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1. INTRODUCTION 

Cereals are widely cultivated and produce annually, 1800 to 1900 million 
tonnes of food grains worldwide (see Table 1; FAO- website 
http://apps.fao.org). Cereals also represent 60% of the calories and proteins 
consumed by human beings. They include a variety of crops including rice, 
maize, wheat, oats, barley, rye, etc., but excluding millets like pearl millet 
and other minor millets. In the past, cereals have been a subject of intensive 
cytogenetic investigations that are now extended further in the genomics era 
using powerful tools of molecular biology. The progress in cereal genomics 
research during the last two decades, involving the use of molecular markers 
for a variety of purposes, and the whole genome sequencing in rice has been 
remarkable indeed. The results of genomics research resolved many aspects, 
which the conventional cytogenetics failed to resolve. For instance, this 
involved initially the preparation of molecular maps, which were utilized 
extensively for comparative genomics and cytogenomics. Cereal genomes 
have also been subjected to both structural and functional genomics research, 
which during the last two decades covered both basic and applied aspects. As 
a result, not only we understand better the genomes of major cereals and the 
mechanisms involved in the function of different cereal genes, but we have 
also utilized information generated from genomics research in producing 
better transgenic crops, which will give higher yields, sometimes with value 
addition. Transgenic cereals will also be available, which will be resistant to 
major pests and diseases and will be adapted to changing environmental 
conditions. In this book, while we have tried to cover for cereal crops, the 
areas involving molecular markers, whole genome sequencing (WGS) and 
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Table 1. Some details about important cereals, discussed in the book 

Cereal Biological FAO data (2002)1 Chromsome Genome Availability of resources Number of ESTs 

species Name 
Yield Production 

number size (lvlbpf available in 

(Tonnes! (Million 
public domain3 

Hectare) TOllnes) 

Barley Hordeum vulgare 2.5 132 2n=2x=14 5,000 Both genetic and physical maps (based 356,848 

on translocation breakpoints) available 

� , 
Maize Zeamays 4.3 603 2n=2x=20 2,500 Extensive genetic (including transcript 393,719 

map) and BAC-based physical maps 
available 

Oats Avena sativa 1.9 27 2n=6x=42 11,400 Genetic maps (but not saturated) 574 
available 

Rice Oryza sativa 3.9 580 2n=2x=24 430 Extensive genetic (including transcript) 283,935 
and Y AC!BAC-based physical maps, as 
well as 4 drafts of complete genome 
sequences available 

Rye Secale cereale 2.2 21 2n=2�=14 8,400 Genetic maps (but not saturated) 9,194 
available 

Sorghum Sorghum bicolor 1.3 55 2n=2x=20 750 Integrated cytogenteic, genetic and 161,813 
physical maps avaialble 

Wheat Triticum aesfivum 2.7 568 2n=6x=42 16,000 Extensive genetic as well as delition 549,926 
lines-based physical maps available 

1 2 3 
As per FAO wesbslle htlp:llapps.fao.org; As per Bennett and Leitch (1995); As per dbEST lelease 030504- http.llwww.ncbl.nlm mh.gov/dbEST/dbEST sununmy html 
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the functional genomics, by choice we have not included the transgenics, 
which involve only an application of genomics research and do not make a 
part of genomics research itself. We realize that cereal genomics has been the 
subject of several special issues or sections of journals like PNAS, USA 
(Volume 95 issue no.5, March 1998), Plant Molecular Biology (Volume 48 
issue no. 1-2, January 2002), Plant Physiology (Volume 125 issue no. 4, 
March 2001; Volume 130 issue no. 4, December 2002), Functional & 
Integrative Genomics (Volume 3 issue no. 1-2, March 2003; Volume 4 issue 
no.l ,  March 2004), etc. Several review articles also adequately cover the 
present status of research on this important subject (Gale and Devos, 1998; 
Goff, 1999; Bennetzen, 2000; Devos and Gale, 2000; Wise, 2000; Edwards 
and Stevenson, 2001; Lagudah et al., 2001; Feuillet and Keller, 2002; 
Rafalski, 2002; Appels et al., 2003; Bennetzen and Ma, 2003; Paterson et a!., 
2003, etc). However, the subject has not been presented elsewhere in the 
form of a book that may be used for teaching and research, and hence the 
present effort of this book on cereal genomics. 

2. MOLECULAR MARKERS: DEVELOPMENT 
AND USE IN GENOMICS RESEARCH 

2.1. Construction of Molecular Maps 

A variety of molecular markers is now known and their development and use 
has been a subject of intensive research in all cereals. The subject has been 
adequately covered in several recent reviews (Kumar, 1999; Koebner et al., 
2001; Gupta et a!., 2002), but none of these reviews adequately covers all 
aspects. In the present book, 12 of the 20 chapters are devoted to the 
discussions on different types of molecular markers and their uses. The 
availability of molecular marker maps of cereal genomes, with varying 
density and resolution, has also facilitated comparative genomics studies. 
The group led by Mike Gale at John Innes Center (TIC), Norwich (UK), is 
regularly updating these results. Availability of a number of marker assays 
provides ample opportunity for exercising choice of a suitable marker system 
based on intended objective, convenience and costs. In this book, the 
different molecular marker systems and their evaluation in cereal genomics is 
being discussed in Chapter 2 by Daryl Somers from Winipeg (Canada). 
Rajeev Varshney and Andreas Boerner from Gatersleben and Viktor Korzun 
from Bergen have covered the methods for the preparation of molecular 
maps and the progress made so far in preparation of these maps in Chapter 3. 
It will be noticed that while significant progress has been made in the 
preparation of molecular maps in cereals, most of these maps are based on 
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RFLPs, the first molecular marker system that became available in early 
1980s (for details see Philips and Vasil, 1994,2001). Progress has also been 
made in the preparation of micro satellite maps. Although in the past it has 
been expensive and cumbersome to generate rnicrosatellites, they have now 
been generated in almost all cereal species (Gupta and Varshney, 2000). For 
instance, a microsatellite map of maize genome with 900 SSR markers 
became available recently (Sharopova et al., 2002; total �1800 SSR mapped 
loci available as on October 2001; http://www. agron. missouri. edu/ssr.html), 
and another integrated micro satellite map with � I 000 SSR loci is now 
available in bread wheat (D. Somers, Canada, personal communication). 
Moreover, in recent years� a large amount of sequence data has been/is being 
generated in many cereals from several genome sequencing and EST 
sequencing projects (see Table 1). Therefore the available sequence data is 
also being exploited for development of micro satellite markers (Kantety et 
al., 2002; Varshney et al., 2002; Gao et al., 2003). In this direction, more 
than 2000 SSR loci have already been mapped in rice (McCouch et aI., 2002) 
and work is in progress in other cereals like barley (Varshney et al., 
unpublished) and wheat (M. Sorrells, USA, personal communication). 
Availability of sequence data also provided the next generation of markers, 
i.e. single nucleotide polymorphism (SNP, popularly pronounced as snip). 
However, SNP discovery is costly, so that the construction of SNP maps in 
cereals will take time. This is in sharp contrast to the situation in human 
genome, where a large number of microsatellites and at least two million 
SNPs have already been mapped. A programme for the preparation of a 
HapMap for the human genome, utilizing haplotypes, based on SNPs, was 
also initiated in late 2002 under the SNP Consortium (http://snp. cshl. org/; 
The International HapMap Consortium, 2003). Among cereals, SNPs are 
now being discovered and will be extensively used in future for genotyping 
in crops like barley, rice, maize and wheat. EST-based SSRs, SNPs, or 
RFLPs, are also being used for construction of 'functional or transcript maps' 
in many cereals like rice (Kurata et al., 1994; Harushima et al., 1998; Wu et 
al., 2002), maize (Davis et aI., 1999), barley (A. Graner, Germany, personal 
communication). EST-based markers are also being used, firstly, to assess 
functional diversity, and secondly, to anchor genic regions in BAC/y AC
based physical maps, etc. Physical maps have also been prepared in some 
cereals like rice (Tao et al., 2001; Chen et at., 2002), maize (Yim et at., 

