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1. Introduction

Rice is the most important cereal crop providing staple food for about half of the

world's population (Khush 1997). Rice has emerged as the model crop system to

understand basis of complex traits such as yield, hybrid vigor, disease resistance, and

aboitic stress tolerance. It has now become central to cereal genomics in view of its small

genome size, high-resolution genetic maps, and syntenic relationship to other

agronomically important cereal species (Devos and Gale 1997), which contribute the

major caloric energy source to human consumption. Rice crop occupies about one-third

of the world's total area planted to cereals and provides 35-60% of the calories consumed

by 2.7 billion people. More than 90% of the world's rice is produced and consumed in

Asia (Barker and Herdt 1985, IRRI 1989). Rice is the most widely grown crop under

irrigation. More than 80% of the available freshwater resources in Asia are used for

irrigation purposes and more than 90% of this water is used for rice production (Bhuiyan

1992). Rice is intimately linked to the food security in most of the developing countries

of Asia.

Rice is grown under almost all major agro-climatic conditions across tropical and

temperate countries. About 80% of the world's rice is grown under irrigated (55%) and

rain fed lowland (25%) ecosystems both of which depend on fresh water resources. The

limitation of water availability due to inadequate and erratic rainfalls has contributed to

as much as 15% loss (Dey and Upadhaya, 1996) in rice production, twice the damage

caused by biotic stresses. Drought stress is the major cause of rice yield instabilities

across diverse crop growing regions of Asia. Breeding for drought tolerance has been,

and continues to be, a difficult task as drought tolerance is a complex trait controlled by

many genes exhibiting incomplete penetrance, quantitative inheritance, and epistatic

interactions. Though conventional breeding and genetic studies of drought tolerance

yielded rich dividends and valuable information respectively, progress has been rather

slow and inadequate due to the complexity of the trait. Furthermore, drought stress

response in plants involves an array of different pathways associated with stress

perception, signal transduction, gene expression and regulation, leading to synthesis and

accumulation of a variety of bio-molecules. Recent developments in functional genomics

facilitated the assessment of gene function and expand the scope of biological



investigation from studying single genes or proteins to studying all genes or proteins at

once in a systematic fashion. This is naturally a preferred approach to unravel the genetic

determinants associated with abiotic stress tolerance in plants (Cushman and Bohnert,

2000) and apply to breeding procedures.

The rice genome is estimated to be 430 Mb, roughly four times that of

Arabidopsis genome. Gene predictions based on the assembled draft genome sequence of

rice (Goff et al., 2002; Yu et al., 2002) estimated to have about 32,000 to 50,000 genes.

To verify these in silico gene predictions based on different models, Expressed Sequence

Tags (ESTs) deposited in public domains such as NCBL, were effectively used. Expressed

sequence tags generated from high throughput transcriptome sampling represent a

snapshot of gene expression during defined developmental stages of rice growth cycle

and following specific biotic and abiotic challenges. The potential of ESTs as a valuable

gene resource and their applicability to elucidate gene function was rather underestimated

previously. With the availability of the genome resources and other allied technologies,

ESTs have become essential component for genome analysis, novel gene discovery and

accurate genome annotation in many plant systems.

In rice, large-scale ESTs have been generated from cDNA libraries of different

callus tissues or organs such as panicle, root and leaf at different developmental stages,

environmental stress conditions and hormone treatments. In general, these libraries

represent abundant transcripts and usually missed transcripts of low abundance. Owing to

the complex gene expression patterns in plants, such libraries may totally miss rare

transcripts. This becomes a critical factor in stress responsive gene expression studies.

On the other hand normalized cDNA libraries (Bonaldo et al., 1996) greatly reduced

clone redundancy and thereby increased the probability of detection of less abundant

transcripts. By utilizing this approach, normalized cDNA libraries were constructed

(Reddy et al, 2002) from drought-stressed rice seedlings in order to discover genes that

control and mediate gene expression under abiotic stress. Differential libraries were also

proved to be useful in many instances in uncovering genes controlling this trait in rice

and other plants. Molecular and functional genomic studies in model plants, Arabidopsis

and rice have identified a host of genes induced by abiotic stresses (Bray et al, 2000;

Bohnert et al, 2001; Zhu et al, 2001; Seki et al, 2002; Kawasaki et al, 2001; Kreps et



al., 2002). However, the mechanisms of stress responsive gene expression and stress

tolerance are yet to be unequivocally elucidated.

To uncover the stress transcriptome associated with drought-stress response in

rice, a true representative of monocot lineage diverged jfrom dicotsl 50 millions years ago

(Brendel et al., 2002), we have analyzed the large-scale gene resources generated from

normalized cDNA libraries of drought-stressed seedlings of rice and took a comparative

genomic approach to identify candidate genes of drought stress response.

The present study mainly deals with the identification of putative candidate genes

associated with drought-stress response in rice through large-scale cDNA analysis and

comparative genomic approaches. The objective is to identify genes whose expression is

related to the plant survival and adaptation to drought stress.

Objectives

• High-quality rice EST data analysis and submission to the public database

• Analysis of EST sequence profiles

• Development of EST database

• Annotation and mapping the EST s to rice genome sequence.

• Identification of stress responsive genes of rice through homology searches of

documented genes of other plants presumed to be associated with abiotic stress.

• Defining the possible candidate gene sequences deduced from expression profiling

analysis using the EST dataset.

• Analysis of the gene organization and identification of putative candidate genes at

target quantitative trait loci (QTL) associated with drought stress response in rice.

• Cloning of a full-length DREB transcription factor associated with drought-stress

response and analysis of organization of the DREB gene family in rice.



2. Literature Review

The variation in the genome size of different organisms attribute limitation to

sequence the large genomes and have taken alternative to complement the whole genome

through expressed sequence tags (ESTs). Expressed sequence tags (ESTs) are currently

the most widely sequenced nucleotide commodity from the plant genomes in terms of the

number of sequences and the total nucleotide count (Table 2.1). ESTs provide a robust

sequence resource that can be exploited for gene discovery, genome annotation and

comparative genomics.

The genomic tools developed initially in the Human Genome program have been

applied to plant systems recently through sequencing the genome of model plants and

other economically important plants. The results of plant breeding over millennia provide

all food, feed and fiber for human use. The population growth, water resources and global

environmental changes lead to projections to identify additional strategies to sustain the

crop productivity. Much of the yield increase of wheat rice, and maize from 1967 to

1997 is attributed to plant breeding and selection for high yielding genotypes; however,

there has not been an increase in yield potential (Cassman, 1999; Duvick and Cassman,

1999; Peng et al, 2000; Tollenaar and Wu, 2000). In other words, when grown in ideal

environments where pests are controlled, resources are not limited, and changes in the

environment are minimal, old and new cultivars have the same yield. Therefore, it is clear

that understanding plant response to abiotic stress is important at a very applied level of

plant improvement. There is also great potential to improve stress tolerance through

genetic engineering. Understanding the abiotic stress response and tolerance as a

biological phenomenon proved difficult because of trait multigenicity. The genetic

studies identified the phenotypic determinants of the organisms as single genes with

major affect or polygenes with minor affects along with the environmental component.

To unravel the genetic determinants of the complex traits such as abiotic stress

tolerance in plants, which is associated with genes and gene networks to exhibit adaptive

response, generation and analysis of ESTs has taken as fruitful approach (Cushman and

Bohnert, 2000). Expressed sequence tags generated from high throughput transcriptome

sampling represent a snapshot of gene expression during defined developmental stages



and following specific biotic and abiotic challenges. The molecular analysis of these

transcnpts collected as ESTs and the application of these abstractive resources were

underestimated previously. With the availability of the genome resources, ESTs have

become essential component for genome analysis, novel gene discovery and accurate

annotation.

Table 2.1: Genome size variation in cereals and model plants

Species

Oryza sativa
Hordeum vulgare
Triticum aestivum
Triticum durum
Triticum monoccocum
Sorghum bicolor
Secale cereale
Zea mays
Tomato
Arabidopsis
A vena sativa (oat)

2n

24
14
42
28
14
20
14
20

Ploidy

2*
2*
6*
4*
2*
2*
2*
2*

1C value
(P9)

0.4-0.5
5.1-5.9

16.5-19.5
13.2-13.8
4.0-6.0

0.7
8.3-10.5
2.4-3.0

% Repetitive
DNA

58-66
>70
>75
>75
>75
na

>75
60

Size M

430
5000

17000

5700
1000
2500
2670
950
125

26000

The present literature focus on the recent utilization technological advances

towards analyzing the global gene expression profiles in understanding complex

biological phenomenon such as abiotic stress tolerance in plants and the impact of

unraveling the gene functions.

2.1 Transcriptional profiling

2.1.1 Expressed Sequence Tags:

ESTs are partial sequences of cDNA, reversely transcribed from mRNA, and

represent a direct supply of coding intron-free sequences of genes. Improvements in

DN A-sequencing technology have paved the way for the use of large-scale single-pass

cDNA sequencing - which has given rise to large expressed sequence tag (EST)

collections (Table 2.2). The relative cheapness of EST sequencing and its associated

automation often make EST sequencing the most attractive route for broad sampling of



the transcriptome compared to other existing technologies. Large-scale Expressed

Sequence Tags have been analyzed from many plant species (Cooke et al, 1996; Shen et

al, 1994; Yamamoto and Sasaki, 1997) in view of their utility as powerful tools to

catalogue all the genes (Adams et al, 1991; 1995) and deciphering the roles of

transcriptionally regulated genes in different tissues. The analysis of the datasets from

Arabidosis and rice revealed similar patterns of EST abundance, and supported the

validity of the digital-northern approach. Few studies have focused on the analysis of

transcriptome profiles of rice seedlings subjected abiotic stresses like salt and cold

(Kawasaki et al, 2001; de los Reyes et al, 2003).

