family 1.30E-08 N VMT-IF (34-35) N 
UEST430 682 117-587 heavy-metal-associated domain 1.60E-13 y N p (17-18) 
UEST432 644 2-583 02-small domain of ClpB protein 2.50E-23 y N N 
UEST434 687 22-675 dehydrogenase E1 component 1.20E-16 y N p (22-23) 
UEST436 395 103-393 A20-like zinc finger family 7.30E-13 y N p (30-31) 
UEST445 505 94-504 nudix domain 3.80E-13 y N p (20-21) 

UEST447 507 17-406 hsp70 protein family 4.20E-49 y N p (19-20) 

UEST449 548 51-548 putative cyclase family 1.70E-12 y SOA-YP (28-29) 
UEST452 346 38-346 sin3 associated polypeptide p18 (SAP18) 4.70E-23 y N p (56-57) 

UEST453 382 69-335 protease inhibitor/seed storage/LTP family 6.00E-06 N N p (30-31) 

UEST455 536 7-534 dioxygenase superfamily 1.10E-23 y N p (22-23) 

UEST459 545 170-544 integrase core domain 3.40E-09 y N p (15-16) 

UEST463 620 61-618 hsp70 protein family 1:40E-73 y N p (15-16) 

UEST466 603 49-603 SNW domain family 4.90E-36 y N N 
UEST484 395 71-304 ubiquitin-conjugating enzyme Domain 6.30E-24 y N p (39-40) 

UEST487 578 79-576 hsp70 protein family 2.40E-64 y AGG-VM (29-30) N 

UEST488 49 133-447 no apical meristem (NAM) protein family 2.10E-07 y N N 



(Table 3.4 continued .. ) 

UEST490 512 35-397 macrophage migration inhibitory factor 3.60E-22 y N p (19-20) 
UEST492 595 106-414 mago nashi protein 2.70E-55 y N N 
UEST493 725 26-637 synaptobrevin family 4.60E-15 y N N 
UEST496 566 20-322 TFIIB transcription factor 3.60E-09 y N N 
UEST501 351 8-351 steroid binding domain 3.60E-17 y N N 
UEST502 389 143-505 sugar (and other) transporter family 4.00E-20 y N p (20-21) 
UEST505 355 100-306 ribosome associated membrane 

protein RAMP4 2.50E-27 y N N 
UEST509 477 35-379 ribosomal protein L 19e family 4.80E-19 y N p (17-18) 
UEST513 445 77-433 DNA polymerase delta 3.70E-18 y N p (50-51) 
UEST517 678 55-501 nucleoside diphosphate kinase 3.10E-56 y N N 
UEST518 721 137-394 cell differentiation family 2.80E-44 y LNT-TS ( 18-19) N 
UEST519 762 1-666 Yip1 domain family 1.40E-08 y N N 
UEST522 668 21-668 gtycosyltransferase family 17 3.50E-108 y N p (26-27) 
UEST524 497 4-246 leuA allosteric (dimerisation) domain 2.00E-11 y N p (20-21) 
UEST532 686 34-456 PAN-like domain family 4.10E-12 y N p (27-28) 
UEST533 748 247-720 pyridoxal binding domain 4.30E-24 y GSQ-IP (15-16) N 
UEST537 571 8-571 pyridine nucleotide-disulphide 

oxidoreductase 3.40E-20 y N N 
UEST540 367 11-367 zinc finger domain 1.40E-09 y N N 
UEST541 323 40-321 mitosis protein 6.20E-44 y N p (20-21) 
UEST544 666 60-524 phospholipase 0 2.70E-33 y N N 
UEST545 422 33-422 glutamate-cysteine Ligase family 6.20E-28 y N N 
UEST549 492 60-492 alpha/beta hydratase fold domain 1.70E-06 y N N 
UEST551 587 60-587 triose-phosphate Transporter family 1.00E-10 y N N 
UEST554 697 59-697 ATP synthase subunit C 6.50E-16 y N N 



(Table 3.4 continued .. ) 

UEST559 376 31-213 inorganic H+ pyrophosphatase family 2.70E-22 y N N 
UEST570 684 116-684 RNA recognition motif 1. 90E-18 y N p (15-16) 
UEST573 693 49-693 AP2 domain 8.20E-18 y N N 
UEST574 390 70-216 ADP-ribosytation factor family 3.40E-10 y N p (32-33) 
UEST575 717 303-557 peroxidase family 1.50£-05 y N N 
UEST579 503 21-503 copper amine oxidase 3.70E-44 y N N 
UEST582 655 190-480 late embryogenesis abundant protein 9.00E-36 y SLA-VT (22-23) N 
UEST583 299 74-229 ribosomal L39 protein 3.80E-22 y N N 
UEST587 380 40-264 UBA/TS-N domain 4.20E-09 N N N 
UEST588 480 26-480 hsp20/alpha crystallin family 9.40E-09 y N N 
UEST591 348 114-348 copper/zinc superoxide dismutase 1.30E-22 y N p (15-16) 

---------------------------------------------------------------------------------------------------------------------------------------------------------------------
*ORF loc = ORF location, CD= conserved domain, SP (loc) =signal peptide location, PA (loc) =peptide anchor location, Y =present, N = 
absent 
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Arabidopsis loci were given in Table 3.5. Identified genes were mostly encoded for 

enzymes (36.59%), transporters (12.19%), transcription factors (6.50%) amino acids 

(0.81%) and proteins related to various physiological processes (43.91%). It consisted 

of the well-known drought associated genes such as dehydrin, trehalose phosphate 

synthase, GR, thioredoxin, ACC oxidase, peroxidase, heat shock proteins, SOD, zinc 

finger protein, ubiquitin etc. There were candidate genes of some of the important 

drought associated pathways. 

3.3.5.1 Ubiquitin-proteasome pathways 

Ubiquitination pathway plays an important role in eukaryotic cellular processes. 

General function of the pathway is to conjugate ubiquitin to Lys residues within 

substrate proteins, thus targeting them for degradation by the proteasome (Smalle 

and Vierstra 2004). The ubiquitin protein (76 amino acids) is attached to a substrate 

through a cascade of reactions consisting of three enzymes: E1 (ubiquitin activating 

enzyme), E2 (ubiquitin conjugating enzyme) and E3 (ubiquitin ligase). Each E3 has 

specificity to its substrate, or proteins to be targeted by ubiquitination. The E1 

forms a thioester bond with the C terminus of ubiquitin (Ub) in an ATP-dependent 

manner and transfers the activated Ub to an E2 enzyme. The E2 enzyme either 

transfers ubiquitin directly or through indirect process. Ideally, this process is then 

repeated several times to attach multiple ubiquitin molecules to the substrate, and 

polyubiquination has been shown to be necessary for degradation of the substrate by 

265 proteasome (Moon et al. 2004). 

The E3 ubiquitin ligases comprise a large and diverse family of proteins which are 

classified into four types: HECT type, U-box type, single RING-finger type which 

includes COP1, ARC1, and multi-subunit RING-finger type which include SCF, CUL3-

BTB, and APC complexes (Zheng et al. 2002). 

There were E2 (TG969274) and E3 enzymes as well as ubiquitin (GT969157) and 

polyubiquitin (Contig 43: GT969157, GT969158) found in the unigenes. The E3 

enzyme was found as SCF complex comprising off-box (GT969218), skp1 (GT969255) 

and cullin (Contig 35: GT969138, GT969139) proteins (Fig. 3.14). Moreover, some 

other related genes to this pathway were also reported such as zinc finger protein 



Table 3.5: Identified ESTs of tea roots which were known to be associated with drought stress. 