2002; http://www. agron. missouri.edulmaps.html), sorghum (Klein et aI., 

2000; Childs et at., 2001; http://sorghumgenome.tamu.edu!), etc. However, 
construction of BACIY AC-based physical maps is difficult in large and 
complex genomes like those of wheat and barley. Therefore, for physical 
mapping, translocation breakpoints (aneuploid stocks) were used in barley 
(KUnzel et aI., 2002) while deletion lines (another aneuploid stocks)- are 
being used in wheat (B.S. Gill, USA, personal communication; 
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http://wheat.pw.usda.govINSF/progress_mapping. html). At SCRI in UK, 
efforts are underway for prepartion of local physical maps in barley by using 
radiation hybrids (RH) or HAPPY mapping (Waugh et al., 2002; Thangavelu 
et aI., 2003). 

Physical maps are important for chromosome walking in map-based cloning 
projects (see later) and have also facilitated identification of gene rich 
regions in large genomes, which are too big to be used for whole genome 
sequencing. These gene rich regions will be the target for genome sequencing 
in these crops e.g. wheat (see lat�r) where BAC libraries are already 
available. This aspect of gene distribution, gene density and gene islands has 
been discussed by Kulvinder Gill, Washington (USA) in Chapter 12. It has 
been shown that cereal genomes possess gene-rich and gene-poor regions 
(Akhunov et aI., 2003). Moreover physical location, structural organization 
and gene densities of the gene-rich regions are similar across the cereal 
genomes (Feuillet and Keller, 1999; Sandhu and Gill, 2002). Despite this, 
cereal genomes greatly vary in their size, which is attributed to the presence 
of varying amounts of repetitive sequences in these genomes_ (Heslop
Harrison, 2000). Repetitive sequences can be found in the genome either in 

tandem arrays or in a dispersed fashion. Therefore repetitive sequences can 
be classified into 3 categories: (i) transposable including retrotransposon 
elements, which are mobile genetic elements; (ii) micro satellite sequences, 
which are tandemly repeated 'DNA sequences (also called simple sequence 
repeats, SSRs); and (iii) special classes such as telomericl centromeric 
sequences or rDNA units, etc. First two classes constitute a major proportion 
of the repetitive sequences, present in the genome. During the last decade, a 
number of studies have been carried out to study physical organization of 
retrotransposons in several plant genomes including cereals (for references 
see Kumar and Bennetzen, 1999; Wicker et aI., 2002). The fraction of the 
genome contributed by retrotransposons./ increases with genome size from 
rice, the smallest cereal genome (430 Mh, �14% LTR retrotransposons, 
Tarchini et al., 2000), through maize (2500 Mh, 50-80% LTR 
retrotransposons, SanMiguel et al., 1996) to barley (5000 Mh, >70% LTR 
retrotransposons, Vicient et al., 1999). Contribution and organization of 
retrotransposons and microsatellites in cereal genomes has been discussed by 
Alan Schulman from Helsinki (Finland) and the editors of this book in 
Chapter 4. 

2.2. Comparative Genomics 

The availability of molecular maps for all major cereal genomes facilitated 
studies on comparative mapping, where rice genome was used as the anchor 
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genome and all cereal genomes could be expressed in the form of -30 odd 
genomic blocks derived from the rice genome (Moore et aI., 1995; Gale and 
Devos, 1998). These studies also led to the conclusion that maize genome 
really consists of two genomes of five chromosomes each and is therefore an 
archaic tetraploid (Devos and Gale, 2000). Comparative studies revealed a 
good conservation of markers within large chromosomal segments of the 
cereal genomes. However, mapping of resistance gene analogs (RGAs) 
isolated from rice, barley and foxtail millet showed limited orthology (Leister 
et al., 1999). In recent years, isolation and sequencing of large genomic DNA 
fragments (100-500 kb) from many cereals provided further insights about 
the conservation of gene order between different cereal genomes at the sub
megabase level i.e. micro-colinearity (Chen et aI., 1997, 1998; Dubcovsky et 

al., 2001), although evidence for disruption of this collinearity is also 
available in some cases (Tikhonov et al., 1999; Tarachini et aI., 2000; Li and 
Gill, 2002). The comparative genomic studies also resolved a large number 
of duplications, translocations, and inversions that accompanied the evolution 
of these cereal genomes and could not be earlier resolved by conventional 
tools of cytogenetics research (Paterson et al., 2000; Benntezen, 2000; 
Bennetzen and Ma, 2003). Thus, the detailed studies on comparative 
genomics of cereals facilitated researchers to utilize information generated 
from one cereal genome for that of the other (see Bellgard et al., 2004). 
These aspects related to comparative mapping and genomics have been 
covered by Andrew Paterson from Athens (USA) in Chapter 5. 