A special database, dbEST (Boguski et al, 1993), has been established to handle

the large amount of ESTs produced. To date dbEST contains 20,004,224 public entries of

which more than 25% of the sequences represent from plant kingdom.

dbEST release 020604 http://www.ncbi.nlm.nih.gov/dbEST/dbEST_summary.html

Table 2.2: Number of EST entries for cereals and model plants in dbEST division

Species

Triticum aestivum (wheat)
Zea mays (maize)
Hordeum vulgare + subsp, vulgare (barley)
Oryza sativa (rice)
Saccharum offwinarum
Sorghum bicolor (sorghum)
Secale cereale
Triticum monococcum
Triticum turgidum subsp, durum
Avena sativa (oat)
Arabidopsis thaliana (thale cress)
Glycine max (soybean)
Medicago truncatula (barrel medic)
Lycopersicon esculentum (tomato)
Solanum tuberosum (potato)

No of ESTs

549,926
391,145
352,924
267,943
246,301
161,766

9194
9973
7847

509
196,988
345,723
187,763
152,900
132,304

ESTs were extensively used as molecular markers for the construction of high-

density genetic linkage maps of rice and maize (Harushima et al, 1998; Davis et al,

1999) and for a physical map of rice (Kurata et al, 1997) and comprehensive YAC-based



rice transcript map (Wu et al, 2002). Furthermore the sequencing data can be used to

study gene families (Cooke et al, 1997; Epple et al, 1997) and they form a basis for SNP

development (Cho et al, 1999). Apart from applications in the field of genetic and

physical mapping, ESTs are the central resource for the analysis of gene expression with

the help of high-density arrays, as demonstrated for Arabidopsis (Schena et al, 1995;

Girke et al, 2000; Schenk et al, 2000), barley (Ozturk et al, 2002) maize (Wang et al,

2003), and rice (Kawasaki et al, 2001; Rabbani et al, 2003).

2.1.2 SAGE analysis:

Serial analysis of gene expression (SAGE) is also sequence-based approach

allowing the identification of a large number of transcripts present in tissues and the

quantitative comparison of transcriptomes (Velculescu et al, 1995). The principle of

SAGE is to generate a short specific tag (14 bp) from each mRNA present in a sample,

resulting in the production of a SAGE tags library representative of this sample. The

sequencing of these tags allows a high-throughput determination of their frequencies in

the library, which are correlated with the relative amounts of the corresponding mRNAs.

SAGE has proven to be a very powerful and robust method for investigating gene

expression at the whole-genome scale (Velculescu et al, 1997; Boon et al, 2002; Liang,

2002) and to reflect the actual relative contents of mRNAs in a sample (Chrast et al,

2000; Piquemal et al, 2002; Jung et al, 2003; Matsumura et al, 2003).

The major limitation of SAGE is that in most species, tag to gene assignment is

based on EST clusters or on available cDNA sequences. This results in very incomplete

identification of the transcripts revealed by SAGE tags, leaving many of them without

any match in the databases (Lash et al, 2000; Boheler and Stern, 2003; Pleasance et al,

2003). SAGE in plants faced the same problem, and gene identification using cDNA or

EST databases was not possible for up to 70% to 75% of the SAGE tags obtained from

rice (Oryza sativa) plants and Arabidopsis leaves (Matsumura et al, 1999, 2003; Jung et

al, 2003).

The described EST- and SAGE tag-sequencing methods result in complete gene

expression profiles. Not only genes that are present or absent in different tissues can be

studied, but also up- and down-regulations, which is a great advantage as compared to



techniques for differential expression which enables isolation of few candidate genes

through differential display (Liang and Pardee, 1992), RNA fingerprinting by arbitrarily

primed PCR (Welsh et al, 1992), representational difference analysis (RDA) (Hubank

and Schatz, 1994), subtractive hybridization (Wang and Brown, 1991) and differential

screening of arrayed cDNA clones (Byrne et al, 1995).

2.2 DNA sequence analysis and annotation

Biological research is now generating sequence data at an explosive rate.

Management and analysis of the enormous amounts of data will require powerful

computational resources. New software and hardware is needed for efficient data

processing, assembly and annotation, as well as for gene sequence predictions and

functional and structural classifications. Database integration is important to access all

kinds of data related to the sequence and the database entries must be automatically

updated regularly. Smaller highly annotated data sets for first-pass analyses will be

essential to reduce search times.

2.3 Abiotic stress responsive genes and stress tolerance

Different approaches were utilized to manipulate the mechanistic end-point of

stress tolerance such as over expression of superoxide dismutase in order to detoxify

oxygen radicals produced under stress (McKersie et al, 1996; Roxas et al, 1997).

Transgenic plants designed to synthesize high levels of osmoprotectants show elevated

levels of stress tolerance, but often suffer from deleterious pleiotropic effects such as

dwarfing (Tarczynski et al, 1993; Romero et al, 1997). Several other pathways

important to plant abiotic stress response have been relatively well described such as ion

homeostasis and salt tolerance (Hasegawa et al., 2000; Zhu, 2002); Na+/H+ antiporters

(Apse et al, 1999), ABA response pathway, (Leung and Giraudat 1998), lipid and

MAPK signaling pathways (Munnik and Meijer 2001; Jonak et al, 2002). Transcript

profiling will improve our understanding of each of these pathways and provide potential

avenues for plant improvement. Precise regulatory mechanisms of such pathways need to

be understood to effectively deploy the superior alleles in crop improvement for drought

tolerance. Transcript profiling is potential tool for identifying candidate genes.



2.4 Analysis of gene expression profiles

Model experimental systems in plants such as Arabidopsis and rice are highly

amenable to gene expression profiling particularly dealing with abiotic stress. There are

now several examples of plant abiotic-stress-related transcriptome profiling that have

revealed many new components in stress response pathways (Kawasaki et al, 2001;

Desikan et al, 2001; Ozturk et al, 2002; Chen et al, 2002; Kreps et al, 2002; Fowler

and Thomashow 2002; Seki et al, 2001, 2002; Rizskhy et al, 2002; Klok et al, 2002;

Kim et al, 2003; Yu and Setter 2003). The results reported thus far were derived very

differently by using various stress treatments, array formats, species, tissue types, and

time courses making it difficult to make direct comparison among studies.

It is now clear that changes in gene expression in response to abiotic stress

include both general and specific to a particular stress. The extent of overlap is becoming

increasingly clear. It is likely that the experience of multiple stresses by plants more

closely mimic field conditions than single stress treatments. These results suggest that

transcript profiling using a combination of abiotic stresses may better mimic field

conditions and further reveal novel patterns of gene expression. Plants make use of

common pathways and components in the stress response relationship. This phenomenon,

which is known as cross-tolerance, allows plants to adapt/acclimate to a range of different

stresses after exposure to one specific stress. Some stresses themselves are tissue-

specific. For example, the roots will perceive soil source abiotic stress, whereas extremes

in air temperature will be perceived by the aboveground biomass. It is also true that

physiologically, roots and shoots respond to drought stress differently. Roots can

continue elongation while at the same time shoot elongation is completely inhibited. The

consequence of this differential response is that roots can reach water in deeper soil while

inhibition of shoot elongation conserves water consumption (Sharp et al, 1988).

Kawasaki et al, (2001) described four stages of change in gene expression across time in

salt-stressed rice plants: instantaneous response, early response, early recovery, and stress

compensation.

The analysis of plants with a dysfunctional allele (a knock-out) derived by

insertional mutagenesis will be of immense value in deciphering molecular mechanisms

of stress resistance. Through extensive efforts of both private and public institutes,



collections with a knock-out in every gene in the genome (not including lethal mutations)

will be available in the near future in rice (http://tos.nias.affrc.go.jp/~miyao/pub/tosl7/),

maize, (http://www.zmdb.iastate.edu; http://mtm.cshl.org), and Arabidopsis

(http://www.biotech.wisc.edu; http://signal.salk.edu; http://www.tmri.org.com).

For genes not represented in the mutant collections, post-transcriptional silencing

via antisense or dsRNA may provide the necessary genetic material. The use of

experimentally induced promoters can also facilitate and increase the precision of this

approach. It is not uncommon for knock-out mutants to reveal no detectable mutant

phenotype or have a lethal effect. In these circumstances, over expression of candidate

genes may imply function. Mutant and over expression transgenic plants are also very

useful in revealing gene interactions within complex transcriptional pathways. For

example, an increase in expression of ABA-responsive genes was observed from the

transcript profile of the abhl mutant, which lacks a functional copy of a negative

regulator of the ABA response pathway. Moreover, gene expression profiling also

identified several new genes in this pathway (Hugouvieux et al, 2001). This approach

identified downstream elements that would normally respond to a functional copy of the

mutant allele and exclude other candidates. In another example, transcript profiling

(~l,300 genes) of Arabidopsis plants over-expressing DREBlalCBF3 identified 12

genes, 6 of which were previously unknown to be targets ofDREBJa gene (Seki et al,

2001). A more extensive analysis using an array of —8,000 genes and ecotype

Wassilewskija-2 plants over-expressing one of three regulators of the cold responsive

pathway, CBF1, CBF2, or CBF3, identified 306 genes responding to cold treatment

(Fowler and Thomashow, 2002). Interestingly, 28% of the cold responsive genes were

identified as not belonging to the CBF regulon, suggesting they belong to unidentified

cold stress response pathways.

2.5 Transcriptional regulation of stress-responsive genes (SRG)

The study of the promoter regions of stress responsive genes can be considered a

key step for the comprehension of the molecular mechanisms leading to gene activation.

Sequence analysis has revealed that different motifs are required for stress activation (ex-

acting elements). Each element responds to a specific hormone or environmental

10



stimulus, therefore the combination of different factors confers specificity to the stress-

related gene expression. Functional dissection of ABA-inducible gene promoters revealed

specific ABA-responsive elements (ABREs) containing the ACGT core element. In

cereals different ABREs have been found. The first examples were the wheat Em J a

ABRE (Marcotte et al, 1989) andMotifl ABRE from rice rabi6 (Mundy et al, 1990).

In Arabidopsis, a drought responsive element (DRE) corresponding to the sequence

TACCGACAT, has been found in the promoter region of several stress-related genes

(Iti78/rd29a and Iti76/rd29b) (Yamaguchi-Shinozaki and Shinozaki, 1994). The DRE

controls the cold and drought induction oird29a in an ABA-independent manner.