Genbank IDs Homology Arabidopsis gene loci Length E-vatue 

----------------------------------------------------------------------------------------------------------------------------------------------------------------------
GT969327 glutathione reductase [Picrorhiza kurrooa](ACF93236.1) AT3G24170.1 571 1.00E-70 

GT969133 thioredoxin h1 [Glycine max] (ABV71991.1) AT3G51030.1 501 2.00E-48 

GT969341 glucose-6-phosphate [Pisum sativum] (AAC08525.1) AT5G54800.1 587 1.00E-82 

GT969343 dehydrin [CameWa sinensis] (ACJ65691.1) AT3G50980.1 239 5.00E-15 

GT969344 vacuolar H+-ATPase C subunit [Plantago major] (CAH58637.1) AT4G34720.1 697 2.00E-47 

GT969349 predicted H+-pyrophosphatase [Vitis vinifera] (XP _002282358.1) AT1G15690.1 376 S .. OOE-30 

GT969164 glutathione $-transferase 5 [Vitis vinifera] (ABW34390.1) AT2G30860.1 737 4.00E-54 

GT969354 UDP-glucose 4-epimerase, putative [Ricinus communis] (XP _002529901.1) AT2G34850.1 407 4 .. 00[-19 

GT969365 peroxidase a [Eucommia ulmoJdes] (AAU04879.1) AT3G21770.1 717 1 .. 00E-74 

GT969366 8-amino-7-oxononanoate synthase-like protein [Arabidopsis thaliana] (CAB8556S.1) AT5G04620.2 737 2.00E-11 

GT969159 trehalose-6-phosphate synthase [Solanum lycopersicum] (BAF98176.1) AT1G70290.1 352 6.00E-14 

GT969176 ACC oxidase [Camellia sinensis] (ABI33224.1) AT1 G62380. 1 517 9.00E-77 

GT969368 GTP-binding protein [Helianthus annuus] (AAM12880.1) AT5G55190.1 488 6.00E-22 

GT969369 amine oxidase (copper-containing) precursor, putative [Ricinus communis] 

(XP _002509596.1) AT4G12280.1 503 1.00E-31 

GT969308 cell differentiation protein rcd1, putative [Ricinus communis] (XP _002529459.1) AT3G20800.1 721 1.00E-82 

GT969157 ubiqutin ligase-like protein [Oryza sativa] (AB$18744.1) AT4G05320.2 688 1.00[-19 

GT969381 Cu/Zn superoxide dismutase [Camellia sinensis] (AAU08173.1) AT1G08830.1 348 4.00[-50 



GT969070 heat shock protein 83 [Ipomoea nil] (P51819.1) AT5G52640.1 611 4.00E-82 

GT969378 mitochondrial small heat shock protein [Solanum lycopersicum] (BAA32547 .1) AT4G25200.1 480 1.00E-37 

GT969311 protein transporter [lea mays] (ACG24610.1) AT4G26670.1 392 4.00E-19 

GT969386 ormdl, putative [Ricinus communis] (XP _002523307.1) AT5G42000.1 619 5.00E-77 

GT969372 late embryogenis abundant protein 5 [Nicotiana tabacum] (AAC06242.1) AT1G02820.1 655 1.00E-19 

GT969363 putative ethylene responsive element binding protein 2 [Gossypium hirsutum] 

AAX68525.1) AT3G16770.1 693 3.00E-51 

GT969361 NAC domain protein [Populus trichocarpa] (XP 002297860.1) AT2G33480.2 509 7.00E-10 

GT969329 chitinase [CameWa sinensis] (ACX42261.1) AT3G12500.1 681 3.00E-112 

GT969191 benzoquinone reductase [Gossypium hirsutum] (ABN12321.1) AT4G27270.1 542 2.00E-83 

GT969274 ubiquitin-conjugating enzyme [Hyacinthus orientalis] (AAT08675.1) AT1G14400.1 395 1.00E-50 

GT969166 profitin-3 [Hevea brasWensis] (Q9M7N0.1) AT2G19760.1 665 Z.OOE-60 

GT969278 nam-like protein [Camellia sinensis] (ACH87170.1) AT1G77450.1 449 7.00E-39 

GT969253 heat shock protein 70 [Nicotiana tabacum] (CAA44820.1) AT1G16030.1 620 3.00E-87 

GT969292 sugar transporter [Citrus unshiu] (AAN86062.1) AT1G67300.1 589 4.00E-69 

GT969312 glycosyl transferase family 17 protein [Arabidopsis thaliana] (NP _189391.1) AT1G12990.1 668 7.00E-79 

GT969323 arginine decarboxylase [Humulus lupulus] (ACX56223.11) AT4G34710.1 748 4 .. 00E-92 

GT969254 adenosine kinase [Arabidopsis thaliana] (NP _181262.1) AT2G37250.1 627 3 .. 00E-49 

GT969196 potassium channel beta, putative [Ricinus communis] (XP _002518142.1) AT1G04690.1 705 1.00E-65 

GT969079 remorin, (-terminal region [Medkago truncatula] (ABN08208.11) AT2G41870.1 337 1.00E-16 

GT969087 L-aspartate [Arabidopsis thaliana] (NP _196713.1) AT5G11520.1 539 1.00E-33 

GT969206 ATP binding protein, putative [Ricinus communis] (XP _002531014.1) AT5G16590.1 391 3.00E-22 



GT969062 metallothionein-like protein [Camellia sinensis] (ABD97882.11) AT1G07600.1 397 2.00E-10 

GT969219 hexose transporter 1 [Solanum lycopersicum] (ACX47459.1) AT1G11260.1 510 5.00E-32 

GT969220 metal ion binding protein, putative [Ricinus communis] (XP _002534419.1) AT4G38580.1 682 3.00E-67 

GT969121 predicted similar to putative ankyrin-repeat protein [Vitis vinifera] 

(XP_002283498.11) AT4G35450.2 544 6.00E-60 

GT969167 purple acid phosphatase 1 (Solanum tuberosum] (AAT37529.1) AT2G01880.1 518 2.00E-67 

GT969225 1-deoxy-D-xylulose 5-phosphate synthase [Salvia miltiorrhiza] (ACF21004.1) AT4G15560.1 424 3.00E-43 

GT969021 zinc finger protein [CameWa sinensis] (ABI31653.1) AT1G51200.2 395 2.00E-32 

GT969228 calmodulin-related protein [Arabidopsis thaliana] (AAM67124. 1) AT1 G66400. 1 302 6.00E-17 

GT969229 mitochondrial malate dehydrogenase [Solanum tycopersicum] (AAU29198.1) AT3G15020.1 625 2.00E-73 

GT969120 ozone-responsive stress-related protein, putative [Arabidopsis thaliana] (NP 171625.1 )AT1G01170.1 362 2.00E-19 

GT969241 mitogen-activated protein kinase [Citrus sinensis] (ABM67698.1) AT3G45640.1 717 7.00E-75 

GT969245 tactoylglutathione lyase, putative [Ricinus communis] (XP _002518470.1) AT1G11840.2 536 1.00E-91 

GT969137 phosphate high response [Phaseolus vulgaris] (ACD13206.11) AT2G01060.2 696 3.00E-57 

GT969248 glyceraldehyde 3-phosphate dehydrogenase {Daucus carota] (AAR84410.2) AT3G04120.1 359 2.00E-09 

GT969216 thioredoxin peroxidase [Capsicum annuum] (AAL35363.2) AT1G65970.1 307 600E-20 

GT969214 o-methyltransferase, putative [Ricinus communis] .(XP _002514167.1) AT 4G26220. 1 595 6.00E-67 

GT969190 CAXIP1 protein {Arabidopsis thaliana] (AA019647 .1) AT3G54900.1 549 2.00E-35 

GT969184 AP-2 complex subunit beta-1, putative [Ricinus communis] (XP _002523245.1) AT4G23460.1 583 2.00E-44 

GT969202 ATPase activator/ chaperone binding [Arabidopsis thaliana] (NP _200619.1) AT5G58110.1 682 2.00E-53 

GT969208 nucleolysin tia-1, putative [Ricinus communis] (XP _002529199.1) AT3G14100.1 484 3.00E-69 

GT969135 arginine/serine-rich spticing factor, putative, expressed [Oryza sativa] (ABF96333.1) AT5G64200.1 511 2.00E-14 



GT969163 selenium binding [Arabidopsis thaliana] (NP _190314.2) AT3G47300. 1 464 S.OOE-19 

GT969217 NADK2; NAD+ kinase/ calmodulin binding [Arabidopsis thaliana] (NP _564145.1) AT1G21640.1 446 300E-14 

GT969048 galactolipase/ phospholipase [Arabidopsis thaliana] (NP _176378.41) AT1G61850.1 375 S.OOE-26 

GT969192 CMP-sialic acid transporter, putative [Ricinus communis] (XP _002523445.1) AT4G35335.1 501 200E-48 

GT969189 cytochrome c oxidase subunit 3 [Carica papaya] (YP _002608210.1) AT2G07687.1 263 4.00E-20 

GT969255 skp1 [Medicago sativa] (MD34458. 1) AT1G20140.1 573 7.00E-13 

GT969199 ATVAMP726 [Arabidopsis thaliana] (NP _171968.1) AT1G04760.1 178 2.00E-15 

GT969256 nuclear protein skip, putative [Ricinus communis] (XP _002530607 .11) AT1G77180.1 603 4.00E-74 

GT969270 AM-type ATPase family protein [Arabidopsis thaliana] (NP _192327. 3) AT4G04180.1 487 2.00E-22 