2.3. QTL Analysis: Its Use in Study of 
Population Structure and for Crop Improvement 

Molecular markers have also been used for the study of population structures 
in the progenitors of our major cereals, which has been discussed by Eviatar 
Nevo, Haifa (Israel) in Chapter 6. Another important area of genomics 
research is QTL analysis (including QTL interval mapping), which has been 
utilized for mapping of QTL for a variety of economic traits and for 
developing markers that are closely associated with these QTLs in different 
cereal crops. One of the offshoots of this research is also the identification of 
traits and the associated QTL, which led to the domestication of cereals 
(Paterson et al., 1995; Heun et aI., 1997; Badr et aI., 2000; Ozkan et al., 
2002; Salamini et at., 2002; Peng et al., 2003). This aspect has been 
discussed in Chapter 7 by Francesco Salamini and his colleagues from 
Cologne (Germany), Lodi and Milan (Italy). One of the major benefits of 
QTL analysis would also be to identify QTL for resistance against biotic and 
abiotic stresses and the associated molecular markers (e.g. Ordon et aI., 
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1998; Friedt et al., 2003; Ribaut et al., 2002), so that this information will be 
utilized in future either for the marker-aided selection or for the isolation of 
these QTL through map-based cloning. Exploitation of molecular markers for 
identification of genes/QTLs for disease resitance in barley and wheat has 
been discussed in Chapter 8 by Ahmed Jahoor and his colleagues from 
Roskilde and Horsens (Denmark). Similarly, identification of genes/QTLs 
conferring tolerance to abiotic stresses have been discussed it;l Chapter 9 by 
Roberto Tuberosa and Silvio Salvi from Bologna (Italy). 

2.4. Marker -Assisted Selection (MAS) 
and Map-Based Cloning (MBC) 

Marker-assisted selection (MAS) is a powerful tool for indirect selection of 
difficult traits at the seedling stage during plant breeding, thus speeding up 
the process of conventional plant breeding and facilitating the improvement 
of difficult traits that can not be improved upon easily by the conventional 
methods of plant breeding (Ribaut and Hoisington, 1998). It -has been 
realized that despite extensive research in this area, MAS has not been put to 
practice in actual plant breeding, to the extent earlier anticipated (see 
http://www.fao.org/biotechllogs/c1010gs.htm). The reasons for lack of 
activity involving MAS, and the future possibilities of using MAS in wheat 
and barley breeding have recently been discussed in some reviews (Koebner 
et al., 2001; Koebner and Summers, 2003; Thomas, 2002, 2003), etc. It has 
however been recognized that with the availability of a large repertoire of 
SSR markers in majority of cereals and with the developments of SNPs at an 
accelerated pace, MAS will be effectively used in future to supplement the 
conventional plant breeding. In Chapter 10 of this book, Robert Koebner 
from Norwich (UK) is dealing with the present status and future prospects of 
MAS in cereals. 

Production of transgenic cereals requires isolation of important genes for 
agronomic traits (including those for resistance to diseases). Identification of 
closely linked markers with such genes provides the starting point for map
based cloning (MBC) of these genes. There are three major requirements for 
map-based gene isolation (Ordon et aI., 2000; Wise, 2000): (i) a high 
resolution genetic map spanning the gene of interest, (ii) availability of a 
large-insert genomic Y AC or BAC library, (iii) multiple independent mutant 
stocks and (iv) an efficient transformation system for use in functional 
complementation. All these resources either have become available or their 
generation is in progress in almost all the cereals (Table 1). Some of the 
resistance genes that have been isolated include the following, i.e. MIa 
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(Buschges et al., 1997), Mfa (Wei et al., 1999), Rarl (Lahaye et aI., 1998; 
Shirasu et al., 1999), Rpgl (Hovrath et al., 2003) in barley; xa-21 (Song et 
al., 1995), xa-l (Yoshimura et al., 1998), PiB (Wang et aI., 1999); Pi-ta 
(Bryan et al., 2000) in rice; and LrlO (Stein et al., 2000; Feuillet et al., 

2003), Lr21 (Huang et aI., 2003) and Pm3 (Yahiaoui et al., 2003) in wheat. 
In rice, progress is underway to isolate xa-5 (Blair et al., 2003), genes 
required from rice yellow mosaic virus (RYMV movement) (Albar et al., 
2003). In recent years some studies have targeted cloning of QTLs also by 
using MBC approach (see Yano, 2001). For instance, a fruit weight2.2 
(fiv2.2) QTL in tomato (Fraray et al., 2000) and two major photoperiod 
sensitivity QTLs, Hdl (Yano et al., 2000) and Hd6 (Takahashi et aI., 2001) 
in rice have recently been isolated. As an example for QTL isolation in 
cereals other than rice, Vgtl responsible for transition from vegetative to the 
reproductive phase in maize is looked upon as one possible target (Salvi et 

al., 2002). With the availability of resources and expertise, developed 
recently, it is expected to isolate some important QTLs in other cereals also 
in the near future. In Chapter 11, Nils Stein and Andreas Graner from 
Gaters1eben (Germany) have discussed methodology and progress in the area 
of MBC. Gene tagging using transposon induced mutant populations together 
with cDNA approaches are also gaining importance in some cereals like 
maize (Bensen et al., 1995; Das and Martienssen, 1995; for review see 
Osborne and Baker, 1995 and Wa1bot, 2000), rice (Hirochika, 1997; Izawa et 
al., 1997; Zhu Z.G. et aI., 2003), barley (Scholz et al., 2001), etc. 

3. LARGE- SCALE GENOME/ TRANSCRIPTOME 
SEQUENCING AND ITS UTILIZATION 

3.1. Methods and Progress of 
Whole Genome Sequencing (WGS) in Cereals 

Among higher plants, Arabidopsis genome is the first to be fully sequenced 
(TAGI, 2000). However, during the last two years (2001-2003) four drafts of 
rice genome sequences have also become available and are being extensively 
utilized for a variety of purposes (Barry, 2001; Goff et aI., 2002; Yu et al., 