Common motifs have been observed upstream of the coding regions of

stress-induced genes. Based on the expression profile of Arabidopsis root cultures treated

with low oxygen across four time points, genes were clustered into six groups using

multivariate statistical analysis (Klok et al., 2002). Common motifs specific to each

cluster were observed in the 500 bp upstream of the coding regions. Among genes up

regulated in Arabidopsis treated with saline, drought, or cold, a majority had the DRE-

related core motif or the abscisic acid-response element ABRE (Seki et al., 2002). A

similar but weaker association of the DRE with the promoters of stress-regulated genes

was found in similar studies using a more comprehensive array (Chen et al, 2002; Kreps

et al, 2002).

2.6 Construction of Metabolic and regulatory networks associated with stress
response through global gene expression analysis.

In general, tolerance to abiotic stresses is associated with a host of morphological

and physiological traits; these include root morphology and depth, plant architecture,

variation in leaf cuticle thickness, stomatal regulation, osmotic adjustment, antioxidant

capacity, hormonal regulation, desiccation tolerance (membrane and protein stability),

maintenance of photosynthesis, and the timing of events during reproduction (Bohnerte/

al, 1995; Shinozaki and Yamaguchi-Shinozaki 1996; Bray 1997,Nguyen et al, 1997;

Edmeades et al, 2001), Several genes and pathways involved in the expression of above

traits in stress tolerance have been identified.
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The metabolic pathways are complex in several ways. Within a cell, a thousand or

more metabolites are distributed among several compartments. Expression patterns of a

host of genes belonging to different signaling events associated with abiotic stresses such

as ABA mediated genes, oxidative stress responsive genes and transcription factors under

cold and pathogen attack were analyzed using microarrays to identify candidate genes

and their role in stress resistance.

2.7 QTLs and candidate genes associated with abiotic stress resistance:

The recent advances in the genetic analysis and molecular mapping have led to

the identification of a great number of single loci, quantitative trait loci (QTLs)

associated with abiotic stresses. Many stress-related genes have been mapped and some

of them have been shown to co-segregate with stress tolerance QTLs. However, only a

few studies provide genetic evidence that the stress tolerance effect explained by a given

QTL can be attributed to a co-mapping stress-related gene. In cowpea, the accumulation

of the 35-kDa dehydrin was found to be involved in chilling tolerance during seedling

emergence. Allelic differences in the coding region of the dehydrin structural gene map

to the same position as the dehydrin protein presence/absence trait, which in turn is

associated with chilling tolerance/susceptibility (Ismail et al, 1999). These results also

demonstrate that allelic variations in a stress-related gene can significantly alter plant

stress tolerance ability.

Tn rice, 14 permanent populations have been reported so far, including two DHLs,

nine RILs, and one B1L for QTL mapping with population sizes of 65 to 315 (Xu, 2002).

Genetic maps used in QTL studies consists of 113 to 399 molecular markers. The

populations of 1R64/Azucena and CT9993 X 1R62266 have been shared internationally

for the mapping of many agronomic traits disease resistance, cold tolerance, and water-

stress tolerance. QTL have been studies in multiple environments towards identification

of shared or common QTLs. These studies revealed that the QTL with large phenotypic

effect are shared more frequently than QTLs with minor effects. For example three of the

11 QTL identified for leaf rolling were shared in three trials with different drought

intensities (Courtois et al, 2000). The information provided by genetic mapping about

the approximate location of the target loci would identify the possible candidate genes in
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the target region with the available wealth of genome sequence information. Fine

mapping combined with sequence analysis could narrow the chromosomal region

associated with quantitative variation down to a specific nucleotide change (QTN).

Comparative genomics has shown that not only the sequences of stress-related

genes are conserved, but the genetic basis of stress tolerance also have a common origin,

particularly in closely related genomes such as those of the Triticeae and rice. For

instance, the map interval on chromosome group 5 containing the Vrn-Al locus was

shown to be homoeologous to the region of rice chromosome 3 where the heading date

QTL Hd-6 has been mapped (Kato et al, 1999). Van Deynze et al, (1995) also

identified a possible relationship between the heading date QTL HdSa of rice and the

Vrn-H2 locus of barley on chromosome 4H. A QTL analysis of chilling tolerance in rice

seedlings led to the identification of thirteen QTLs located on rice chromosomes 1, 3, 9

and 11 (Misawa et al, 2000). It is known that rice chromosomes 3, 9 and 11 show large

regions of synteny with the homoeologous group 5 chromosome of the Triticeae, and

three cold tolerance QTLs on rice chromosome 3 are located in the same syntenic interval

where Vm-IA, Frl and Vr2 in wheat and QTLs for cold tolerance in barley have been

mapped. Interestingly, the genomic region controlling the vernalization response and

frost tolerance in winter cereals is orthologous to a region controlling the chilling

tolerance in a tropical plant such as rice (Misawa et al, 2000).

The comprehensive physical map of rice genome based on large-insert, low-copy

number bacterial clones, namely bacterial artificial chromosomes (BACs) and PI -derived

artificial chromosomes (PACs) fingerprints, have been constructed (Chen et al., 2002).

RGP high-density genetic map (Harushima et al, 1998) containing more than 2000 well-

mapped genetic markers was utilized to integrate the physical map. Many of these

markers are conserved among the grass genomes because they represent expressed genes

(cDNAs or ESTs). Utilizing the physical-genetic map of rice, high-resolution

comparative physical maps of cereal species can be developed. This will facilitate map-

based cloning of agronomically important genes in species with large genome sizes, such

as maize, wheat, and barley, using rice as a surrogate.

Several candidate genes putatively involved in drought tolerance can be identified

in the literature and gene databases (Skriver and Mundy 1990; Bray 1993; Ingram and
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Bartels 1996; Bohnert et al, 2000; Seki et al, 2001). The candidate genes potentially

involved in the plant's response under water-limited conditions can be divided in three

classes: (1) genes for which very strong evidence has already has been published, which

demonstrates their significant role under abiotic stresses conditions (Finkelstein and

Lynch 2000); (2) genes that have been identified as being of interest, but which require

further evaluation (Liu et al, 1998); and (3) those genes that have not been evaluated in a

plant, and therefore still need to be confirmed under experimental conditions (Guiltinan

et al, 1990).

QTL mapping, gene cloning, ESTs and genome sequencing projects have led to a

vast body of genetic information in public databases supplying the scientific community

with powerful tools for comparative genomics (Gai et al, 2000; Mekhedov et al, 2000).

The integration of genetic information from related species lead to the identification of

highly conserved sequences and/or regulatory mechanisms by which it is possible to

predict function and location of genes in different organisms that have been traditionally

studied separately. The analysis of the stress response of different plant species by

sequence comparison of stress-related genes and of cis- or /ram-acting elements or by

looking for conserved positions of stress tolerance loci among related genomes are

leading to identify the genetic determinants of stress tolerance.
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3. Materials and Methods

3.1 Materials

3.1.1 Sequence repositories and software resource used in EST analysis.

EST sequences are from O. sativa subsp, indica cultivar N22 (Fig.3.1) generated

from drought stressed seedlings. Rice genome sequence of the O. sativa subsp japonica

cv Nipponbare generated by the International Rice Genome Sequencing Project (IRGSP)

and draft sequence of the O. sativa subsp, indica cultivar (93-11) generated by the

Beijing Genomics Institute (BGI) available in the GenBank. The rice full-length cDNA

consortium sequences of Nipponbare cultivar. Full-length cDNA sequences of possible

candidate genes derived from Arabidopsis expression profiling studies from The

Arabidopsis Information Resource (TAIR). The nucleotide, protein and EST databases at

NCBI were utilized for homology search using BLAST program.

Standard sequence processing tools PHRED, Pharp, and Crossmatch were used

with Codoncode InterPhace. Homology search in the NCBI database was carried out

using network client software with the DNA Tools interface http://www.crc.dk/dnatools.

Genscan, GeneMark.HMM, RiceHMJVL Glimmer R, FGENESH, Rice Genome

Automated Annotation System (Rice GAAS) were used for accurate gene prediction.

Sim4, LALNV1EW V2.0 were used for identifying gene structure. Plant CARE and

PLACE databases were utilized for identifying cis-acting elements in the promoter

regions.

3.1.2 Chemicals and reagents used in Molecular Biology

The chemicals and reagents used in molecular biology experiments were obtained

from either U S Biochemicals (Amersham Pharmacia) or Sigma. Restriction enzymes and

T4 DNA Ligase were obtained from New England BioLabs. TA cloning kit, Taq

Polymerase and RNaseA were obtained from MBI Fermentas. DNA labeling kit and

radio labeled [a-32P]dCTP were obtained from BARC India. Nylon membrane Hybond

N+ was purchased from Amersham Pharmacia. Oligo nucleotide primers of HPLC grade

purity were synthesized from MWG, Germany. Plasmid isolation and purification kits

from Qiagen and Dye terminator ET sequencing reaction kit from Amersham Pharmacia
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were used in sequencing.

Plant material: Seeds of Nagina 22 rice cultivar were obtained from Directorate of Rice
Research (DRR).

3.1.3 EST source: High-quality ESTs generated from normalized cDNA libraries

constructed from drought-stressed seedlings of rice cultivar N22 (Reddy et al. 2002), An

outline of the EST generation has been shown here.
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3.2 Methods
3.2.1 Sequence processing and analysis

High quality EST sequences were generated from sequence chromatograms

obtained on MegaBACE 500 sequencer using PHRED (Ewing and Green, 1998). The

Phred base-calling program provides a quality value for each base called. The quality

value is based on the estimated probability that the base call is an error. Quality (Q) and

estimated call error are related by the following formula.

Q= -10 X log10 (probability error)

The estimates of probability of error are based on a number of factors, including

peak shape, spacing between peaks, signal strength and background noise (Ewing et al.,

1998; Ewing and Green, 1998). The major steps in the quality trimming process involve

calculating some average probabilities of error within a certain window along the length

of the sequence. The low quality regions preset at the beginning and end of each

sequence were trimmed using Phred 20 cutoff value.