GT969200 U1snRNP-specific protein, U1A [Solanum tuberosum] (CAA90282.1) AT2G47580.1 368 200E-40 

GT969161 global transcription factor group [Populus trichocarpa] (XP _002313759.1) AT4G08350.1 832 2.00E-118 

GT969275 phosphatidylinositol synthase, putative [Ricinus communis] (XP _002533188.1) AT1G68000.1 629 S.OOE-26 

GT969221 nucleotide binding protein, putative [Ricinus communis] (XP _002526531.1) AT2G20330. 1 371 9.00E-18 

GT969282 mago nashi-like protein 1 [Physalis pubescens] (ABQ11262.1) AT1G02140.1 595 2.00E-24 

GT969306 translation initiation factor, putative [Ricinus communis] (XP _002514839.1) AT5G36230.1 709 3.00E-82 

GT969307 nucleoside diphosphate kinase [Nicotiana tabacum] (Q56E62.1) AT 4G09320. 1 678 2..00E-72 

GT969291 steroid binding protein, putative [Ricinus communis] (XP _002510808.1) AT3G48890.1 351 1.00E-19 

GT969350 inosine monophosphate dehydrogenase [Vigna unguiculata] (AA040253.1) AT1G16350.1 586 2.00E-40 

GT969218 f-box family protein [Populus trichocarpa] (XP _002308717.1) AT2G02310.1 507 ·4.00E-05 

GT969296 cytidylyltransferase family [Arabidopsis thaliana] (NP _175708.2) AT1G53000.1 707 5.00E-71 

GT969127 histone H3.2 [Arabidopsis thaliana] (NP _001078516.1) AT4G40030.2 664 2..00E-70 

GT969320 nudix hydrolase, putative [Ricinus communis] (XP _002512761.1) AT1G79690.1 741 6.00E-78 



GT969301 GID1-5 [Gossypium htrsutum] (ACN86360.1) AT5G27320. 1 424 1.00E-29 

GT969305 radfcal-induced ceU death 1 (Arabidopsis thaliana] (NP _564391.1) AT2G35510.1 646 2.00E-17 

GT969309 protein YIPF1, putative [Ricinus communis] (XP _002512371.1) AT5G27490.1 762 4.00E-77 

GT969223 rna-dependent RNA polymerase [Populus trichocarpa] (XP _002308662.1) AT3G49500.1 554 6.00E-15 

GT969314 predicted similar to putative isopropytmalate synthase [Vitis vinifera] 

(XP _002268942.1) AT1G74040.1 497 5.00E-21 

GT969315 gtycosyltransferase UGT72B11 [Hieracium pUosella] (ACB56923.1) AT4G01070.1 680 4.00E-14 

GT969321 non-canonical ubiquitin conjugating enzyme, putative [Ricinus communis] 

(XP _002519212.1) AT3G17000.1 562 4.00E-76 

GT969175 calcium-binding EF hand family protein [Arabidopsis thaliana] (NP _173582.2) AT1G21630.1 366 2.00E-32 

GT968799 interferon-induced guanylate-binding protein, putative [Ricinus communis] 

(XP _002509420. 1 ) AT5G46070.1 509 6.00E-07 

GT969155 transport protein particle (TRAPP) component Bet3 family protein 

[Arabidopsis thaliana] (NP 187151.1) AT3G05000.1 523 9.00E-30 

GT969335 gamma-glutamylcysteine synthetase [Zinnia elegans] (BAD27390.1) AT4G23100.1 422 2.00E-73 

GT969339 salicylic acid-binding protein 2 [Nicotiana tabacum] (gb I AAR87711.11) A T2G23620. 1 492 4.00E-51 

GT969234 protein kinase APK1A, chloroplast precursor, putative [Ricinus communis] 

(XP _002531440.1) AT2G28930.2 463 9.00E-70 

GT969338 FUS-interacting serine-arginine-rich protein 1, putative [Ricinus communis] 

(XP _002520437 .1) AT1 G07350. 1 608 9.00E-37 

GT969303 delta DNA polymerase, putative [Ricinus communis] (XP _002524033.1) AT1G09815.1 445 7.00E-21 

GT969284 leucine-rich repeat family protein [Glycine max] (ACM89476.1) AT1G07650.1 699 5.00E-38 



GT969280 light-inducible protein ATLS1 [Elaeis guineensis] (ACF06473.1) AT5G01650. 1 512 7.00E·19 

GT969147 alkaline alpha-galactosidase [Pisum sativum] (ABR19752.1) AT3G57520.3 382 1.00E-65 

GT969360 putative oligouridylate-binding protein [Prunus dulcis] (ABR13303.1) AT3G14100.1 684 6.00E-78 

GT969091 light-harvesting complex II protein Lhcb5 [Populus trichocarpa] (XP _002329192.1) AT4G10340.1 708 4.00E-65 

GT969364 ADP-ribosylation factor [Elaeis guineensis] (ACF06579.1) AT3G62290.1 390 1.00E-32 

GT969233 SGT1 [Solanum tuberosum] (AAU04979.1) AT4G11260.1 582 6.00E-35 

GT969156 trafficking protein particle complex subunit 6b, putative [Ricinus communis] 

(XP _002512289.1) AT3G05000.1 522 9.00E-30 

GT969374 cdk8, putative [Ricinus communis] (XP _002518859.11 ) AT5G63610.1 355 6.00E-12 

GT969224 2-oxoglutarate dehydrogenase, E1 subunit-like protein [Arabidopsis thaliana] 

(CAB75899.1) AT3G55410.1 687 1.00£-48 

GT969031 cysteine proteinase [Elaeis guineensis] (ABR19827.1) AT1G47128.1 690 1.00E-46 

GT969139 cull in, putative [Ricinus communis] (XP _002522416.1) AT1G69670.1 505 2.00E-18 

GT969108 AtPH1-like protein [Arabidopsis thaliana] (AAM61053.1) AT5G05710.1 573 9.00£-46 

GT969100 membrane-anchored ubiquitin-fold protein 2 [Arabidopsis thaliana] (NP 568315.1) AT5G15460.2 534 4.00£-36 

GT969152 ER Phosphatidate Phosphatase [Ricinus communis] (XP _002526289. 1) AT1G15080.1 570 3.00E-52 

GT969097 starch phosphorylase L-2 [Solanum tuberosum] (P53535.1) AT3G29320.1 518 8.00£-39 

GT969076 ECT7 (evolutionarily conserved (-terminal region 6) [Arabidopsis thaliana] 

(NP _001078168.1) AT3G17330.1 706 3.00£-73 

GT969330 PRT1 [Arabidopsis thaliana] (AAM64697 .1) AT3G24800.1 367 8.00£-24 

GT969286 transcription initiation factor liB [Glycine max] (P48513.1) AT3G10330.1 566 3.00E-43 

GT969181 ATP-binding cassette sub-family f member 2 [Oryza sativa Indica group)] (ABR25685.1 )AT5G60790.1 440 1.00E-31 



GT969119 405 ribosomal protein 519 (RP519C) [Arabidopsis thaUana] (NP _200925.1) AT5G61170.1 604 4.00£-27 
GT969334 phospholipase D alpha [Vi tis vinifera] (ABC59316.1) AT3G15730.1 666 S.OOE-82 
GT969072 60S acidic ribosomal protein PO [Euphorbia esula] (AAF34767 .1) AT2G40010.1 382 7.00E-21 

GT969336 ubiquitin-associated (UBA)/TS-N domain-containing protein 

[Arabidopsis thaliana] (NP _180260.1) A T2G26920. 1 685 7.00E-26 

GT969242 histone deacetylase complex subunit SAP18, putative [Ricinus communis] 

(XP _002511764.1) AT2G45640.1 346 4.00E-29 

GT969237 ATP binding [Arabidopsis thaliana] (NP _172382.4) AT1G09080.1 407 8.00E-09 

GT969073 60S acidic ribosomal protein PO, putative [Ricinus communis] (XP _002526873.1) AT2G40010.1 382 2.00E-21 
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Fig 3.14: SCF complex mediated ubiquitin-proteosome degrading pathway 

associated ESTs of tea roots under drought stress. 
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(GT969226), ubiquitin specific protease (GT969211 ), non~canonical ubiquitin enzyme 

(GT969321) and 265 proteasome non~ATPase regulatory subunit 11 (GT969263). 

3.3.5.2 Glutathione biosynthesis and metabolism 

Glutathione (GSH) is the most abundant low~molecular weight thiol in the cellular 

redox system used for both detoxification of ROS and transmission of redox signals 

(Meyer 2008). The pathway of glutathione biosynthesis is well established: two 

sequential ATP-dependent reactions allow the synthesis of y-glutamylcysteine from 

L-glutamate and L cysteine, followed by the formation of glutathione by addition of 

glycine to the (-terminal end of y -glutamylcysteine. These reactions are catalysed 

by y -glutamylcysteine synthetase and glutathione synthetase (Noctor et al. 2002). 