2002; IRGSP- http://rgp.dna.affrc.go.jpIIRGSP/). The high quality sequences 
for three rice chromosomes 1, 4 and 10 have also been completed and 
published (Sasaki et al. 2002; Feng et al. 2002; The Rice Chromosome 10 
Sequencing Consortium, 2003). As we know, two different approaches are 
available for whole genome sequencing, one of them involving preparation 
of physical maps of BACs first, 'and then sequence the genome BAC-by 
BAC, and the other involving whole genome shotgun (WGS) approach 
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pioneered by James C. Venter, Rockville (USA) for the hmnan genome 
(Venter et al., 1998). Both these approaches have been utilized for whole 
genome sequencing of rice genome. In Chapter 13, Yeisoo Yu and Rod Wing 
from Tucson (USA) presents a detailed account on the methodology and the 
progress made in this direction. After completion of sequencing of 
Arabidopsis and rice genomes, efforts are underway to characterize and 
annotate all the genes in these two genomes. Information generated from 
these genomes will continue to prove very useful in different aspects of 
genomics research in other cereals. Takuji Sasaki and Baltazar Antonio from 
Tsukuba (Japan) have discussed the rice genome as a model system for 
cereals in Chapter 18. Similarly, in Chapter 17, Klaus Mayer and his 
colleagues from MIPS, Neuherberg (Germany) have discussed the 
Arabidopsis genome and its use in cereal genomics. However, some cereals 
like barley have a unique property of malting, which makes it different from 
other cereals. This suggests that at least for this particular trait, barley 
genome has genes, which are absent in Arabidopsis and rice genomes. 
Similar unique genes for some other traits may be available in other cereals 
also. Therefore, several large-scale EST sequencing projects were i1!itiated in 

barley, wheat, sorghum, maize, etc. and as a result large amount of data has 
been generated (Table 1). Due to importance of maize as a cereal crop, the 
Maize Genome Sequencing Project is also underway (Chandel and Brendel, 
2002; http://www.maizegenome.org/). It is believed that the maize genome 
sequence will be useful for annotation of rice genome in the same manner as 
mouse genome proved useful for the human genomes (Gregory et al., 2002). 
However, barley and wheat are also important cereals, but whole genome 
sequencing has not been planned for these two cereals due to their large 
genome size (Table1). However, in an ITMI meeting (Winipeg, Canada, June 
1-4, 2002) Bikram Gill and other cereal workers discussed the concept of 
IGROW (International Genome Research on Wheat) to lead wheat genome 
sequencing and improvement effort for the next 10 years. IGROW has the 
following objectives: (i) identification of gene-rich regions by using BAC
library and Cot-based procedures, and (ii) shotgun sequencing of the 
identified gene-rich regions of the wheat genome (http://wheat.pw.usda.gov/ 
ggpages/awn!48/Textfiles/lGROW.html). In November 2003, another 
meeting of IGROW sponsored by the National Science Foundation and the 
United States Department of Agriculture was held to discuss the need and a 
strategy for sequencing the wheat genome consisting of 16,000 Mbp. It was 
argued that the wheat genome sequence would provide a model for structural 
and functional changes that accompany polyploidy and that model species 
cannot be used to study the unique traits in wheat (Gill and Appels, 2004). 
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3.2 Bioinformatics and its Use in Development 
and Use of Cereal Databases 

Extensive data on all aspects of cereal genomics are now available at 
GrainGenes (http://wheat.pw.usda.gov/). An independent database Gramene 
(http://www.gramene.org/) has also been created, which has major emphasis 
on rice genome and its relationship with other cereal genomes. Other 
independent databases are also available for some individual cereal crops, 
like rice (Oryzabase http://www.shigen.nig.ac.jp/rice/oryzabase/) and m�ize 
(ZeaDB http://www.zmdb.iastate.edu/; MaizeDB http://www.agron. 
missouri.edul). Similar databases have yet to be developed for other cereals 
like wheat, barley and oats. Tools of bioinformatics are already being used 
for development and use of these databases for mining useful information. 
Some efforts are also underway at the University of California, Berkley 
(USA) to create a database (CereGenDB) for coding sequences that are 
conserved not only between rice and other cereals, but also between cereals 
and Arabidopsis. These aspects have been discussed in Chapter 14 by Dave 
Matthews, Olin Anderson and their colleagues from Ithaca and Albany 
(USA). 

3.3. Functional Genomics and 
its Utility for Crop Improvement 

During the last 5 years, as mentioned above,a large amount of sequence data, 
has been generated from many genomelEST sequencing projects in cereals 
(Table 1 ). Available sequence data are being already utilized for a variety of 
purposes, including annotation of these genomic sequences. An important 
area of research in the field of functional genomics in cereals is the study of 
expression patterns in time and space (see Schena, 1999; Kehoe et a!., 1999). 
These studies are being related with the whole genome sequences with and 
without known functions and also with the information available about the 
structure and function of proteins available in the databases. In this direction, 
mainly eDNA clones corresponding to the ESTs, have been utilized to 
prepare eDNA macro/micro-arrays (Richmond and Somervi"lle, 2000). 
Exploitation of micro array technology for gene expression studies in cereals 
is still in its infancy (see Sreenivasulu et al., 2002b). Nevertheless some 
progress has been made in identification of genes involved in embryo/seed 
development, seed germination, grain filling, etc. in some cereals like maize 
(Lee et al., 2002), barley (Sreenivasulu et al., �002a; Potokina et a!., 2002), 
rice (Zhu T. et al., 2003). Studies have also been targeted towards genes that 
are responsible for stress tolerance (Kawasaki et a!., 2001; Bohnert et a!., 
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2001; Ozturk et al., 2003). These aspects are discussed in two chapters; 
Chapter 15 by Peter Langridge and his colleagues from Adelaide (Australia); 
and Chapter 16 by Nese Sreenivasulu and others from Gatersleben 
(Germany) and Hyderabad (India). Recently, a new approach, called 
'genetical genomics' has also been proposed, where expression profiling of" 
individual genes is combined with QTL mapping in a segregating (mapping) 
population (Jansen and Nap, 2001; Jansen, 2003). We believe that 
availability of large EST collections for genome-wide expression profiling 
and analytical tools available for molecular marker analysis in different 
cereals will accelerate the use of the 'genetical genomics' approach for 
identification of genes for different agronomic traits to be used for crop 
improvement programmes. 

4. GENOMICS RESEARCH IN CROP IMPROVEMENT 

The current investment on cereal genomics research eventually has to give 
returns in the form of improved cereal crops. For this purpose, we need to 
achieve success, both in using molecular marker aided selection (MAS) and 
in the development of improved transgenic cereals, which would give not 
only increased yield, but will also give value added cereals with improved 
nutritional quality. According to most cereal workers, both these expectations 
of cereal genomics research should be realized in the near future. Availability 
of complete genome sequence of rice along with the EST -sequencing 
projects in other cereals provides enough resources to utilize them in the wet 
lab as well as for in silico mining, with an objective to improve crops. 
Utilization of sequence data in post-genomic era is being discussed in 
Chapter 19 by Mark Sorrells, Ithaca (USA). Wanlong Li and Bikram Gill 
from Manhattan (USA) discuss the future; role of genomics research for 
cereal improvement in the concluding chapter of this book (Chapter 20). 