Vector screening was performed using CROSS MATCH program with

Codoncode InterPhace software. CROSS MATCH is used to identify and "mask" vector

sequences before sequence assembly. Sequence reads often contain small fragments of

vector sequence before the cloning side, which can lead to assembly problems like too

many contigs or wrong contig ends (Fig. 3.2). CROSS MATCH can reduce or eliminate

such problems by identifying vector sequences in all individual reads, and masking any

vector sequence by replacing each matching base with an 'X1.

CROSSMATCH is based on a fast implementation of the Smith-Waterman-

Gotoh algorithm for local sequence alignments (Smith & Waterman 1981; Gotoh, 1982).

In addition, CROSSMATCH can constrain the comparison to "bands" around word

matches between two sequences, which leads to large speed gains without a significant

loss of sensitivity. CROSSMATCH produces local alignments, in contrast to end-to-end

alignments produced by variants of the Needleman-Wunsch algorithm. All matches of

reads to vector sequences that have an alignment score of at least 20 and are one match of

at least 12 bases were replaced by an "X" for each base in the matching region.

CROSSMATCH missed short vector sequences (shorter than 20 bases in the example
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above), as well as relatively short sequences with high error rates (for example, a 30-base

match with one error every 5 bases would be missed).

Sequences were edited for the removal of oligo dT track and other contaminants.

A batch file of ESTs having greater than 100 bp length of sequence reads were submitted

to the NCBI dbEST division of GenBank.

Fig. 3.2: Sequence processing and submission

3.2.2 Clustering

Comparing pairs of ESTs and looking for similarity is the basic element of

clustering. This comparison is complex because the underlying sequencing technology is

error prone - bases can be inserted, deleted, or misread. Clustering partitions the set into

subsets, or clusters, based on similarity. Clustering process reads one sequence from the

input file, compares the sequence against every existing cluster, and based on sequence



similarity, either add it to an existing cluster or make it the first member of a new cluster.

Each EST is a member of at most one cluster. Novelty is computed as the number of

clusters identified divided by the number of sequences clustered. Ideally each cluster will

uniquely represent a gene. Thus, the goal in constructing a UniGene set is to bring

together all of the ESTs sequenced for a given gene into a single cluster. This information

is useful for reducing redundant processing and for the annotation of EST sequences.

Phrap and CAP3 (Huang and Madan, 1999) assembly algorithms were used to

assemble the individual ESTs into clusters of sequences deriving from the same transcript

as tentative consensus sequences (TCs) and singletons representing unique transcripts.

Sequence assembly is a process that involves comparison of sequences, finding

overlapping fragment pairs, merging as many fragments as possible and creating a

consensus sequence from the merged fragments. Accurate assembly algorithms are

essential for reconstruction of the original DNA sequence grouping of ESTs in expression

profiling. PHRAP identifies all potentially overlapping pairs of sequences. That have at

least one "word" of length minmatch (typically 14 bases) in common, and the alignment

between the sequences must have an alignment score of at least minscore (default: 30).

PHRAP calculate the contig ("consensus") sequences, these quality scores of the contig

sequence are conservative estimates of the error probabilities in the contig sequences.

The higher sequence diversity in the sequenced 3-prime UTRs of the transcripts is best

used to distinguish between gene family members during assembly.

3.3 Gene annotation

Homology search was done against nonredundant (nr) nucleotide and protein

sequence databases using BLASTN 2.2.2 and BLASTX 2.2.2 versions of the BLAST

programs (Altschul et al., 1997) through BLAST 2.0 network client software with the

DNAtools interface (http://www.crc.dk/dnatools). The BLASTN program was used to

identify rice EST hits and rice BAC/PAC clones in the non-redundant (nr) nucleotide

sequence database, High Throughput Genomic Sequences (HTGS) division of GenBank

and the Chinese WGS (whole genome shotgun contigs) draft sequence of indica rice

genome in the NCBl database were extensively used. The results of the BLAST analysis

were manually checked for similarity in the aligned region (Fig. 3.3).
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CLUSTALX version 1.8 (Thompson et al, 1997) was used for pair wise and

multiple sequence alignments for the analysis of gene families. Gene organization was

analyzed using multiple gene prediction programs, Genscan, GeneMaik.HMM, Glimmer

R, and FGENESH, and aligning the known genes sequences to genomic sequences using

STM4 program (Florea et al., 1998). Gene annotation techniques based on ESTs (Bailey

et al., 1998) and gene-predicting algorithms complement each other in the sense that

ESTs are often effective in identifying 3-prime ends of genes where the gene finders

often fail, while gene finders relatively well determine the 5-prime ends which the

oligo(dT)- primed cDNA clones often fail to reach. EST sequences represent spliced

genes and are therefore valuable tools for determination of coding sequence in genomic

DNA. Comparison between ESTs and genomic sequences immediately revealed the

splice sites.

Stress responsive genes were analyzed for the known c/.s-acting elements in the

promoter regions by searching in the PLACE database (Higo et al., 1999).

Fig. 3.3: Flow chart of BLAST analysis of high-quality sequences
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3.4 Identification of putative stress responsive ESTs associated with abiotic stresses

The ESTs associated with stress response were identified from multiple sources

based on the compiled list of stress regulated genes documented or presumed to be

relevant to abiotic stress tolerance in more than one plant species (http://stress-

genomics.org/stressfls/expression/expression.html). Further, it is based on the

microarray expression profiles of possible candidate gene sequences, 650 from

Arabidopsis (Seki et al, 2001, 2002; Kreps et al, 2002), 150 from barley (Ozturk et al,

2002) and 100 from rice (Matsumura et al, 1999; Kawasaki et al, 2001; Rabbani et al,

2003). These were compared to the EST data set using TBLASTX with E-value >1 e"2().

All the stress responsive gene sequences were retrieved from the above studies and a

local database was constructed and utilized for BLAST analysis.

The identified putative candidate ESTs were mapped onto genetically anchored

BAC/PAC clones to identify the possible candidate genes at the QTL associated with

drought tolerance (Babu et al, 2003; Price et al, 2002; Price and Courtois, 2000; Zhang

et al, 2001).

3.5 Development of EST Database

The information pertaining to the analyzed ESTs, such as clone information,

Accession numbers, and annotation were phrased into MS-Access database.

3.6 Molecular cloning and sequencing of DREB family genes in rice

Primers were designed using the rice genomic sequence information in the NCBI

database to amplify DREB (Dehydration Responsive Element Binding) gene from rice

using primer 3 program. The forward primer carrying Sal I restriction site (5'

acgcgtcgacCC ATC ATC ACC GAG ATC GAC TCG AC - 3') and the reverse primer

with Not I restriction site (5'- ataagaatgeggecg CTC ATT GTT CGC TCA CTG GGA G

- 3') were used to amplify the target genomic DNA. PCR amplification was carried out

in MJ Research thermal cycler with the PCR reaction setup of initial denaturation at

94°C, 1 min; annealing 54°C, 1 min; and 72°C, 1 min for 30 cycles. The amplicons were

run on 1 % agarose gel, eluted, and dissolved in DNase free water. The amplified product

of 1.2 kb was cloned in TA vector pTZ57R using insT/Aclone PCR product cloning kit
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(MBI Fermentas). The ligation reaction was canied out in a total reaction volume of20ul

congaing 1 OOng of TA vector.

3.7 Transformation of Ligation mixture:

15fil of ligation mixture was added to 50 u.1 of competent cells and given heat

shock at 42°C for 2 min. The cells were recovered by incubating at 37°C for 60 min

without antibiotic. 100 ul of transformed cells were plated on LB agar plates containing

ampicillin (50fxg/ml) for the selection of transformed cells (Sambrook et al, 1989).

3.8 Miniprep of plasmid DNA:

The overnight grown bacterial culture (1.5 ml) was harvested by centrifugation

and the bacterial pellet was suspended in 200 \i\ of TELT buffer (50 mM Tris pH 8.0, 2.5

M LiCl, 62.5 mM EDTA pH 8.0 and 0.4% Triton X-100 added later) and 20 \i\ of

freshly prepared lysozyme (10 mg/ml) were added. After mixing, the suspension was

incubated at 95°C for 3 min. The bacterial debris was removed by centrifugation at

15,000 rpm for 20 min at 4°C. The plasmid DNA was recovered by adding 100 u.1 of ice

cold isopropanol and incubated on ice for 15 min. and centrifuged at 12,000 rpm for 20

min at 4°C. The pellet was washed with 70% ethanol, dried and dissolved in appropriate

volumes of TE buffer (10 mM Tris, pH 8.0 and 1 mM EDTA, pH 8.0).

3.8.1 Sequencing

Sequencing reaction was carried out as prescribed in DYEnamic ET Protocol

(Pharmacia). DNA template, 400 ng was used in each DYEnamic ET sequencing

reaction. The PCR product was purified and dissolved in 10 fj.1 of loading solution (70%

formamide) and used for injection.

The cloned product was confirmed by sequencing on Mega Bace 500 using M)3

forward and reverse primers. The sequenced DREB homologue of 1128 nucleotide length

was submitted to GenBank.

3.9 Plant material and stress treatment:

N22 seeds were surface sterilized with 5% sodium hypochlorite (NaOCl) for 5

minutes and rinsed with water for several times. Seeds were grown on rough filter papers

in see-through germination boxes at room temperature in dark. Seedlings were grown in

growth chambers with 16 hr light/ 8 hr dark cycle at 30 ± 2 °C. Stress treatment of the
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10 day old seedlings were treated either with 20% Poly Ethylene Glycol (PEG), 100 fj.M

ABA and 150mM NaCl. Control seedlings received only water. The seedlings were

harvested at regular intervals and quick frozen in liquid nitrogen or immediately

processed.