Glutathione reduces disulfide bond formed within cytoplasmic proteins to cysteine 

by serving as an electron donor to form glutathione disulfide (GSSG). Under 

oxidative stress, the enzyme GR, reverts it from its oxidized form. GR catalyses the 

NADPH-dependent reduction of the disutphide bond of oxidized glutathione. GSSG 

can then be reduced via reversible thiol-disulphide interchange reactions (Noctor et 

al. 2002). Moreover, glutathione-s-transferases (GSTs) enzymes catalyze the 

conjugation of glutathione (GSH) to the electrophilic groups of a large variety of 

hydrophobic molecules to detoxify cells (Dixon et al. 2008). 

There are genes of glutathione synthesis and metabolism i.e thioredoxin (GT969216), 

y-glutamylcysteine synthetase (GT969335), GR (GT969327) and glutathione-s

transferase (Contig31: GT969164, GT969353) in drought induced unigene set. 

3.3.5.3 Sugar synthesis, transport and metabolism 

Sugar production in plants is a vital process. Sugar status in plants modulates and 

coordinates internal regulators and environmental cues that govern growth and 

development during the entire life cycle (Rolland et al. 2002). In recent years, the 

study on molecular mechanisms underlying sugar sensing and signaling as well as 

sugar metabolism in plants under environmental stresses has been gaining interest. 

There are several genes in the unigene set, protein products of which sense the 

sugar status in cells such as calmodulins (GT969228), MAP kinase (GT969241 ). Sugar 
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transporter acts as a sugar sensor and is involved in phloem loading. There are 

unigenes for sugar transporter (GT969292) and hexose transporter (GT969219) also. 

Moreover, there are important genes of glycolysis and gluconeogenesis such as 

glucose-6-phosphate (GT969341 ), glyceraldehydes 3-phosphate dehydrogenase 

(GT969248) and phosphoenolpyruvate carboxykinase (GT969259). Further, several 

unigenes related to sugar synthesis, metabolism or its related pathways were also 

found such as trehalose-6-phosphate synthase (GT968834), UDP-glucose 4-epimerase 

(GT969354), Alpha-1 ,4 glucan phosphorylase (GT968806), UDP-glucosyltransferase 

family 1 protein (GT969193), endo-1 ,3-1 ,4-beta-d-glucanase (GT969195), 1-deoxy-D

xylulose 5-phosphate synthase (GT969225), UDP-sulfoquinovose synthase 

(GT969246), glycosyl transferase family 17 protein (GT969312), UDP-glucose 

glucosyltransferase (GT969315) and inosine-5'-monophosphate dehydrogenase 

(GT969350). 

3.3.5.4 Genic microsatellite marker analysis 

A total of 15 microsatellite repeat sequences were identified in drought induced 

root's unigenes. It has covered 6.09% of the total unigenes. They were designated 

according to the name and numbers of the corresponding unigene with additional 

'M' for marker. Due to less flanking regions either one of the both site i.e 5' or 

3'site, primer design could not be done for four identified SSRs. Details of the rest 11 

SSR markers and SSR containing unigenes were given in Table 3.6, for which primer 

design was done successfully with an annealing temperature of 58°C, 59°C or 60°C. 

There was recorded one compound SSR (UESTM 500). In total, there were 6 

dinucleotide, 5 trinucleotide (including the compound one) and 1 hexanucleotide 

repeats. The microsatellites were repeated from 3 to 17 times of which putative PCR 

product size ranges from 100-300 bp. 

3.3.6 Analyses of different steps of standard full-length library construction 

The synthesized dsDNA was visualized as smear in gel ranges from 300 bp to more 

than 12 kb in size (Fig. 3.15). Absorption ratios of 260/280 and quantity of dsDNA 

were found as 1.8 and 40 ng/j.Jl. The synthesized dsDNA was size fractionated into 14 

fractions, out of which 9 fractions (4-12) yielded visible smear in gels (Fig. 3.16). 



Table 3.6: Detection of EST-SSRs and putative functions of the SSR-containing drought induced unigenes 

loci NCBI protein hits Repeat units Primers (5'---3') Tm (0C)* 

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
UESTM28 

UESTM384 

thioredoxin h1 [Glycine max] (ABV71991.1 ); 3E-48 

homeodomain 20 transcription factor [Nicot;ana attenuata] 
(ADI50265.1); 1E·06 

(ATT)s F ·CACCCCAAGACTGAAGAAGAAAAGG 59 
R-CAATCTCTCATAAAAACAAAGGAAATGC 

(AG)n f· TGGATAGAGACATGGAA TGGTG 60 

UESTM405 beta·d-glucanase, putative [Ricinus communis] (XP _002516793.1 ); 7E-76 (TC)9 
R-CCGGGAGAATACAAAGTAACAGA 
F-TCCAGATATCTCTGAATCTCTCCTATTCG 58 
R·ATAGAAACCAGCAGCCGCGAC 

UESTM421 ubiquitin-specific protease 12 [Nicotiana tabacum] (ACJ04334.1); 7E-37 (TC)17 F-CACA TTTGAGAAGCCAGTGAGA 60 
R-CCTGGTGTGGGGTTGTTG 

UESTM457 unknown protein [Vitis vini{era] (CAQ58595.1 ); 3E-51 (TAA)5 F-GCTTTCTGCTTACTCTTCTGCC 60 

UESTM472 chlorophyll binding protein [Lycoris aurea] (ABJ99590.1 ); 7E-31 

UESTM486 hypothetical protein [Vi tis vini{era] (XP _002267006.1 ); 1 E-11 

UESTM498 no significant hit found 

UESTM500 transmembrane emp24 domain containing protein 10, putative 
[Ricinus communis] (XP _002513789.1 ); 3E·09 

UESTM512 no significant hit found 

UESTM578 GTP binding protein [Helianthus annuus] (AAM12880.1 ); 6E·22 

*Tm=annealing temperature 

R-CATACGACACAGACTACAAACTGC 
(AG)11 F -CGGAT AA TATGCCAAA T AAACTCTGCAC 59 

R-GGTTGGCCATGTTGGGTATGTTG 
{CAG)6 F-AGGTAATAGTTTGCCACCTCCA 60 

R-CTGTGTTGTTGGCTGATGACTT 
(GA)11 F -GCCCCAGAACAGAGAGAAACTA 59 

R-AGGAGGGAGATGAAGACACAAA 

(GA)9 (TCT)s F-CTGTCTTCCTCACGGCTCAT 
R-GACGTTGTTCTGGATTTCCTTC 

(GTTTGTh F-AGAAGCACCACCACCTCTTTTA 
R-CACCTCTTTTACTCGGTCATCA 

(GAT)s f·CTCCAGAAGTGCAGA TTGACAT 
R-A:CAATTCCAAACCACCCTACAC 

60 

60 

60 



M1 D M2 M 1 1 2 3 4 5 6 7 8 9 1 0 11 12 1 3 14 M2 

Fig. 3.15 (left) Size ranges of ds eDNA synthesized through LD PCR (0, LD PCR product) 

Fig. 3.16 (right) Size fractionation of cDNAs through chroma spin 400 column (1-14 

serial numbers of fractions collected in corresponding tubes; (M1 = 1 kb DNA marker, 

M2= 1 00 bp DNA marker). 

Fig. 3.17 Plaque forming units of unamplified (left) and amplified (right) full-length 

eDNA libraries. 
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The size ranges of DNAs in the first three fractions showing smear (4-6) was 400 bp 

to more than 10 kb. 

Out of the three ligation reactions that set up with different vector to eDNA 

combinations, the 1. 5:1 ratio of eDNA to vector ratio was found optimum for 

ligation. Titer values of the unamplified libraries of each ratio of eDNA to vector i.e 

0.5:1, 1:1 and 1.5:1 were found as 0, 1 x 103 and 3.15 x 105 pfu/ml [Fig. 3.17 (left)], 

respectively. The unamplified library constructed by the 3rd eDNA to vector 

combination i.e 1.5:1 was selected and amplified subsequently for further use. 

Titering value of this amplified library was found 1.823 x 109 pfu/ ml [Fig. 3.17 

(right)]. The recombinant percentage of the library was estimated as 83.8%. 