5. SUMMARY AND OUTLOOK 

Significant progress in the field of cereal genomics has already been made in 
almost all cereals. For instance, availability of a variety of molecular markers 
facilitated preparation of high-density maps in almost all cereals. This 
activity proved useful in identification of molecular markers linked with 
genes/QTLs for a variety of economic traits including those conferring 
tolerance to biotic and abiotic stresses. In some cases, molecular markers 
have also been used for MAS, and for map-based cloning (MBC) of genes. 
However, in cereals other than rice and maize (eg., wheat and barley ), further 
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research at an accelerated pace is required in both areas i.e. MAS and MBC. 
Data on genomic and EST sequences from a variety of sources are also being 
analysed to understand the genomes and the transcriptomes of different 
cereals. For instance, in the field of functional genomics, availability of ESTs 
from different parts of a plant in an individual cereal crop gave a momentum 
to research involving identification and annotation of genes for different 
biological processes. The genes, identified thus, now need to be integrated to 
the genetic and physical maps including those based on BAC clones derived 
from genomic and cDNA libraries. This will then allow effective use of DNA 
markers in MAS as well as in MBC projects with an ultimate objective' of 
crop improvement in cereals. Additional work however is needed in the area 
of association mapping and linkage disequilibrium (LD), which have proved 
extremely fruitful in human genetics (Jannink and Walsh, 2002). Since in this 
area, only a beginning has been made in cereals (Thornsberry et al., 2002; 
Remington et al., 2002; see Rafalski and Morgante, 2004), and its impact is 
yet to be realized, this aspect has not been covered in this book. Similarly, 
not much work in the area of cereal proteomics is available so far to find a 
place in this book. We hope that more work on cereals will be done in these 
areas, by the time this book becomes available to the readers. In the next 
decade, it will be a major challenge in each cereal crop to build integrated 
databases, combining information on genome and proteome sequences and 
their maps, mRNA and protein expression profiles, mutant phenotypes, 
metabolism and allelic variation. This integrated information on 
trancriptome(s)/genome(s) will then be accessible on-line. We believe that in 
future, we will be talking of a 'cereal gene' rather than of a gene for a 
particular cereal species in order to improve the quality as well as quantity of 
cereal grain worldwide, which is a major challenge indeed, to be realized in 
the next few years. 

6. REFERENCES 

Akhunov B.D., Goodyear A.W., Geng S., Qi L.-L., Echa1ier B., Gill B.S., Miftahudin, 
Gustafson J.P., Lazo G., Chao S.M., et al. The organization and rate of evolution of 
wheat genomes are correlated with recombination rates along chromosome arms. 
Genome Res 2003, 13: 753-763 

Albar L., Ndjiondjop M.-N., Esshak Z ., Berger A., Pinel A., Jones M., Fargette D., Ghesquiere 
A. Fine genetic mapping of a gene required for rice yellow mosaic virus cell to cell 
movement. Theor Appl Genet 2003; 107 (2): 371-378 

Appels R., Francki M., Chibbar R. Advances in cereal functional genomics. Funct Integr 
Genomics 2003; 3: 1-24. 

Badr A., Muller K., Schafer-Pregl R., E1 Rabey H., Effgen S., Ibrahim H.H., Pozzi C., Rohde 
W., Salamini F. On the origin and�omestication history of barley (Hordeum vulgare). 
Mol BioI Evo1 2000; 17: 499-5 10 



Cereal genomics: An overview 1 3  

Barry G. F. The u se of Mo nsa nto draft r ice ge nome seque nce in re search . Pla nt Phy siol 200 1 ;  
125: 1 164- 1 1 65 

Bel lga rd M. , Ye J. , Gojobor i T. , A ppel s R .  The b io informa tic s challe nge s in compara tive 
a nalysis of cereal ge nome s- an overv iew . Fu nc t Integr Ge nom 2004; 4: 1 - 1 1  

Benne tze n J. L. Com para tive seque nce analy sis of pl ant nuclear ge nome s: M icrocol inea rity 
and its ma ny exce ptio ns. Pl ant Cell 2000; 1 2 : 1 02 1 -1 029 

Be nne tze n J. L., Ma J. The ge ne tic col inearity of r ice a nd o ther ce real s o n  the basis of ge nom ic 
seque nce a naly sis. Curr O pin Plan t B io I  2003; 6 :128-33 

Be nse n R.J., Johal G. S. ,  Crane V.C. , To ssberg J.T. , Schnab le P. S. , Meeley R.B ., Br igg s S. P. 
Clo ning a nd cha rac ter iza tio n of the maize Ani ge ne. Pla nt Cell 1 995; 7: 75 -84 

Blair M.W. , Gar ris AJ ., I yer AS., Cha pma n B. , Kre sov ich S. McCouch S.R. H igh re solu tio n  
ma pping a nd ca ndida te ge ne ide ntifica tio n  a t  the xa5 locu s for bac ter ial bligh t 
re sista nce in r ice (Oryza sativa L.).  Theor A ppl Ge ne t  2003; 1 07: 62-73 

Boh ner t, H.J and the Pl ant Stress Co nsor tium. A ge nom ic s  a pproach towards sal t stre ss 
tolerance. Pla nt Phy siol B iochem 200 1 ;  39: 295-3 1 1  

Bryan G.T. , Wu K. S., Farrall L. , J ia Y. L. , Hershey H. P. ,  McA dam s SA, Faulk K.N. , 
Do nal dso n  G .K. , Tarch ini R. , Vale nt B. A single am ino acid differe nce distingu ishe s 
re sista nt and su sce ptible allele s of the r ice blast resistance ge ne Pi-ta. Plant Cell 2000; 
12:  2033-2045 

Bu schge s, R. , Hollr icher , K. , Pan struga , R. , Simons, G. , Wo lter , M. , Fr ijt er s, A. , va nDaele n, 
R. , vander Lee , T. , Die rgaar de ,  P. , Groe ne ndijk,  J. et al. The barley mlo ge ne :  A novel 
co ntro l  e leme nt of pla nt pa thogen re sistance . Cell 1 997; 88:  695 -705 

Cha ndel V. L. ,  Bre ndel V. The ma ize ge nome seque nc ing projec t. Pla nt Phy siol 2002; 130:  
1594- 1 597 

Che n M. , Pre sting G. , Barbazuk W .B ., Go icoechea J.L., Blackmo n B ., Fa ng G. , Kim H. , 
Fr isch D. , Yu Y. , Su n S., et al. An integra te d phy sical a nd ge ne tic ma p of the rice 

ge nome. Pla nt Ce ll 2002; 14: 537- 545 
Che n M. , Sa nM igue l P. Be nne tze n J. L. Seque nce orga niza tio n and conserva tio n in sh2lai

homo logou s reg io ns of sorghum a nd r ice. Ge ne tic s 1 998; 148 :435-443 
Che n M ., Sa nM iguel P. , deOl ive ira A .C. , Woo S. S. , Zhang H. , W ing R. A, Be nne tze n J .L. 