3.10 Northern Blotting:

3.10.1 Isolation of Total RNA:

Total RNA was isolated from shoot and leaf samples collected at different time

intervals after stress treatment using guanidine isothiocyanate method (Chomezynski and

Sacchi, 1987) with minor modifications. The harvested tissues were quick frozen in

liquid nitrogen and stored at -70°C. Five grams of freshly harvested or frozen tissues

were ground in liquid nitrogen to a fine powder, transferred to tubes with extraction

buffer (4M-guamdine isothiocyanate, 20mM EDTA, 20 mM MES, 50mM 2-

mercaptoethanol). The extracts were incubated for 10 min at room temperature and

centrifuged at 8000 rpm for 10 min at 4°C. The supernatant was extracted twice with

phenol-chloroform and once with chloroform. Finally, the aqueous upper phase was

precipitated with 1/10 volume of 3 M sodium acetate and 2 volumes of ice-cold ethanol,

kept at -80°C for 2 hours and centrifuged at 8500 rpm for 30 min at 4°C. The resultant

pellet was suspended in the RNA suspension buffer (2M LiCl, 10 mM Sodium acetate,

pH 5.2), incubated at 4°C for 1 hour and centrifuged at 8500 rpm for 10 min at 4(>C. The

resultant pellet was resuspended in RNase free water. The quality of RNA was checked

on 1.2 % denatured agarose formaldehyde gels and quantity was estimated

spectrophotometrically at 260 and 280 nm. The concentration of RNA was quantified as

follows.

Cone, of RNA (ug/ul) = O.D at 260 x 40 x dilution factor. A solution of RNA

absorbance at 260 nm that equals to 1.0 O.D contains approximately 40 [x.g/\x\ of RNA. A

ratio of 2.0 for O.D 260/ O.D 280 is an indication of RNA purity.

3.10.2 Isolation of poly (A)+ mRNA

Poly (A)+ mRNA was purified from the total RNA using Oligotex (Qiagen)

suspension. Nearly 250 u,g of total RNA dissolved in 250 u,l of Rnase-free water was

mixed with 250 \x\ of buffer OBB (20mM Tns.Cl, pH 7.5, 1 M NaCl, 2m M EDTA
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and 0.2% SDS) and 15 JJ.1 Oligotex suspension. The mixture was incubated at 70°C for 3

min and then at

room temperature for 10 min. The mixture was spun at 12,000 rpm for 2 min and the

pellet was washed twice with 1ml of buffer OW2 (lOmM Tris-Cl. pH 7.5, 150mM

Nacl, 1 mM EDTA) by mixing and centrifugation. After the final wash, the Poly (A)+

mRNA bound to Oligotex particles were eluted by resuspending the pellet in 100 \i\ of

hot (70°C) buffer 0EB(5mM Tris.Cl, pH 7.5) followed by centrifugation at 12000 rpm

for 2 min and the step was repeated once for maximum recovery. The supernatants,

containing eluted poly (A)4 mRNA, were pooled, precipitated with ethanol, washed in

70% ethanol, dried and dissolved in an appropriate volume of RNase-free water.

3.103 Preparation of RNA sample for electrophoresis: The 3 jig of Poly (A)+ mRNA

(2 p.1) was taken in 18 fil of denaturing buffer (containing 2.5 ^1 of 10 X MOPS, 4 \i\ of

formamide and 12.5 |nl of formaldehyde 37%) was added, kept at 65°C for 10 min and

snap cooled on ice and 3 fil of loading dye was added.

Loading dye: 50% glycerol, 1 mM EDTA, 0.25% bromo-phenol blue, 0.25% xylene

cyanol.

3.11 Northern Analysis:

Equal concentrations of poly (A)+ mRNA was separated through 1.2 % agarose

formaldehyde gel (each 100 ml solution containing 1.2 g of agarose, 10 ml of 1 OX

MOPS, 73 ml of water and 17 ml of 37% of formaldehyde), transferred to Hybond N+

membrane in the presence of 20X SSC. The filter was UV cross linked for 2 min and/or

baked at 80°C for 60 min. Prehybridization and hybridization were performed at 42°C for

3 hr and overnight respectively in buffer containing 50% formamide, 5X Denhardt's

solution, 5X SSPE, 1.5% SDS and 50 ng/ ml sheared denatured calf thymus DNA

Hybridization solution includes the radio labeled probe. The membranes were washed

twice (10 min each) with 2X SSC, 0.5% SDS at RT followed by two washes of 0.5X

SSC and 0.2% SDS at 62°C. The filters were exposed to using an X-ray film with

intensifying screens and kept at -70 C.
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Denhardt's solution 50X: 1% BSA, 1% ficoll, 1% PVP

10X MOPS solution: 200 mM MOPS, 100 mM sodium acetate, 10 mM EDTA (pH 8.0)

3.12 Random-primer labelling:

The cDNA fragments were used as template for preparation of radiolabelled

probe by random primer labelling reaction. Nearly 100 ng of template DNA in 21 \i\ of

water was denatured at 100°C for 5 min and snap cooled on ice. To this 20 \x\ of 2.5 X

random primer solution, 10 ^M each of dATP, dGTP and dTTP, 50 îCi of [a-32P]dCTP

(3000 Ci/mM) and 4 units of Klenow were added and incubated at 37°C for 60 min.

Sephadex G-25 spin column was run to remove unincorporated [a-32P]dCTP. The

radioactively labelled cDNA was denatured and used for probing.
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4. Results

4.1 Identification of Expressed Sequence Tag features, generation of high quality
sequences and submission to GenBank dbEST division

High-quality EST sequences generated by Phred base calling with a cut off of >20

from Standard Chromatogram Format (SCF) files containing the trace data from

MegaBACE 500 showed greater than 95% similarity to reported cDNAs and genomic

sequences of rice in the database along 90% length of sequences in the aligned

region. The integrity of the ESTs, visualized by quality values were used further in

down stream applications such as assembly, annotation, and identification of

sequence variations. The sequences were further characterized by the3' associated

features and restriction site for effective screening of vector and other contaminants

(Fig. 4.1). The EST features and the quality values of a representative chromatogram

are shown in Fig. 4.2.

Fig. 4.1: FASTA sequence showing features associated with cloning and 3'end
sequencing. RS: Restriction site used in cloning, LT: Library tag

High-quality insert lengths of the 2069 non-redundant ESTs revealed the presence

of 751 reads in the range of 400 to 600bp (Fig.4.4). The read lengths of these were shown

in Fig. 4.5.
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A total of 5,815 sequences were submitted to dbEST division after screening for vector

contamination, RNA contamination, trimming low quality sequence regions (Fig. 4.3)

and removing sequences less than lOObp length. (BI3O5180 to B1306756; BU672765 to

BU673915; CB964418 to CB967504). A representative file of batch file submission

details has shown below.

Clone Id: NL 15 80 (3f)
Insert length: 581
DNA type: cDNA
Sequencing Primers: CGCCAGGGTTTTCCCAGTCACGAC
SEQUENCE
TCACTAAAGGGAATAGCTTCGGCCGCTGAAGATGTCGACGTTGCTCCGCTCTAAGTAGTC

GTGGCCTGGCCGCCATGAGGCCGCCCCACGCCTGCAGGTTCCTGATGAGGATGCCGTTGC

CGGCCGCCGTGTAGAGCTCCACGCCGACCGCCGGGTCGGTGCCGGCCTTCCAGATCGAGC

CCGTCTCCACGTAGAGCGTGTACACGCACTGGTTCGACCCCGTCGAGCCCGGGAGCAGCA

GCGCGCCCGTGTCCTCCTCCGACGTTGCTCCGGCGGCCTGCGCATTCAAGGTTATATATG

GTGAAGCTGATCACGAGATGGACTCATAAGCGAGACTCAGAAAATGTAGAACACGTACCA

AAGGCGCCATGGAAATGAGTGCCGTAAAGCAGAGGAGCTTATGCGCCATTGTGGAAGGCT

TGAAGACGCAGACTGTCTCGAGCTTTATCTGCACTTTCGGGATGTGATGTGTAC:CGACGA

TGATCTACTTACGCTGGCTAATGAGGCTTCTTATAGACGGAGACAAAACGGATAGGGGAA

CTGGAAATGCTACCGTATAAGATTACCTGATTAATGCACTG

Entry Created: O c t 7 2002

L I B R A R Y Lib Name: Drought stress (leaf) Cultivar: Nagina 22 {indica sub sp)

Organ: Leaf Tissue

Type: Entire leaf tissue Develop, stage: 35 day-old seedlings Vector: T7T3Pac

Description: ESTs from normalized leaf cDNA Library from drought stressed seedlings

SUBMITTER Name: Reddy AR,, Lab: Department of Plant Sciences, School of Life

Sciences, Institution: University of Hyderabad

Address: P.O. Central University, Hyderabad-500 046, A.P,

India, Tel: 0091-40-3010265 Fax: 0091-40-3010145 E-

mail: arjulsl@uohyd.ernetin

CITATIONS Title: Novel EST enrichment with normalized cDNA libraries from

drought stressed rice (Oryza sativa L.cv Nagina 22) (2002)

Authors: Reddy,A.R., Markandeya,G., Ramakrishna,W., Nagabhushana,l, Ravindra

Babu,P., Madana Mohan Reddy,A., Chandra Sekhar, A., Bennetzen,J.L. Year: 2002.
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Fig. 4.2: PHRED base called sequence chromatogram with quality values Black bar

above sequence represent high quality, red and blue bars show low accuracy

of the called base.
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Fig. 4.3: Trimmed low Q20 region in last three panels
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Fig. 4.4: Q20 of average read length

Fig. 4.5: High quality (PHRED 20) insert lengths of 2,069 non-redundant ESTs
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4.2 CAP assembly and clustering analysis of ESTs

Assembly and clustering of analysis of ESTs revealed 2,069 (Unigene set of

sequences) unique transcripts were represented by our ESTs. The assembly of 5,500

sequences produced 1241 singletons and the remaining 4,260sequences were grouped

into 828 contigs (Fig. 4.6). Similar pattern of contigs was observed in NCB1 Unigene

clustering but singleton sequences were less represented. Identification of transcripts that

are highly represented among the analysed ESTs may provide information concerning

processes important for acclimation to stress conditions. Above 10X represented

transcripts as redundant members of the gene cluster were shown (Table 4.1). This deep

coverage and analysis of transcriptome of drought stressed leaf library resulted in the

identification of potential stress related genes. The distribution of leaf and root ESTs in

CAP assembly and cluster analysis are shown in Fig. 4.7, 4.8, and Fig. 4.9). As we have

utilized the ESTs from the Normalized cDNA library the results only reveal genes that

are potentially stress-related. The highly represented transcripts were further verified by

annotation and comparing with previous studies associated with abiotic stress response in

plants.