3.3.6.1 Generation and clustering of full-length unigenes 

A total of 1000 cell colonies were randomly picked, cultured and subsequently 

extracted plasmids. Sequencing of these has been produced a total of 811 ESTs 

which were deposited in dbEST, NCBI (Genbank accessions: GH623575-GH624058; 

HS389643-HS389969). Read length of sequences found in between 100 to 700 bp. 

There were found 586 numbers of vector cleaned and above 100 bp length 

sequences. Length of vector cleaned sequences ranges from 101 to 691 bp with an 

average length of 376 bp. Finally, 346 sequences were passed through quality 

parameters which included sequences of 46% no significant hits in database (160 out 

of 346), 8.38% unknown proteins (29 out of 346), 22.54% predicted proteins (78 out 

of 346), 1. 73% chaperones and heat shock proteins ( 6 out of 346) and 21. 1 0% 

enzymes as welt other functional proteins. The quality sequences were clustered 

into 58 contigs comprising 2 to 28 individual ESTs in a single contig and 149 singlets 

producing a total of 207 unigenes (Fig. 3.18). Average length of the unigenes was 

found 401 bp where consensus sequences of contigs ranges from 103 to 685 bp and 

singlets ranges from 101 to 670 bp. Contigs containing more than 4 ESTs and e-value 

less than 1E-10 were depicted in Table 3.7. The unigenes were assigned a name as 

USR1, USR2 and so. 
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Fig. 3. 18 Distribution and numbers of assembled standard full-length ESTs 



Table 3.7: Assembled clusters that contain more than 4 full-length ESTs and e-value less than 1E-10 

Contig IDs Homology No of ESTs Organisms Gene IDs E-value score 

-----------------------------------------------------------------------------------------------------------------------------------------------------------------
contig45 DnaJ protein 9 Daucus carota AAG24642.1 253 1.00E-65 

contig38 metallothionein-like protein 9 Camellia sinensis ABD97882 93.6 3.00E-17 

contig40 helicase, putative 5 Ricinus communis XP _002520439. 1 101 B.OOE-20 

contig36 xylem sap protein 4 Solanum lycopersicum ADQ57297.1 173 1.00E-41 

contig39 predicted protein 4 Populus trichocarpa XP _002316984.1 125 1.00E-27 

contig2 proline-rich protein 4 Gossypium hirsutum ABM05952.1 139 2.00E-31 

contig22 Acyl-CoA binding protein (ACBP) 4 Digitalis lanata CAB56693.1 89 2.00E-16 

contig30 conserved hypothetical protein 4 Ricinus communis XP _002531502. 1 97.4 5.00E-19 
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3.3.6.2 Functional annotation of full-length unigenes 

Functional annotation of full-length unigene set reveled that there were 42% of 

overall GC content and 1272 numbers of cds containing 43% coding GC. Codon usage 

alalysis showed that leucine (L) was the highest coded (9. 92%) amino acid in 

comparison to others followed by serine (S) (8.02%) and glycine (G) (6.68%). Besides, 

the least coded amino acid was found as tryptophane (W) (2.0%) followed by 

methionine (M) (2.03%) (Fig. 3.19, Appendix·D 1.2). 

A total of 35.75% unigenes (74 out of 207) was assigned to functional categories i.e 

cellular component, biological process and molecular functions as defined in 

Arabjdops;s proteome (Fig. 3.20, Appendix-0 2.2). In cellular component category, 

other intracellular components related genes were found in highest numbers 

(20.24%) followed by other cytoplasmic components (14.88%) and unknown cellular 

components (13.31%) related genes. In this category, the least numbers were found 

golgi apparatus, extracellular and endoplasmic reticulum related genes each with 

0.60% followed by mitochondria and cell wall related genes each with 2.38%. In 

biological process category, other cellular processes related gene was found in 

highest numbers (26. 74%) followed by other metabolic processes (19. 79%) and 

protein metabolism (13. 90%) related genes. In this category, the least number was 

found signal transduction and transcription related genes each with 0.54% followed 

by DNA or RNA metabolism (1.07%) and transport (2.14%) related genes. In molecular 

function category, highest number of genes was found in other enzyme activity (23%) 

followed by other binding, protein binding and unknown molecular functions related 

genes each with 13%. In this category, least number of genes was found in 

transporter activity and transcription factor activity related each with 1% followed 

by kinase activity and nucleic acid binding related each with 2%. Interestingly, 6. 95% 

of genes related to abiotic or biotic stimulus were also found under normal growth 

of roots. 

3.3.6.3 Identification of redundant genes under normal growth and drought 

stress 

Homolog analysis of unigenes between drought stressed and standard or normal 

growth of roots, 246 and 207 numbers, respectively, revealed 10 numbers of 
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Fig. 3.19 Codon usage analysis of standard full-length unigenes 
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common or redundant unigenes. The identity percentage of the homolog genes was 

found more than 80 and e-value less than 1E-05 (Appendix-D 3.1 & 3.2). This result 

showed that 4.23% of drought induced genes were also available under normal 

growth of roots, on contrary, 4.83% of genes required for normal growth of roots 

were also induced by drought stress. The identified homolog genes coded for heat 

shock protein, profilin, lipid binding protein, 60S ribosomal protein L31 etc. (Fig. 

3.21 ). 

3.3.7 Comparative analysis of unigenes under normal growth, drought and winter 

dormancy stress 

In order to comparative analyses of genes under normal growth, drought and winter 

dormancy stress, a total of 1568 tea leaf ESTs were downloaded from dbEST, NCBI. 

There were 451 ESTs (GH733750.1-GH734202.1) generated under normal growth and 

665 (GH623183-GH623574; GH738509.1-GH738781.1) as well as 490 (F£942774.1· 

FE943102.1; FF682697.1-FF682833.1; GH454303.1-GH454326.1) ESTs generated 

under drought and winter dormancy stresses, respectively. Out of these ESTs, a total 

of 300, 321 and 478 ESTs for normal growth, drought and winter dormancy stress, 

respectively were passed through quality parameters. There were sequences of no 

significant hits in database, predicted proteins, unknown proteins, transcription 

factors, chaperone and heat shock proteins as well as enzymes and other functional 

proteins (Fig. 3.22). Unigenes were named as UWL for winter dormancy, as UDL for 

drought stress and USL for normal growth of leaves. Details of each unigene set such 

as average sequence length, GC content, coding sequences and highest coded amino 

acid were depicted in Table 3.8 (Appendix-D 1.3-1.5). Leucine was found as highest 

coded amino acid in normal growth, drought and winter dormancy stress. It was 

followed by arginine (6.70%), serine (9.12%) and lysine (8.49%) under normal growth, 

winter dormancy and drought stress, respectively. 

A total of 60% unigenes under normal growth, 61% unigenes under winter dormancy 

stress and 32% of unigenes under drought stress were assigned to various functional 

categories as established in Arabidopsis (Appendix-D 2.3-2.5). Comparative analyses 

of functional categories among the unigenes of normal growth, winter dormancy and 

drought stress revealed interesting results (Fig. 3.23 ). In molecular function 
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Fig. 3.21: Venn diagram of genes that expressed in roots under drought and normal 

conditions. The genes were put in three groups: genes of normal conditions, drought 

and in both drought as well as normal conditions of which the latter category genes 

were mentioned. 
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Table 3.8: Details of the ESTs under normal growth, drought and winter dormancy stresses of tea leaves 

Conditions Total ESTs Quality ESTs AL * Unigenes (C+S)* Coding GC (%) 

Normal growth 

Winter dormancy 

Drought 

453 

490 

665 

300 

478 

321 

518 152 (24+128) 

425 421 (39+382) 

395 116 (45+71) 

45 

44 

38 

*AL= average length, Unigenes (C+S) = unigenes (contigs+singlets), aa=amino acids 
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Fig. 3.22: BLASTx analysis of tea leaf unigenes under normal growth, drought and winter dormancy stresses. 
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category highest numbers of genes were of unknown molecular functions followed by 

other binding and other enzyme activity related genes. Unknown molecular function 

related genes were of 32.79% in normal growth, 22.50% under drought and 15.39% 

under winter dormancy stress. Likewise, other binding related genes were of 

18.03%, 12.50% and 17.95% in normal growth, drought and winter dormancy stress, 

respectively. In this category, least number of genes assigned to function was other 

molecular functions followed by transcription factor activity and nucleic acid 

binding. Other molecular functions related genes were found 3.28% only in normal 

growth. Besides, transcription factor related genes included 2.50% under drought 

and 3.85% under winter dormancy stress. 