M icroco1 inea rity in sh2-homologou s reg io ns of the ma ize , r ice , a nd sorghum ge nome s. 
Proc Na t! Acad Sc i U SA 1 997; 94: 343 1 -3435 

Ch il ds K .L. ,  K lei n R.R. , Klein P.E. , Mori sh ig e D.T. , Mulle tt J.E. Ma pping g enes on an 
integra te d sorghum ge ne tic a nd phy sical mappi ng u sing cD NA selec tio n tech nology . 
Pla nt Jour 200 1 ;  27 : 243 -255 

Das L. , Mar tie nsse n R. Site- selec te d  tra nspo so n mu t.age ne sis a t  the Hell06 locu s in maize. 
Pla nt Cell 1 995; 7: 287-294 , 

Davis G .L., McMulle n M.D., Bay sdorfer C ., Muske t T. , Gra nt D. Staebell M ., Xu G. , Polacco 
M. , Koster L. , Me lia-Ha ncock S. , et al. A maize ma p sta ndar d w ith seque nce d  core 
marker s, gra ss ge nome refere nce po ints a nd 932 ex pre sse d seque nce tagge d site s 
(E ST s) in a 1 73 6 -locu s map. Ge ne tic s 1 999; 1 52 :  1 13 7 - 1 172 

Devo s K .M. Gale M.D . Genome re la tio nsh ips: the grass mo del in curre nt re search. Pla nt Cell 
2000; 12:  63 7 -646 

Dubcov sky J. , Ramakr ish na W. , Sa nM igue l P.J ., Bu sso C. S. ,  Ya n L. L. , Sh iloff B A, 
Be nne tzen J. L. Com para tive seque nce a na ly sis of co linear barley and r ice bac ter ial  
ar tific ial ch romo some s. Pla nt Phy siol 2001 ; 125:  1342 -1353. 

Edwards K .J. , Steve nso n D. Cereal ge nom ic s. A dv Bot Re s A dv Pla nt Pa tho 1200 1 ;  34: 1-22 
Fe ng Q. , Zha ng Y. , Hao P. , Wa ng S. , Fu G. , Hua ng Y., Li Y. , Zhu J. , Liu Y. , Hu x., et al., 

Seque nce a nd anal ysis of rice chromo some 4. Na ture 2002; 420: 3 16- 320 
Feu ill et C. , Keller B .  H igh ge ne de nsity is co nserve d at sy nte nic loc i of small a nd large gra ss 

ge nome s. Proc Na t Acad Sc i U SA 1 999; 96: 8265 -8270 
Feu ille t C ., Ke ller B. Compara tive ge nom ic s  in the gra ss fam ily: molecular cha rac te riza tio n  of 

gra ss ge nome struc ture a nd evolu tio n. Ann Bot 2002; 89:3-1 0  



14 P. K Gu pta and R. K. Varsh ney 

Feuille t C ., Travella S., Stem N., Albar L ., Nubla t A., Keller B .  Ma p-base d IsolatIon of the 
leaf rus t disease res Is ta nce ge ne LrlO from the he xa ploid whea t (Tntzcum aestzvum L .) 
ge nome . Proc Na t Acad SCI USA 2003; in press .  

Fraray A ., Nesbitt T .C ., Fr ary A., Gra ndIllo S., Kna pp E., Co ng B ., L iu J ., Meller J ., Elber R ., 
Al per t K.B ., et al.fw2 2: a qua ntita tive tra it locus key to the evolutio n  of toma to fruit 
SIze . SCIe nce 2000; 289 :85 -88 

Frie dt W ., We rner K., Pell io B ., We isko rn C ., Kr amer M ,  Or do n  F. Stra teg ies of bree ding for 
durable disease res is ta nce m cereals . Prog Bo t 2003; 64 : 1 3 8 -167 

Gale M .D ., Devos K.M .  Com pa ra tive ge ne tIcs in the grasses . Proc Na tl Acad Sc i U SA 1 998; 
95 : 1971 -1 974 

Gao L .F., Ta ng J .F ., L I  H .W., J la J .Z .  A nalys Is of microsa tell ites in majo r cro ps assesse d 
by computa tIOnal and ex perimental a pproaches .  Mol Bree d 2003; 1 2 :  245 -261 

Gill B .S., A ppels R.  NSFIU SD AlIGROW worksho p on whea t ge nome seque nc ing .  Ge ne tics 
2004 ; in press 

Goff S.A . Rice as a mo del for ce real ge nom ics . Curr O pin Plant B io I  1 999; 2: 86 -89 
Goff S.A ., R icke D ., Lan T.H ., Pre s ting G ., Wa ng R .L ., D unn M ., Glazebrook J., Sess IOns A ., 

Oeller P., Varma H., et al. A draft seque nce of the rice ge nome (Oryza satzva L .  ss p 
japonzca). SCIe nce 2002; 296 : 92 -100 

Gregory S.G ., Sekho n  M ., Schem J ., Zhao S., Osoegawa K., Sco tt C .E., Evans R.S., Burridge 
P.W., Co x T .V., Fo x C .A., et al. A phys ical map of mouse ge nome . Na ture 2002; 
4 1 8 :743 -750 

Gu pta P.K ., Varsh ney , R .K The develo pment and use of m Icrosa tell Ite markers for ge ne tic 
analys is an d plant b ree dmg w ith em phas is o n  brea d wheat . Eu phytlca 2000; 1 1 3 :  1 63 -
1 85 

Gu pta P.K ., V arsh ney R .K., Prasad M .  Molecular ma rkers: pr inc Iples and me tho dology . In: 
S.M . Jain, D .S. Brar , B .S. Ahloowal ia (e ds .), Molecular Technzques zn Crop 
Improvement, Kluwer Aca dem ic Publ ishers , Dor drech t, The Ne therla nds , 2002; pp 9 -
54 

H arush Ima Y., Ya no M ., Shomura A ., Sa to M ., Sh imo no T ., Kuboki Y., Yamamo to T ., Lin 
S.Y., A nto nio B .A. , Parco A., et al. A h igh de nSIty nee ge ne tic l mkage ma p w ith 2275 
markers usmg a s ingle F2 po pula tio n. Ge ne tics 1998; 148: 479 -494 

Heslo p-H arnso n  J.S. Compara tive ge nome o rg aniza tio n  in plants : From seque nce and markers 
to chromatin a nd c hromosomes . Plant Cell 2000; 1 2 :  6 1 7 -635 