Fig. 4.6: Contig assembly of 5,500 high quality sequences
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Distribution of 128 root ESTs clusters Contig Assembly (CAP) of 192 root
ESTs in 91 -unigene set

Fig. 4.9: Distribution of Root ESTs in contig assembly and unigene clusters
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Table 4.1: Highly represented transcripts

S.NO Putative function (Accession number) No of times represented
1. RicMT (AB002820) 101

2. Ribulose bisphosphate carboxylase/oxygenase (L22155) 64

3. Expressed protein (B1306646) 60

4. Thioredoxin h (D26547) 55

5. Putative kinetochore protein (AJ277096) 53

6. Metallothionein-like protein (AF001396) 49

7. Metallothionein-like protein (U57638) 47

8. Rd22(D 10703) 47

9. Triosephosphate isomerase (L04967) 41

10. Glycine-rich protein (CAB61838) 31

11. Jasmonate-induced protein (X98124) 29

12. No hit (CB965482) 29

13. Peroxidase BP 1 (JV173234) 27

14. Photosystem IPS1-K subunit (LI 2707) 25

15. Expressed protein (NM127785) 23

16. Lipid transfer protein LPT IV (AF017361) 23

17. EF-hand Ca2+-binding protein CCD1 (AF181661) 23

18. Adenylate cyclase (AP003583) 22

19. Disulfide isomerase A6 precursor (BI305945) 20

20. Quinone oxidoreductase -like protein (NM 121703) 20

21. Ubiquinol—cytochrome c reductase (X79275) 19

22. Ribosomal protein SI5 (Dl 0962) 19

23. Lipid transfer protein precursor (U29176) 18

24. Zinc-finger-hke protein (X60700) 18

25. Class 111 chitinase homologue (AB027426) 18

26. 60S ribosomal protein LI 44 (AF398144) 18

27. Expressed protein (B1306274) 17

28. 60s ribosomal protein L36 (ALI32960) 17

29. Nohit(CB965406) 17
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30. Calmodulin (AF042840) 16

31.Nohit(CB965220) 16

32. Mitochondrial malate dehydrogenase (X78800) 16

33. No hit (BU673628) 16

34. No hit (BI306445) 15

35. Translation initiation factor (AF094774) 15

36. Expressed protein (NM J 17597) 15

37. Cytochrome P450 monooxygenase CYP92A1 (AY072297) 15

38. 60s ribosomal protein L 37(X79074) 15

39. IMP dehydrogenase/GMP reductase (ZP 00107581) 15

40. Chlorophyll a/b-binding protein (U74295) 15

41.Nohit(CB965589) 14

42. Pridicted protein (BI306409) 14

43. Beta-oxyacyl-[acyl-carrier protein] reductase (AJ243091) 14

44. Mitochondrial ATP synthase 6 KD subunit (AB055076) 14

45. Dehydration-responsive protein RD22 precursor (Q08298) 13

46. UDP-glucuronic acid decarboxylase (AB079064) 13

47. Expressed protein(NM 129142) 13

48. Hypothetical protein (AJ271079) 13

49. Unknown(AY086234) 13

50. Histone H4(M 12277) 13

51. 50S Ribosomal protein LI 8 (AC007932) 13

52. No hit (BI306584) 12

53. Putative protein (BI3 06641) 12

54. Ribosomal protein L35A (AF448416) 12

55. Photosystem II 10 kda polypeptide (U86018) 12

56. Putative protein (CB967429) 12

57. Nohit(CB967065) 12

58. Alpha 1 subunit of 20S proteasome (AB026558) 12

59. Pridicted protein (CB964534) 12

60. Nonspecific lipid transfer protein (U88090) 12
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61. Dof zinc finger protein (AB028132) 12

62. Fructose-1,6-bisphosphatase (AB007193) 11

63. No hit (BI306299) 11

64. Xyloglucan endotransglycosylase(X93175) 11

65. Metallothionein-like protein (Ul 8404) 11

66. Cytosolic glyceraldehyde3phosphate dehydrogenase (AF251217) 11

67. Shoot GSl for cytosolic glutamine synthetase (XI4245) 11

68. No hit (B1306496) 11

69. Chitinase-B(AF40293 9) 10

70. Glutaredoxin (D86744) 10

71. Beta-D-glucan exohydrolase, isoenzyme exoii (U46003) 10

72. Heat shock protein 82 (Z15018) 10

73. Aldolase C-l (D50307) 10

74. Catalase (D26484) 10

75. OsMYBl (D88617) 10

76. Disease resistance response protein (NM 123616) 10

77. Pndicted protein (CB965224) 10

78. 40S ribosomal protein S30-like protein (AY128361) 10

79. Ribosomal protein S31 (D38011) 10

80. HSP90-like protein (AY077617) 10

81. Gigantea-like protein (AJ133787) 10

82. Pathogenesis-related protein (U20347) 10

83. GP28 gene (Zl 5085) 10

84. Small subunit of ribulose-l,5-bisphosphate Carboxylase (D00644) 10

85. Cell division protein ftsh-like protein (NM_111112) 10

86. Vacuolar H+-pyrophosphatase (D45384) 10

87. Nohit(CB967146) 10

Root tissue

1. Cytochrome P450 (X81828) 17

2. Serine/threonine kinase (Y12465) 8

3. Cytochrome P450 (AB023038) 8
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4.3 Annotation

The availability of vast gene sequence resources, information pertaining to

genetic analysis of these resources, and the powerful Bioinformatics tools supported and

shared in the public domain internationally has opened new avenues to understand

genetic determinants of complex biological mechanisms.

Annotation of high-quality ESTs through homology search in the NCBI nr nucleotide

and protein databases, using BLASTN and BLASTX programs resulted in the

identification of putative genes to 78 % of the ESTs. The novel ESTs constitute 22 %,

which has no significant homology in nr sequence database and dbEST division of

GenBank (Fig. 4.10). Among the putative genes 48% have known functions, 30% are

with unknown function (hypothetical and unknown proteins).

Fig. 4.10: Annotation of 2069 non-redundant ESTs based on similarity search in
Nucleotide, Protein, and rice dbEST databases.

Homology search of non-redundant ESTs in rice dbEST divison showed 1157 hits

and 912 ESTs do not have significant similarity to rice ESTs. These 912 ESTs constitute

novel 3' sequence resource for accurate gene annotation (Fig.4.11).
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Fig. 4.11: No of ESTs showing hits in the rice db ESTdivision of GenBank
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4.4 Development of extensive EST Database for identification and retrieval of
information

An extensive EST database has been developed for data storage and analysis using

Microsoft Access with several fields such as clone information, putative functions,

expectation value, chromosomal location, and nearest marker information (Fig. 4.12).
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4.5 Identification of the rice genomic sequences

To identify candidate genes associated with drought stress response the

chromosomal locations were assigned to 1500 ESTs (Babu el al., 2002). This was based

on, above 95% identity along 90% of the EST length in the aligned region against rice

genomic sequences using BLAST N program The distribution of the identified

chromosomal locations of the ESTs among the 12 rice chromosomes or indica whole

genome shotgun sequences was shown in Fig. 4.13.

Fig. 4.13: Distrbution of genomic segments of 1475 non-redundant Expressed Sequence
Tags

The locations of the ESTs on chromosomes were obtained from positive hit of the

genetically mapped rice genomic BAC/PAC clones and the associated marker is

considered as the nearest marker for association analysis. All the ESTs which were

mapped to rice genomic sequences along with the annotation were shown in (Table 4.2 a

and 4.2 b).
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Table 4.2(a): BAC/PAC clone localization of non-redundant ESTs
BAC clone: BAC/PAC clone ID of rice genomic fragment
BAC ace: BAC/PAC clone accession in the GenBank
E-value: expectation value
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4.6 Putative known candidate genes in the Quantitative trait loci

Target QTL regions were extracted from reference genetic maps (Harushima et al.

1998) and QTL studies associated with drought and yield traits (Price et al. 2002; Zhang

et al. 2001; Babu et al. 2003). The known putative stress responsive genes identified in

the QTL locations (Table 4.3).

Table 4.3: Known stress responsive genes at QTL locations



4.7 Identification of putative abiotic stress responsive genes

The putative candidate drought stress responsive genes have been identified based

on experimental data (Bray. 2002), and comparing the EST dataset to the documented

gene sequences and possible candidate gene sequences identified from micoarray gene

expression profiles of rice, Arabidopsis, barley plants under different abiotic stresses. The

stress responsive genes identified from the above expression profiles include 650 from

Arabidopsis, 150 from barley and 100 from rice. These were compared to the EST data

set using TBLASTX with an E-value >le-20. Interestingly the distribution of the 583

putative stress responsive ESTs among the functional categories showed that

transcription factors were efficiently captured next only to the cell metabolism class.

Fig. 4.14: Functional classification of Putative Stress Response Genes (SRG)

The putative stress responsive genes identified from global gene expression profiles using
cDNA microarrays and experimentally documented genes along with the source of
identification and type of stress are given in (Table 4.4).

























4.8 Analysis of gene organization of stress responsive genes

Gene organization analysis by aligning the cDNA sequences onto the genomic

sequences revealed genes with single exon to seventeen exons (Table 4.5). Single exon

genes were mainly those having small coding sequence and organellar gene products,

which are integrated into the nuclear genome. The observed exon size of minimum length

21 bp, maximum length 1600 bp and intron sequence lengths of minimum 37 bp and

maximum 2000 bp reflect the complexity of gene organization and may indicate a highly

regulated pattern of gene expression during transcription.

The compact nature of plant gene promoters in which <1000 bp of promoter

sequence often is sufficient to drive proper regulated patterns of transcription and

regulatory elements tend to be clustered near the transcription start site. Promoter

sequences of 130 stress responsive genes were analyzed for the known motifs associated

with stress response. Of these, eighty of them showed cis- acting elements in the

promoter region associated with abiotic stress (Table 5.1).