In biological process category, highest number of genes was of other cellular 

processes followed by other biological metabolic processes and response to abiotic 

or biotic stresses. Other cellular processes related genes were of 21.89% in normal 

growth, 21.25% under drought and 19.50% under winter dormancy stress. In abiotic 

or biotic stress response related genes were of 12.43% under normal growth, 15% 

under drought and 11.50% under winter dormancy stress. In this category, the least 

number of genes was related to transcription factor followed by DNA or RNA 

metabolism. Transcription factor related genes were found 1.50% only under winter 

dormancy stress. Besides, DNA or RNA metabolism related genes were found 1.25% 

under drought and 1.00% under winter dormancy stress. 

In cellular component category, other intracellular components related genes were 

found highest in number followed by other cytoplasmic components. There were 

20.31%, 25.60% and 20.13% of genes related to intracellular components under 

normal growth, drought and winter dormancy stress, respectively. Other cytoplasmic 

components related genes were found as 14.21% under normal growth, 16.80% under 

drought and 13.84% under winter dormancy stress. In this category, the least number 

of genes were found related to mitochondria followed by extracellular related 

genes. The mitochondrial related genes were found as 1 . 52% under normal growth 

and 1.26% under winter dormancy stress. Besides, extracellular related genes were 

found 3.05% under normal growth, 0.80% under drought and 2.52% under winter 

dormancy stress. 
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Homology search between unigenes of roots and leaves revealed that there were 

only 12 common unigenes including dehydrin, hexose transporter, histone etc. under 

drought stress (Fig. 3.24, Appendix-D 3.3 &: 3.4). This result showed that 10.35% 

genes of leaves were also found in roots, on the other hand 5.13% genes of roots 

were also found in leaves under drought stress condition. That way, there were only 

3 genes i.e hexose transporter, ribulose 1, 5-bisphosphate and predicted protein, in 

common between normal growth and drought stress of leaves (Fig. 3.25). This result 

indicated that only 1. 97% genes of normal growth were found under drought stress 

of leaves. However, 11.18% genes of normal growth were found under winter 

dormancy stress (Fig. 3.25). Although, only 1.19% genes of winter dormancy stress 

were found under drought stress in leaves (Fig. 3.25) (Appendix-D 3.5-3.10). 
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conserved hypothetical protein 
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putative reverse transcriptase 

predicted protein 
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Fig. 3.24: Venn diagram of drought stress induced genes in roots and leaves. The genes 
were put in three groups: drought induced genes in roots, leaves and in both roots as 
well as leaves. 
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Fig. 3.25 Venn diagram of genes that expressed in leaves under drought, winter 

dormancy and normal conditions as well as those expressed mutually among these 

stresses. 
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3.4 Discussion 

Information in eDNA libraries is a powerful tool for identifying gene products of an 

organism. It lacks information about enhancers, introns and other regulatory 

elements found in a genomic DNA library. Construction of eDNA library, generation 

and analysis of ESTs has been proven to be a rapid and efficient way of obtaining the 

information on genes and its expression patterns (Alba et al. 2004). EST libraries and 

databases were successfully used in various crop plants for gene discovery, 

expression analysis, mapping and for comparative transcriptome analyses. 

3.4.1 Protocol optimization and RNA isolation 

Root is the plant part where initial stress signal from soil is perceived. Genetic 

investigation in root tissues of crop plant has been gaining importance to decipher 

the mechanism of different abiotic stresses. Plant adapted to environmental stresses 

such as drought by expressing specific stress related genes and metabolites 

(Alemzadeh et al. 2005). Primary need of gene expression studies is the isolation of 

quality RNA. Impurities in RNA hinder the process of downstream molecular 

manipulation such as RT-PCR, eDNA library construction (Azevedo et aL 2003). 

Woody plant tissue contains high Level of polyphenol, polysaccharides and other 

secondary metabolites which create problem in RNA extraction. These compounds 

bind and precipitate with nucleic acids (Barron 1997, Basia and Arie 2005). It 

becomes more problematic in case of stress induced tissues that accumulate higher 

amount of secondary metabolites for resisting the adverse environmental conditions 

(Camacho-Villasana et at. 2002). Longer precipitation step increases the chances of 

impurities that co-precipitate with nucleic acids (Barron 1997). It was observed that 

there was absolutely no need of 3 to 4 h or overnight incubation period for 

precipitation as reported in most of the published papers (Scott et al. 1998, Gehrig 

et al. 2000, Jaiprakash et al. 2003). 

3 .4. 2 SSH library construction, analyses and functional annotation of ESTs 

Suppression subtractive hybridization technique used for construction of eDNA 

library was found efficient for subtracting differentially expressed cDNAs in tea 
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roots. Although traditional subtractive hybridization methods have been successful 

in some cases, they require several rounds of hybridization and are not well-suited 

for the identification of rare messages (Duguid and Dinauer 1990, Hara et al. 1991 ). 

Through the analyses of 572 ESTs, an overall picture of drought specific tea root's 

transcriptome was drawn. There were 94.06% of ESTs showed significant similarity to 

sequences present in public databases. The rest sequences (5. 94%), without 

significant hits in the database might indicate their specific roles in tea roots under 

drought. There were also ESTs similar with unknown proteins (3.85%), however the 

number was much lower than that of a previous report (22.2%) in tea leaf 

subtractive library (Park et at. 2005). It may be due to the reason of large number of 

sequence deposits in the database in the successive years. Average EST's length (428 

bp) was found more or less similar to previous findings in tea (Chen et al. 2005). 

There were most abundant ESTs for ribosomal proteins followed by molecular 

chaperones and heat shock proteins. Chen et al. (2005) also reported higher number 

of ribosomal ESTs in a tender shoots eDNA library of tea. Higher number of 

chaperone and heat shock protein ESTs was found may be due to the up-regulation 

of transcripts under drought stress. Surprisingly, there were ESTs for the chl a/b 

binding protein and embryo specific protein in the library. Similar finding was 

reported during the transcripts analysis of roots in white lupin (Lupinus albus L.) 

(Tian et al. 2009). It was presumed that either they have shared certain conserved 

motifs between the sequences or they are homologous sequences encoding 

chloroplast and leucoplast proteins. In present analysis, the coding GC was found 

higher (44.46%) than that of Camellia irrawadiensis (41. 95%), although it was similar 

to apple (44%) (Newcomb et at. 2006) and other dicots represented in the codon 

usage database (Nakamura et al. 2000). There were 5.56% of non-redundant 

sequences without a significant hit in Arabidopsis genome. This result was similar to 

the finding in apple ESTs (5%) (Newcomb et al. 2006). Further, detection of ORFs in 

non-redundant sequences of 97.23% unigenes was similar to the report of Shu et al. 

(2009) in tree peony. It strongly suggests that most of the ESTs were truly captured 

and generated from the expressed part of the genome. Searching of domain 

structure in the ORF revealed 34.55% of unigenes containing a functional domain, 

most of which (85%) were conserved in nature. The most abundant domain was of 

heat shock protein domain. Number of unigenes containing a functional domain was 

lesser than that of tree peony (45.4%) (Shu et al.2009). The identified conserved 
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domains suggested their role in drought tolerance in diverse plant species including 

tea. It includes AP2 domain, LEA super family, NAM super family, cuUin family etc. 

which clustered into nine groups and several out groups in phylogenetic tree. It 

suggests that most of them have evolutionary relationship. In peptide sequences, 

singal peptide and anchor sequence position were mined. Since, signal peptides are 

responsible for directing the post-translational transport of a protein to their target 

organelles, identification of them based on the amino acid sequence and their 

validation is a big issue in proteomics. The identified peptide signal and anchor in 

the protein sequence such as TIA-LM in Hsp20 domain, SLA-VT in LEA domain and 

VMT-IF in sugar transporter domain, domain provides for the first time a basis for 

future research in tea. 

3.4.2.1 Gene ontology analysis 

Gene ontology terms are commonly used for the functional characterization of genes 

and gene products and to facilitate queries among genes from different organisms 

(http://www.geneontology.org/). Ontology covers three domains: cellular 

component, the parts of a cell or its extracellular environment; molecular function, 

the elemental activities of a gene product at the molecular level, such as binding or 

catalysis; and biological process, operations or sets of molecular events with a 

defined beginning and end, pertinent to the functioning of integrated living units: 

cells, tissues, organs, and organisms (Botton et al. 2008). A total of 76% unigenes 

were assigned to diverse functional categories based on Arabidopsis proteome hits. 