Heu n M ., SchaferPregl R ., Klaw an D ., Cas tag na R., Accerb I M ., Borgh I B ., Salami nI F .  SIte 
of e mko rn whea t domes tIca tio n ide ntifie d by D NA finge rpnntmg . Sc ie nce 1 997; 278 : 
1 3 1 2 -1 3 1 4  

H iroch ika H .  Retro tr ans poso ns of r ice : their regulatIOn and use for genome analys is . Pla nt Mol 
B IOI 1 997; 3 5 : 23 1 -240 

Horva th H ., Ros toks N., Brueggma n R, Steffe nso n  B ., vo n We tts tem D ., Kle inhofs A .  
Ge ne tIcally e ngineere d s tem rus t res is ta nce m barley usmg the Rpgl ge ne .  Proc Na tl 
Acad SCI U SA 2003; 100 :  364 -369 

Hua ng L ., Brooks S.A ., LI W ., Fellers J .P., T nck H .N., Gill B S Ma p-base d clo ning of leaf 
rus t res is ta nce ge ne Lr21 from the large and poly pl OId genome of brea d wheat. 
Ge ne tics 2003; 1 64 '  655 -664 

Izawa T ., Oh nish i T ., Naka no T ., Ish ida N., Enoki H ., Hash Imo to H ., Itoh K., Tera da R, Wu 
C .Y., M Iyazak i C ., et al. Tra ns poso n taggi ng in rice . Plant Mol B IOI 1 997; 3 5 :  2 1 9 -229 

Jannink J .-L ., Walsh B .  A SSOCIa tIOn ma ppmg in pla nt po pula tIOns . In M .S. Kang (e d.) , 
Quantztatzve Genetzcs, Genomzcs and Plant Breeding, CAB I nte rna tio nal , U SA .  2002 , 
pp. 59 - 68 

Ja nse n RC . Stu dymg com plex b iological sys tems us ing mul tifac tor ial perturba tio n. Na ture 
Rev Ge ne t  2003; 4: 145 -1 5 1  

J anse n R .C ., Na p J .- P. Ge ne tIcal ge nom ics: the adde d  value from segrega tio n. Tre nds Ge ne t  
2001 , 1 7 :  388 -3 9 1  



Cereal genomlcs An oveflliew 15 

Kan te ty R.V ., Ro ta M L., Matthew s D .E., Sorrell s M .E. Data m mmg for simple sequence 
repea ts m expre sse d sequence ta gs from barley , ma Ize , nce ,  sor ghum an d wheat. Plan t 
Mol B IOI 2002; 48 · 501 -5 1 0  

Kawa sak i S ,  Borcher t c., Deyholo s M. , Wan g H. , Braz ille S., Kawa I K ,  Galbra ith D ., 
Bohner t H.J Gene expre ssIOn profile s dur in g the mltlal pha se of sa lt stre ss m nce .  
Plan t Cell 200 1 ;  13 :  889 -905 

Kehoe D ., V illan d P., So mmerv ille S. D NA m icro array s for stu die s of higher plan ts an d o ther 
pho to synthetic orga msms. Tren ds Plan t Sc i 1 999; 4:38 -41 

Koebner R ,  Powell W. , Do mm P. Con tributIOn s  of D NA molecula r marke r technolo gie s  to 
the gene tic s an d bree dmg of wheat an d barley Plant Bree dmg ReViews 200 1 , 2 1 :  1 8 1 -
220 

Koebner R.M .D , Summer s R.W .  21 st cen tury whea t bree dmg: plo t selec tIOn or plate 
de tec tIOn ?  Tren ds B IOtech 2003 , 2 1 · 59 -63 

Kle in P.E , Kle m R.R., Cart inhour S.W. , Ulanch P.E., Don g J., O bert J.A .  Monsh ge D T, 
Schlue ter S D. , Ch il ds K.L., Ale M ., et al A h igh throu ghpu t A FLP ba se n me tho d for 
con struc tmg mte gra te d genet ic and phYSical map s: pro gre ss towar d a sor ghum genome 
map . Genome Re s 2000; 1 0 ·  789 -807 

Kumar L.S D NA marker s m plan t Improvemen t: An overv iew B IOtech Adv 1999 , 17:  143 -
1 82 

Kumar A. Benne tzen J .L Plan t re tro tran sp son s. A nnu Rev Gene t 1999; 33 479 -532 
K imzel G ., Korzun L , Me ister A. Cy tolo gically mte grate d phy sical restric tIOn fragmen t length 

polymorph ism map s for the ba rley genome base d  on tran slocatIOn b reakpo mts 
Genetic s  2000; 154 ·  397 -412 

Kura ta , N., Na gamura, Y. , Yamamoto , K ,  Haru sh ima , Y ,  Sue ,  N., Wu , J ,  Anto mo , B A ,  
Shomura, A. , Sh im iZU, T ., L m, et al A 300 kolobase mterval gene tic map of r ice 
mclu dIn g 883 e xpre sse d  sequence s Na ture Gene t 1994; 8 :  365 -372 

La gudah E.S. , Dubcov sky J ,  Powell W. Whea t genom lc s. Pl ant Phy slOl B lOchem 200 1 , 39: 
335 -344 

Lahaye T ., Sh lrasu K., Schulze-Lefer t P Ch romo some l andmg a t  the ba rley Rarilocu s. Mol 
Gen Gene t 1 998; 260: 92 -1 0 1  

Lee J .-M ., W ill Iam s M E., T In gey S V , Rafal sk I J .-A . D NA array pro fil mg of gene expre ssIOn 
cha nge s  du rmg ma ize embryo deve lopmen t. Func t  In te gr Genom 2002 , 2 1 3 -27 

Le iste r D. , Kur th J , La une D .A ., Yano M ,  Sa sak I T., Graner A. , Schulze -Lefer t P. R FLP an d 
phYSica l  mapp In g  of re sistance gene homolo gue s m nce (Oryza sativa) an d ba rley 
(Hordeum vulgare). Theor Appl Gene t 1 999; 98:509 -520 

LI W ., G ill B .S. The col mer ity of the Sh21 Ai orthol o.gou s region m nce ,  sorghum an d ma ize 
IS mte rrup te d an d accompan ie d by genom e expan sIOn m the tr ltlceae Genetic s  2002; 
1 60: 1 1 53 -1 1 62 

McCouch S R ,Tey te hnan L ., Xu Y ,  Lobo s K B ., C lare K ,  Wa lton K ., Fu B. , Ma gh rran g R ., 
LI Z. , X In g  Y , et al Developmen t and mapp mg of 2240 new SSR m arkers for nce 
(Oryza sativa L.) . DNA Re s 2002 , 9 ·  1 99 -207 