Table 4.5: Gene organization of stress responsive genes











4.9 Analysis of selected gene families associated with drought stress response

Transcription factors play important roles in plant development and during

adverse environmental conditions. This class of regulatory genes is induced as an early

response to adverse conditions towards adaptation by manipulating the flux of different

metabolic pathways. In Arabidopsis different families of transcription factors each

containing a distinct type of DNA binding domain have been implicated in plant stress

responses. These transcription activators execute their function directly through binding

to specific motifs in the promoter region of stress responsive genes. Over expression of

the regulatory proteins such as DREB1A and DREB1B has resulted in an enhanced

tolerance to drought, salt and freezing (Jaglo-Ottosen et al, 1998; Kasuga et al, 1999) in

Arabidopsis. Efficient identification and isolation of such TFs will improve our

understanding of stress response mechanisms in rice. The analysis uncovered the

transcripts encoding proteins similar to DREB like genes (Table 4.6).

In silico analysis identified eight paralogues of DREB like sequences in the rice

genome with distinct AP2/REEBP DNA binding domain (Fig. 4.1 5 & Fig. 4.16). The

DREB genes are organized into clusters to exhibit cumulative response under different

abiotic stresses (Fig: 4.17). Similar organization of DREB genes was reported in

Arabidopsis (Shinwari et al, 1998).

The expression pattern of DREB 1A and DREB IB in N22 indica rice seedlings

showed that, DREB 1A is induced under abiotic stress conditions (ABA lOOum, PEG

20%, and NaCl 1 50 mM), (Fig. 4.18) these treatments showed to mimic stress responses

in rice but the transcript levels of DREB IB was not altered.









To isolate the other members of the DREB gene family specific primers were designed

from rice genomic sequence. Two members of this family were isolated (Fig. 4 19 and

Fig. 4.20) and sequenced from both 5' and 3'ends.

4.9.2. Metallothionein gene family in rice

Analysis of the ESTs uncovered 10 different metallothionein-like protein coding

genes in rice. Of these, five were represented only once where as the other five were

represented abundantly (Table 4.7). Genomic analysis rice metallothionein gene family

resulted in understanding the structure and function in rice. The repeats and small coding

regions of these genes posed a significant difficulty in the genome sequence assembly

and annotation. The distribution of cysteine residues in the translated aminoacid

sequences identified the presence of two type land nine type 2 metallothionein like

proteins (Fig.4.21 & Fig.4.22), All typel MTs have two exons and one intron, the type 2

MTs have three exons and two introns. Two type2 MTs show tandem duplications on

chrl and chrl 2 on rice. The duplication region on 12th chromosome might have resulted



in a truncated protein due to misassembly. Earlier it was reported that the MT genes form

small families of clustered gene copies in mammals (Palmiter el al, 1992) and tomato

(Gintche/a/., 1998).

The biological significance of metallothionein was studied recently in mammalian

systems and assigned several functions such as heavy metal tolerance, antioxidant

properties and in maintenance of redox and regulation of intracellular signaling besides

other undefined functions in plants. These genes were reported to play a major role in

abiotic stress tolerance. The available mutant screens in rice, Arabidopsis and transgenics

along with the biochemical analysis will help to uncover the functions of these genes.

Table 4.7: Members of metallothionein gene family, redundancy and location

Clone Type Abundance Exons BAC/PAC CLONE

NL_1_H12 Type I variant 11 2 chromosome 12 OSJNBb0078B20

NL27E10 Typel U 2 chromosome 3 OSJNBb0022M22

N L 3 J 2 1 Type 2 101 3 chromosome 1 (P0459B04)

NL_3_N19 Type 2 47 3 chromosome 5 P0016H04

N L 5 J 2 3 Type 2 variant U 3

N L 6 5 4 Type 2 U 3 chromosome 1 P0434B04

(Duplication)

NL5JV115 Type2 49 3 chromosome 1 Bl 015E06

NLP_0_I15 Type2 U 3 chromosome 5 POO15G13

NL53A06 Type 2 2 3 chromosome 12 OSJNBa0018E22

(Duplication)



Fig 4.22: Dendrogram showing the Type I and Type 2 metallothionein gene members of

identified ESTs



5. Discussion

Global analysis of transcription profiles associated with abiotic stresses provided

the leads towards understanding these complex traits and has become prerequisite for

identifying the genetic determinants, to aid the plant breeding programs in improving the

crop performance under adverse conditions. These approaches are therefore highly

suitable to the analysis of genome wide changes due to drought stress rather than a

narrow window representing expression of a single or a few genes.

Large-scale Expressed Sequence Tags have been analyzed from rice in view of

their utility as powerful tools to catalogue all the genes (Uchimiya et al, 1992;

Yamamoto and Sasaki, 1997) and deciphering the roles of transcriptionally regulated

genes in different tissues (Ewing et al, 1999). Only a few studies have focused on the

analysis of transcriptome profiles of rice seedlings subjected to stress (Umeda et al,

1994; Matsumura et al, 1999; Kawasaki et al, 2001) or drought.

Towards this end, we have utilized the ESTs from normalized cDNA libraries

constructed from rice seedlings subjected to progressive drought stress (Reddy el al,

2002), and analyzed to understand and characterize the cellular activities under drought

stress response. To uncover the genetic determinants of drought tolerance and also

understand the similarity between coding portion of indica and japonica sub species of

rice, we have carried out the EST analysis using a range of comparative genomic

approaches. A total of 5, 500 ESTs were obtained with 70% of sequencing efficiency.

Among these, 200 ESTs were from root tissue and 5, 300 ESTs were from leaf tissue. Of

the remainng 30% clones, about a half represented ribosomal RNA and the other half are

low sequence quality read length and vector contamination.

Expressed Sequence Tag resource generated from normalized cDNA libraries of

leaf and root tissues of drought stressed seedlings of indica sub species rice cultivar

Nagina 22 have become the central resources to uncover novel genes and to identify

genes associated with drought stress response in rice (Fig. 3.1.). These ESTs, generated

from the 3'end of cDNAs, represents the 3'sequence therefore useful in identification of

gene paralogues and diversity among rice genotypes. Further, the 3' UTR sequences

harbor SSRs or other potential marker sequences that are useful in molecular mapping

and dissecting the QTLs and candidate genes.
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The indica sub species rice cultivar Nagina 22 (N22), which is grown under

upland conditions, has several morphological and physiological characters such as early

maturity, heat tolerance, two-point root system, accumulation and mobilization of

carbohydrates, high regeneration and recovery, all associated with drought tolerance

mechanisms in plants.

Initially this EST analysis was utilized to characterize the efficiency of

normalization to uncover novel genes for in depth sequencing of the library. These results

clearly revealed that normalization had effectively reduced the representation of highly

abundant transcripts such as Rubisco to a narrow range compared to non-normalized

library.

5.1 Development of non-redundant set of ESTs

EST clustering, contig assembly and BLAST analyses to identify the unigene

transcripts resulted in 2069 non-redundant ESTs. The representation of 1241 ESTs as

singletons in the unigene set shows the utility of deep coverage of transcriptome (Fig.

4.6).

5.2 In silica transcription profiles

The transcription profiles clearly revealed the presence of potential stress related

genes as shown in (Table 4.1) Among the 90 highly represented transcripts, 25% were

novel with unknown functions. The genes RicMT, Thioredoxin h, Metallothionein-like

protein Rd22, Glycine-rich protein, Lipid transfer protein LPT IV, EF-hand Ca2+-

binding protein, Calmodulin, Cytochrome P450 monooxygenase, Fructose-1,6-

bisphosphatase, Glutaredoxin, Catalase, HSP90-like protein, Dof zinc finger protein,

Class 111 chitinase, and Serine/threonine kinase associated with different metabolic

pathways were highly represented in the analysis (Table 4.1)

5.3 Gene annotation

The annotation of non-redundant set of ESTs allowed us to assign putative

functions for 50% of ESTs through homology search in nr database. The annotation was

further improved by utilizing rice genome annotation in rice GAAS and large catalogue

of full-length cDNA sequences. This resulted in the assignment of gene functions to 78%

of the ESTs and 22% of ESTs remained novel. Full-length cDNA clones were assigned to
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1151 ESTs through BLAST N homology search with 95% similarity cutoff This forms a

formidable resource towards characterizing the gene structure and identification of

mutants in the rice mutant database. Homology search in dbEST division of rice

sequences revealed a significant number of ESTs (912) are novel at the 3' end of gene

sequences. This higher sequence diversity in the 3-prime UTRs of the transcripts is best

used to distinguish between gene family members and also for accurate gene prediction

in automated rice genome annotation.

5.4 Identification of putative stress responsive genes

Based on the putative functions, the sequences were further characterized by

grouping stress responsive genes into 15 distinct functional classes (Bevan et al, 1998)

associated with different cellular processes. The putative candidate stress responsive

genes have been identified based on reported experimental data (Bray. 2002), and

comparing the EST dataset to the documented gene sequences and possible candidate

gene sequences identified from micoarray gene expression profiles of rice, Arabidopsis,

barley, and maize plants under different abiotic stresses. The stress responsive genes

identified from the above expression profiles include 650 from Arabidopsis, 150 from

barley and 120 from maize, and 100 from rice. These were compared to the EST data set

using TBLASTX with an E-value >le-20. Genes with stress-related and regulatory

functions comprised 25% of the total ESTs. These categories included proteins with

known function in cellular defenses against abiotic (drought, cold and salinity) and biotic

(pathogen) stresses, and proteins involved in developmental and stress response signaling

and transcription. Based on the types of genes represented, tolerance mechanisms rely on

precise integration of developmental processes with stress-related responses. 12% of

identified stress responsive ESTs are with unknown functions forms a large proportion as

unclassified proteins. Interestingly the distribution of the 583 putative stress responsive

ESTs among the functional categories showed that transcription factors (8%) were

efficiently captured next only to the cell metabolism class (18%) (Fig. 4.14). The data

imply that transcription factors seem to be an abundantly expressed class of genes during

stress in rice. This also agrees with the earlier reports on the role of transcription

activators in stress response associated changes in gene expression (Chen et al, 2002).
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5.5 Candidate genes at QTL associated with drought tolerance

The features of chromosome structure (gene structure) and function have

significant implications for studies in crop improvement The coding and non-coding

DNA sequences linked to specific traits in genetic studies through QTL analyses

provided a source of molecular markers to increase the efficiency of breeding activities.