There were reports of GO analysis in tea unigenes generated from leaf for secondary 

metabolism (Park et al. 2004) and shoots (Chen et at. 2005). However, there was no 

such report of GO analysis of transcripts generated under stress conditions for any 

kind of tissues. In present analysis, other intracellular components (19.64%) and 

other cytoplasmic components (16. 78%) were found in highest numbers in cellular 

components category. It may due to the rapid synthesis of osmolytes and other 

metabolites under drought. In normal conditions, other membrane proteins were 

found in highest number in white lupin (Lupinus albus L.) roots (Tian et al. 2009). In 

biological process category, results were almost similar to Tian et al. (2009) except 

a high abundance of transcripts for response to stress (13.03%) and response to 

abiotic or biotic stimulus (11.45%) which was expected. However, it accounted for 
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9.2% in tea leaf (Chen et al. 2005). Moreover, metabolism category reported 8.5% 

transcripts in tea leaf (Park et al. 2004) whereas it was found 18.28% in present 

analysis of roots under drought. In molecular function category, other binding 

(12.89%) and transferase activity (12.19%) proteins were abundant whereas, in lupin 

unknown molecular function proteins were found abundant (Tian et al. 2009). 

3.4.2.2 Drought associated genes and genetic pathways 

Drought tolerance in plant is a complex trait that involves mechanisms to avoid or 

tolerate water deficit conditions. Genotypes responding differently to drought stress 

show differences in gene expression patterns of which a portion is involved in 

drought tolerance mechanism (Rabello et al. 2008). In present study, genes found 

exclusively in the tolerant genotype were reported for identifying the genes and 

genetic pathways associated to drought tolerance. Similar to Arabidopsis and Rice 

(Shinozaki and Yamaguchi-Shinozaki 2007, Rabbani et al. 2003), the identified genes 

for drought tolerance can also be classified into functional and regulatory groups 

depending on the proteins they code for. In functional category, ion channels and 

transporters such as vacuolar H+-ATPase, potassium channel beta, sugar transporter; 

detoxification enzymes such as Cu/Zn SOD, glutathione reductase, thioredoxin 

peroxidase, benzoquinone reductase, arginine decarboxylase; macromolecular 

protector such as LEA, chaperone; key enzymes for osmolyte biosynthesis such as 

glucose-6-phosphate, trehalose-6-phosphate synthase, y-glutamylcysteine synthetase 

and proteases such as cysteine proteinase etc. were included. In regulatory proteins 

category, transcription factors such as ATP-binding cassette family protein, 

transcription initiation factor, zinc finger protein, NAC domain proteins; protein 

kinases and phosphatases such as MAP kinase, cdk8, ER Phosphatidate Phosphatase, 

phospholipase, purple acid phosphatase; ABA biosynthesis related proteins such as 

ethylene responsive element binding protein were included. First group of proteins 

is probably involved in abiotic stress tolerance and the second group of proteins is 

involved in regulation of signal transduction and stress responsive gene expression 

(Shinozaki and Yamaguchi-Shinozaki 2007). Some of the functional and regulatory 

proteins related to drought stress response and tolerance are discussed in this 

section and some are discussed with their related pathways in appropriate sections. 

ATPases, water channel proteins and ion transporters play a crucial role in 
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maintaining ion homeostasis under stress condition. Proton electrochemical gradient 

formed by the vacuolar ATPase provides the primary driving farce for the transport 

of numerous ions and metabolites against their electrochemical gradients which is 

the fundamental requirement of many cellular processes, such as osmoregulation, 

signal transduction, and metabolic regulation (Sze et al. 1992). The SOD enzyme 

constitutes a component of the first line of cellular defense against oxidative stress 

by early scavenging superoxide radicals and converting them to hydrogen peroxide 

(Chatzidimitriadou et al. 2009). Later, the peroxidases catalyse the conversion of 

hydrogen peroxide to water using ascorbate, glutathione or thioredoxin as substrate 

(Rossel et at. 2006). The LEA proteins are involved in protecting from damage 

caused by environmental stresses, especially drought, which has six different groups 

(Goyal et al. 2005). Group two has three super families, one of which is known as 

dehydrins (Goyal et al. 2005). Heat-shock proteins (Hsps) or chaperones such as 

Hsp70 and Hsp 90 are responsible for protein folding, assembly, translocation and 

degradation in many normal cellular processes. These proteins stabilize other 

proteins and membranes and are actively involved in protein refolding under stress 

conditions including drought (Wang et al. 2004). Organic osmolytes such as amino 

acids and derivatives, polyols and sugars are used as compatible solutes under 

drought stress to maintain cell volumes. The enzyme, trehalose-6-phosphate 

synthase catalyses the first step of trehalose biosynthesis. Trehaloses play an 

important role in drought tolerance of plants (Lee et al. 2003). Some genes that 

participate in alterations of glucose metabolism as a result of the limitation caused 

by low levels of intracellular C02 observed during drought stress were also 

identified. These include phosphoenolpyruvate carboxykinase which converts 

pyruvate to phosphoenol- pyruvate and glyceraldehydes-3-phosphate dehydrogenase 

which converts 1 ,3-bis-phosphoglycerate to glyceraldehydes-3-phosphate during 

gluconeogenesis. There are genes of metallothionein, a superfamily of low molecular 
G 

weight proteins that are involved in metal detoxification and scavenging of oxygen-

free radicals, which can decrease injury in oxidative tissue (Talame' et at. 2007). 

Genes associated to maintenance of cell turgor and stress signaling were also 

identified such as NAD+ kinase/calmodulin binding proteins and ATP binding proteins 

(Ranty et al. 2007). There are genes of ethylene responsive element binding protein. 

Ethylene is a welt-characterized phytohormone that may act alone or in combination 

with ABA in regulating gene expression under drought (Ogawa et al. 2005). NAC 
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(NAM, ATAF1 /2 and CUC2) domain proteins are plant-specific transcriptional factors 

known to play diverse roles in various plant developmental processes (Hu et al. 

2006). NAC domain protein such as RD26 is induced under dehydration stress (Fujita 

et al. 2004). Zinc finger proteins are well known signal proteins that response to 

various stress such as drought, cold and salt (Mukhopadhyay et al. 2004). There are 

also genes of MAP kinases, which include a family of ser /thr protein kinases 

functioning in many signal transduction pathways. MAP kinase cascades a series of 

phosphorylation events to amplify and transmit signals (Qiang et al. 2000). 

Phospholipase D (PLD) and its product, phosphatidic acid, exert their effects by 

functioning in signal transduction cascades and by influencing the biophysical state 

of lipid membranes. It has been implicated in multiple stress responses in plants 

including drought (Bargmann and Munnik 2006). In general, plants respond to abiotic 

stresses including drought by regulating pathways that counteract oxidative damage 

and maintain intracellular redox environment (Hicks et al. 2007). 

3.4.2.2.1 Ubiquitin-proteasome degrading pathways 

Role of ubiquitination in plants for conferring drought tolerance is well documented 

in literature. In the eukaryotic ubiquitylation system, there are only one or two 

ubiquitin activating enzymes (E1 ), a few dozens of ubiquitin -conjugating enzymes 

(E2), and a large number of ubiquitin ligases (E3) (Yan et al. 2003). Out of all the 

ubiquitin ligases, SCF class of E3 Ugases has been thoroughly studied in plants. In 

present investigation, all the genes of SCF complex of E3 were found which 

indicated its active role in drought tolerance of tea plants. E3 ligases provide the 

specificity based on which proteins to be ubiquitylated and degraded through the 

proteasome pathway (Ciechanover et at. 2000) are identified. Amino acid, lysine 

forms a conjugate with ubiqutin within the substrate and plays a vital role in 

selective proteasomal degradation (Moon et al. 2004). Drought tolerance in plants 

has been well-demonstrated in plants through the over expression of ubiquitin or 

other genes of ubiquitin-proteasome degrading pathways. Tobacco plants 

transformed with wheat (Triticum aestivum) ubiquitin, Ta-Ub2 demonstrated well 

that the overexpression of monoubiquitin might be an effective strategy for 

enhancing drought tolerance in plants (Guo et al. 2008). Enhanced drought and salt 

tolerance was also reported in Arabidopsis through the over expression of soybean 
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ubiquitin-conjugating enzyme gene GmUBC2 (Zhou et al. 2009). Jae-Heung et al. 

(2006) reported that up~regulation of an Arabidopsis R!NG-H2 gene, XERICO, confers 

drought tolerance through increased ABA biosynthesis. OsSK/Pa-overexpressing rice 

showed significantly increased ROS scavenging ability and transcript levels of many 

stress-related genes, including SNAC1 and rice homologs of CBF2, PP2C, and RD22, 

under drought stress conditions (Hou et al. 2009). 

3.4.2.2.2 Glutathione synthesis and metabolism pathways 

Glutathione is an important antioxidant that takes part in the control of cellular 

hydrogen peroxide level. The enzyme, y-glutamylcysteine synthetase catalyses the 

first and rate limiting step and is important in GSH homeostasis (Hicks et at. 2007). 

Overexpression of y-glutamykysteine synthetase confers freezing tolerance in 

Chorispora bungeana (Wu et al. 2008), herbicide tolerance in popler (Gullner et al. 

2001) as well as heavy metal tolerance in Arabidopsis (Li et al. 2006). However, 

there were no reports on drought tolerance. Change in the ratio of reduced (GSH) to 

oxidized (GSSG) form of glutathione during the degradation of peroxide is important 

in redox signaling pathways. Reduced glutathione (GSH) is involved directly in the 

reduction of most active oxygen radicals generated due to stress ( Shao et at. 2008). 

GR mediates the reduction of GSSG to GSH by using NADPH as an electron donor, and 

thus a highly reduced state of GSH/GSSG ratios is maintained (Carvalho and Contour

Ansel 2008). GR activity has been shown to increase in various plant species under 

drought, high light intensity, heavy metals, salinity etc. (Rao and Reddy 2008). Up

regulation of GR gene under drought was reported in cowpea (Contour-ansel et al. 

2006) and common bean (Torres-Franklin et al. 2008) as well as it confers drought 

tolerance in transgenic tobacco (Foyer and Noctor 2005). GST detoxifies endobiotic 

and xenobiotk compounds by covalently linking glutathione to a hydrophobic 

substrate, forming less reactive and more polar glutathione s-conjugate (Neuefeind 

et al. 1997). Overexpression of GST gene under drought was reported in wheat 

(Triticum aestivum) (Galle et al. 2005), barley· (Guo et al. 2009) and in transgenic 

tobacco plant transformed with a GsGST from wild soybean (Glycine soja) (Ji et al. 

201 0). These results suggest the role of glutathione in drought tolerance mechanism 

of tea. 



103 

3.4.2.2.3 Sugar synthesis, transport and metabolism 

Sugar synthesis, transport, its storage and metabolism involved in the control of 

growth and development during the entire plant life cycle. In general, low sugar 

status enhances photosynthesis, reserve mobilization and export whereas the 

abundant presence of sugar promotes growth and carbohydrate storage (Rolland et 

al. 2002). Higher accumulation of sugar under abiotic stress including drought is well 

-documented in literature (Vajrabhaya et al. 2001, Rolland et al. 2002, Hoffmann 

2010). Over expression of sugar synthesis, transport or metabolism related genes in 

plants confer drought tolerance such as Trehalose-6-phosphate synthase (TSP1) 

transgenic potato (Yeo et al. 2000) as well as glyceraldehyde 3-phosphate 

dehydrogenase and hexose transporter transgenic Arabidopsis, respectively (Yang et 

al. 1993, Yamada et al. 2010). There are various reports of differential expression of 

sugar synthesis and metabolism related genes under drought such as 

phosphoenolpyruvate carboxykinase (Rabello et al. 2008), inosine-5'-monophosphate 

dehydrogenase (Kushwaha et al. 2009), Alpha-1, 4 glucan phosphorylase (Abebe et 

al. 2010) etc. Presence of high numbers of sugar synthesis and metabolism related 

transcripts including those of glycolysis and gluconeogenesis pathway associated 

genes in present analysis; suggest the rote of sugar and related pathway genes for 

drought tolerance in tea like that of other plants. 

3.4.2.3 Genic microsatellite markers 

Development of genic markers has a major impact on genetic analysis such as gene 

mapping and marker assisted breeding (Kumpatla and Mukhopadhyay 2005). 

Compared to the development of genomic tools and technology in other crops, the 

availability of such tools such as genic markers has been limited in tea. 

Computational identification and validation of unigene derived microsatellite 

markers (UESTM) have advantage of assaying variation in the expressed component 

of the genome with unique identity and position. It reduces the cost and facilitated 

the gene mapping and marker assisted selection (Sharma et al. 2009). Since UESTM 

markers containing unigenes corresponded to known proteins in database, it 

provides the scope to know the consequences of repeat sequences. It was reported 

that the frequency of EST-SSR was in the range of 2.65% to 10.62% in dicot plants 
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(Kumpatla and Mukhopadhyay 2005) and 1.5% to 4.7% in monocot plants (Kantety et 

at 2002). In present investigation, 6.09% of unigenes were found containing SSRs in 

the range of dicot species, however higher than that of monocots. This result was 

supported by previous results in tea where they found 8. 9% (Sharma et al. 2009). 

However, the frequency is significantly influenced by repeat length in the search 

genome of different plant species and the criteria used for SSR mining (Sharma et al. 

2009). In present analysis, it was found that the frequency of dinucleotide repeat 

was more followed by trinucleotide repeat. This trend of frequency of repeat 

sequences is in agreement with the earlier reports in tea (Zhao et al. 2007, Sharma 

et al. 2009). On the basis of previous reports, 60% of the designed primer pairs can 

be expected to apply functionally (Cordeiro et al. 2001 ). The functional application 

of EST-SSR for the assessment of inter- and intra-specific diversity was successfully 

done in several tea accessions (Jin et al. 2007, Zhao et al. 2007, Sharma et al. 

2009). These previous studies have enriched the marker resource in tea, however, 

there was no trait specific marker reported in tea so far. This present study of EST

SSR considerably broadens the scope of tea diversity studies and may present 

microsateUite sequences specific to drought, however, wet lab validation remains to 

be done. 

3.4.3 Full-length library construction, analyses and functional annotation of ESTs 

Full-length eDNA libraries are very important resources for isolation of the full

length cDNAs. Full-Length cDNAs are essential for the correct annotation of 

transcriptional units and gene products from genomic sequence data and for 

functional analysis of the genes. The SMART libraries contain a higher percentage of 

full-length clones than other libraries constructed either by conventional methods or 

other full-length eDNA synthesis protocols (Okayama and Berg 1982, Kato et al. 

1994). By analyzing 346 ESTs, an overall picture of tea root's transcriptome was 

drawn under normal growth. This transcriptome was used as standard for analyzing 

the drought induced transcriptome. Average length of the full-Length EST sequences 

(376 bp) was lesser than that of drought induced transcripts (428 bp); however this 

was due to variation of capillary length used during electrophoresis. In normal 

growth of roots, most of the transcripts were found either with no significant hits in 

database (46%) or with predicted proteins (22.54%). It was an indication that 



105 

numbers of genes in roots are still not discovered. However, there were less number 

of transcripts in these categories under drought such as only 5. 94% of no significant 

hits and 6.99% of predicted proteins. It seems that stress associated genes were less 

in number and most of them were known. There may be different set of genes in 

plants particularly in roots under normal growth and drought stress. This fact was 

also supported by the findings that there were only 10 common unigenes in roots 

under normal growth and drought stress. Probably this was the reason that 

functional assignment of unigenes generated under normal growth could be done 

only for 35.75% in contrast to 76% of drought associated unigenes. There were only 

1.73% chaperones and heat shock proteins found in normal growth, however, 3.85% 

of heat shock proteins and 3.67% of molecular chaperones were found under drought 

stress. It shows that drought stress induces chaperones and heat shock proteins. 

Higher accumulation of heat shock proteins in roots under drought have been 

reported in wheat (Sharma and kaur 2009) and mustard (Vartanian et al. 1987). 

Moreover, synthesis of enzymes and other functional proteins were also higher under 

drought (43.36%) in comparison to normal growth (21.10%). 

3.4.4 Comparative analyses of transcripts under normal growth, drought and 

winter dormancy stress 

Exposure of a plant to different environmental stresses may result in similar 

responses at the cellular and molecular level. This is due to the fact that the 

impacts of the stressors trigger similar strains and downstream signal transduction 

chains. A good example for an unspecific response is the reaction to stressors which 

induce water deficiency e.g. drought, salinity and cold (Becket al. 2007). 

Decline in temperature during periods of winter dormancy is one of the most obvious 

environmental factors experienced by tea plants. It is known that exposure of plants 

to abiotic factors including low temperature causes oxidative stress in which 

increased production of ROS is evident. During that period various stress associated 

genes get up-regulated to adapt or tolerate with the situation (Vyas and Kumar 

2005). Comparative transcripts analyses under drought and winter dormancy stresses 

revealed that there were only a few numbers of common genes in between these 

stresses. It indicates that there are different gene sets to adapt or tolerate with 
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each of these stresses. However, winter dormancy stress and normal growth shared 

a couple of genes which indicates winter dormancy stress is less lethal than to 

drought stress. Moreover, there was also indication for the presence of tissue 

specific gene sets to combate with drought stress. However, large number of 

transcripts analyses may give more conclusive results. 