Rice genome sequencing opened new opportunities towards delineating the QTL regions

into Mendihan factors and QTL cloning. By localizing ESTs onto genomic sequences

provide a powerful route for gene prediction and understanding gene structure (Kan et

al, 2001). This simplifies the cloning of agronomically important genes in the QTL s

through physical map of the nee genome (Chen et al, 2002). Genomic regions assigned

to 1500 ESTs (Babu et al,, 2002) based on above 95% identity along 90% of the length of

the sequence in the aligned region using BLAST N program showed that 1400 ESTs had

defined genomic region in IRGSP rice genome. Genetically anchored B AC/P AC clones

were identified for 1326 ESTs (Table 4.2).

Fine mapping of QTLs has sometimes revealed the presence of tightly linked loci

affecting the same trait (Fridman et al, 2002; Steinmetz et al, 2002). Eight genes

responsible for QTLs have been identified in plants so far (Doebley et al, 1997; Frary et

al, 2000; Yano et al, 2000; Takahashi et al, 2001; El-Din El-Assal et al, 2001; Liu et

al, 2002; Kojima et al, 2002). Some of the genes encode for transcription factors,

whereas others encode proteins involved in metabolism or active in signal

perception/transduction pathways. The emerging concept is to exploit the possibility of

looking at variation directly in genes and not at anonymous markers (candidate gene

association studies), as well as to saturate the genome with markers (whole genome scan)

(Remington et al, 2001; Rafalski 2002).

Candidates can also be identified from expression profiling experiments, under

the assumption that genes that show genotype-specific differences in their level of

expression could be the causative agents for the variation in a trait. This approach is

considered only when a QTL for a trait of interest is shown to co-map with a QTL

controlling the expression of a candidate gene. Physical map locations of ESTs observed

by mapping EST sequences on to genetically anchored BAC/ PAC clones of rice
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genomic sequences revealed known stress responsive genes in the QTLs associated with

drought tolerance (Table 4.3)

5.6 Analysis of organization of stress responsive genes in rice

Gene organization analysis by aligning the cDNA sequences onto the genomic

sequences revealed genes with single exon to seventeen exons. Single exon genes were

mainly those having small coding sequence and organellar gene products, which are

integrated into the nuclear genome (Shahmuradov et al., 2003). The genes involved in

cellular metabolism glyceraldehyde-3 -phosphate dehydrogenase, fructose-1,6-

bisphosphatase, glutamine synthetase, UDP-glucuronic acid decarboxylase, sucrose

synthase, enolase, have showed large number of exons 12,11,12,15, and 17 respectively

in the coding region. This highlights the stringent regulation of metabolic pathways. The

observed exon size of minimum length 21 bp, maximum length 1600 bp and intron

sequence lengths of minimum 37 bp and maximum 2000 bp reflect the complexity of

gene organization.

Promoter sequences of stress responsive genes were analyzed for the known

motifs of some target genes associated with abiotic stress (Table 5.1). The relevance of

the phenotype to emerging new levels of gene regulation is difficult to evaluate. This type

of regulatory variation, in fact frequently concerns both regulatory and structural

genomic regions — like promoters, introns, silencers and other non-coding sequences

mapping away from transcriptional units — all known to be more variable than protein-

coding DNA sequences. Such regulatory variation affecting both the level and pattern of

expression of the genes appears to be fairly common.

The survey of conserved noncoding sequences (CNS) among cereal gene

promoters supported the hypothesis of rapid evolution of noncoding sequences between

closely related species (Guo and Moose 2003).
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Table 5.1: cis- acting elements present in promoter regions (lOOObp) of the putative

stress responsive genes





5.7 Analysis of gene families associated with stress response

5.7.1 Metallothionein gene family

Analysis of the ESTs uncovered 10 different metallothionein-like protein coding

genes in rice. Of these, five were represented only once where as the other five were

represented abundantly. Genomic analysis was carried out to understand the structure and

function of metallothionein gene family in rice. The repeats and small coding regions of

these genes posed a significant difficulty in the genome sequence assembly and

annotation. The distribution of cysteine residues in the translated aminoacid sequences

identified the presence of two type land nine type 2 metallothionein-like proteins. All

typel MTs have two exons and one intron, the type 2 MTs have three exons and two

introns. Two type2 MTs show tendem duplications on chrl and chrl2 on rice. The

duplication region on 12th chr might have resulted in a truncated protein due to

misassembly. Earlier it was reported that the MT genes form small families of clustered

gene copies in mammals (Palmiter et al, 1992) and tomato (Giritch et al, 1998).

The biological significance of metallothioneins was studied recently in

mammalian systems and assigned several functions such as heavy metal tolerance.



antioxidant properties and in maintenance of redox and regulation of intracellular

signaling besides other undefined functions in plants. These genes were reported to play a

major role in abiotic stress tolerance. The available mutant screens in rice, Arabidopsis

and transgemcs along with the biochemical analysis will help to uncover the functions of

these genes.

5.7.2 DREB gene family

Transcription factors play important role in plant development and during adverse

environmental conditions. In Arabdopsis, different families of transcription factors each

containing a distinct type of DNA binding domain have been implicated in plant stress

responses. Stress-inducible transcription factors were identified from a wide range of

protein families: DREB family, zinc finger proteins, WRKY family members, MYBs,

basic helix-loop-helix proteins, members of the bZIP family, NAC family members, and

homeodomain transcription factors (Table 5.2). These transcription factors probably

regulate various stress-inducible genes either cooperatively or separately. Functional

analysis of these stress-inducible transcription factors should provide valuable

information on signal transduction in response to drought, cold and high-salinity.

Recently, Fowler and Thomashow identified 306 cold-regulated genes and 41

DREB/CBF-regulated genes using Affymetrix Gene Chips (Fowler and Thomashow

2002). Over expression of the regulatory proteins such as DREB 1A and DREB IB has

resulted in an enhanced tolerance to drought, salt and freezing (Jaglo-Ottosen et al., 1998;

Kasuga et al., 1999) in Arabidosis,
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Table: 5.2. Different classes of transcription factors associated with stress response.



Efficient identification and isolation of such TFs will improve our understanding

of stress response mechanisms in rice. The analysis uncovered the transcripts encoding

proteins similar to DREB like genes. In silico analysis identified eight paralogues of

DREB like sequences with distinct AP2/EREBP DNA binding domain in the rice

genome. The DREB genes are organized into clusters to exhibit cumulative response

under different abiotic stresses (Fig. 4.17). Similar organization of DREB genes were

reported in Arabidopsis (Shinwari et al., 1998),

In the present study the expression pattern of DREB 1A and DREB IB showed that

DREB1A is induced under abiotic stress conditions (ABA, PEG, and NaCl), but the

transcript levels of DREB IB was not altered. Further full-length DREB gene was cloned

and sequenced.

5.8. Analysis of novel sequences

The ESTs which do not have significant homology in the present nucleotide,

protein, and EST databases were considered as novel sequence and the accession

numbers of these are given in (Table 5.3).

Table 5.3: Accession numbers of novel sequences.





The initial comparison of IRGSP rice genomic sequences with the draft rice

genomes revealed that truncated genes and large deletions. The availability of the

accurate complete rice genome in near future will reveal the true gene transcript among

the novel ESTs. The novel gene identification through tag to gene assignment was

observed in recent SAGE analysis in Arabidopsis (Fizames et al., 2004).
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6. Summary

ESTs are very valuable genetic resources for gene discovery in rice. Particularly,

ESTs generated from normalized cDNA libraries from drought stressed rice

seedlings are found to be useful to identify drought stress responsive genes

besides novel genes.

Annotation and mapping of the ESTs onto the genomic sequences resulted, in

defining putative functions and corresponding genomic regions for large number

of ESTs.

Physical map locations of the ESTs revealed the presence of putative stress

responsive genes in the target Quantitative Trait Loci (QTLs) associated with

drought tolerance.

The ESTs which were mapped onto indica whole genome shotgun contigs (WGS)

but not localized on rice BAC/PAC clones in Nipponbare genome, will form a

useful resource for screening the genomic libraries for identification of

corresponding clones and eventually leads to gap filling in contig generation.

The novel ESTs constituting as much as 22 % of the total ESTs have not showed

significant homology in the nucleotide and protein databases. Some of them may

represent true gene transcripts derived from complex regions that might have been

missed in earlier sequencing programs.

Structural organization of a large number of genes associated with drought stress

response in rice has been analyzed. The preliminary analysis revealed the

complexity in rice gene organization and formed an initial training set of

sequences for different gene prediction programs.

Promoter analysis of a few targeted stress responsive genes revealed the presence

of known stress responsive motifs. Interestingly, such motifs are missing in few

genes, which were categorized earlier as stress responsive genes. This probably

points to the existence of other novel cis- acting elements associated with stress

response in rice.
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A comprehensive database has been developed for this EST clone resource, and

the information related to putative functions, redundancy, chromosomal location,

and trait association. The database offered valuable information source towards

utilization of the rice drought EST data set for further analysis.

This EST library formed a rich source of drought stress-related genes represented

in GenBank for the first time from indica rice seedlings subjected to progressive

drought, and used for comprehensive analysis of the stress-response transcriptome

by comparing with the expression profiles from cDNA microarrays of different

plants subjected abiotic stress treatments.

A large number of transcription factors have been uncovered with suggested role

in stress response in rice. As an example DREB family transcription factors,

which are involved in the regulation of multiple stress response pathways, were

analysed in detail. DREB genes from rice exhibited significant sequence

similarity with that of Arabidopsis DREB gene family in their organization and

response to abiotic stress. Two members of this family were cloned and

characterized.

Annotated EST set provides a useful resource for microarray and functional

genomic studies in rice.

The present study identified a large number of potentially interesting genes

towards improving drought tolerance in rice.

These resources will be useful in discovery of candidate genes, SNP analysis and

eventual deployment in crop breeding for genetic improvement of rice for water

limited environments.
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