Moore G. , Devo s K.M , Wan g Z. , Gale M .D .  Gra sses, l Ine up an d form a c rrcle . Curr B IOI 
1 995; 5 ·  737 -739 

Or don F., Koh ler H. , Pell io B ., FrIedt W. From gene tic towar ds phYSical distance s. h igh 
re solu tIOn mapp mg of plan t re sistance gene s. Pro g  Bot 2000; 6 1 :37 -52 

Ordon F. , Wenze l W ,  Fne dt W .  II Recomb ma tlOn ·  mo lecular marker s for resistance gene s m 
ma jor gra m  crop s Pro g  Bo t 1998; 59. 49 -79 

O sbome B .I ., Baker B .  Mover an d shaker s - maIze tran spo son s as tool s for analy smg o ther 
plan t genome s. Cur r Op in Plan t B IOI 1 995; 7.  406-4 1 3  

Ozkan H ., Br andollm A. , Schafer- Pre gl R ,  Salam ml F. A FL P  anal YSIS o f  a collec tIOn of 
te trapl OId whea ts mdlca te s the o ngm of emmer and har d whea t dome stica tIOn in 
sou theast Turkey Mol B io I  Evol 2002; 1 9 .  1 797-1 801 



1 6  P K Gupta and R K Var sh ney 

Oz turk Z N. , Talame V. , Deyho lo s  M ., M Ichalow sk I  C B , Galbra Ith D W , Gozuk mmz I N. , 
Tubero sa R ,  Boh ner t H.J. Mo mto nng large- scale cha nge s m tra nsc npt abu ndance m 
drough t- and sal t- stresse d  barley. Pl ant Mol B IOI 2002; 48: 5 5 1 -573 

Pa ter so n A .H , Bower s I.E , Pa te rso n D G. , Estill J.C , Cha pman B A. S truc ture and evolu tIOn 
of cereal ge nome s. Curr O pm Ge ne t  Dev 2003; 1 3 :  644-650 

Pa ter so n A.H. , Lm Y.-R , LI Z , Scher tz K F. , Doebley J F. , Pmso n S.R.M. , Lm S -C , S tansel 
J W. , I tvme J.E Co nverge nt dome stIcatio n  of cereal cro ps by mde pe nde nt mu ta tIOns a t  
co rrespo ndmg ge ne tIc loc I  S CIe nce 1995 , 269 1 714 -17 1 8  

Pa ter so n A H. , Bower s J E , Burow M.D. , Draye X , Eisik C.G , JIang c.x., Ka tsar C S , La n 
T H. , Lm Y.R , M mg R, et al Comparitive ge nomic s  of pla nt c hromo some s. Plant 
Cell 2000; 12 1 523-1539 

Pe ng J H. , Ronm Y ,  Fahlma T. ,  Ro der M S. ,  LI Y.C , Nevo E ,  Korol A. Dome stIca tIOn 
qua ntIta tIve tra It l OCI m Tntzcum dZcoccOldes, the progemtor of whea t. Proc Na t! Aca d 
S CI USA 2003 ; 100 :  2489 -2494 

Ph Ill Ips R. L. ,  Va sIl I K (e ds ) DNA-Based Markers zn Plants, Kluwer Aca dem Ic Publ Isher s, 
The Ne therla nds, 1 994 

Ph IllIpS R.L., VaSIl LK (e ds ) DNA-Based Markers zn Plants, 2 nd EdItIOn, Kluwer Academ Ic 
Publ Ishers, The Ne the rla nds, 200 1 

Po tok Ina E ,  Sree mva sulu N., Aitsc hmie d L., M Ichalek W. , Gra ner A. D IfferentIal ge ne 
ex pre ssIOn dunng see d  germ ina tIOn m barley (Hordeum vulgare L.) . Fu nc t I ntegr 
Ge nom 2002 , 2:28-39 

Rafal sk I A. A ppl Ica tIOns of smgle nucleo tIde polymor ph lsms m cro p gene tIc s. Curr O pm Plant 
B IOI 2002 , 5: 94- 100 

Rafal skI A , Morga nte M. Com and human s: recomb ma tIOn and l inkage dlseq ml Ib num m two 
ge nome s of slImlar SIZe Tre nds Ge ne t  2004 , 20 103-1 1 1  

Rem mg to n  D L. , Tho rnsberry J M ,  Ma tsuoka Y ,  W Il son L M ,  WhItt S R ,  Doebley J ,  
Kre sov lch S. , Goodma n M M , Buckler E S S truc ture of l Inkage dlseq ml Ib num a nd 
phe no ty pIc a SSOCIa tIOns m the ma IZe ge nome Proc Na t! Acad S CI USA 200 1 , 98 
1 1479-1 1484 

RIbau t J -M , B <iIlZlger M , B e tran J , J Ia ng C. , Edmeade s  G O. , Dreher K ,  H OIsmg to n D Use 
of molecular marker s m plan t bree dmg .  drough t tolera nce Im proveme nt m tro pIcal 
ma Ize. I n: M. S. Kang (ed.) ,  Quantztatzve GenetiCS, Genomzcs and Plant Breedzng, 
CAB I nte rna tIOnal , USA , 2002; pp 85 - 99 

RIbau t J.-M , H OIsmg to n D .  M arker-a ssIste d selec tIOn' new tool s an d starteg le s Trends Pla nt 
S CI 1 998 , 3 :  236-239 

Richmond T , Somerv Ille S Chasmg the dream . plant m icroa rray s. Cu rr O pm Pla nt B IOI 2000; 
3 '1 08-1 1 6  

Saiam mi F. , Ozkan H ., Bran dolIm A ,  Schafer- Pegl R. , Mar tm W Gene tICS a nd geo gra phy of 
WIl d cereal dome stIca tIOn m the near Ea st. Na ture Rev Ge ne t  2002 , 3 '  429-441 

SalVI S , Tub ero sa R. , Ch la ppanno E. , Maccafem M ,  Veill et S , v an  B eu nmgen L , Is aac P , 
Edwar ds K , Ph Ill Ips R L Towar d po sItIOnal clo nmg of Vgtl, a QT L co ntroll mg the 
tra nsItIOn from the vege ta tIve to the re pro ductIve phase m ma Ize. Pla nt Mol B IOI 2002; 
48: 60 1 -6 1 3 .  

Sa ndhu D. , G Ill K S Ge ne-co ntammg regIOns of whea t and the o ther gra ss ge nome s. Plant 
Ph YSI01 2002; 128: 803 -8 1 1 

SanM Iguel P. , T lkho nov A ,  J m  Y.K , Mo tchoul sk ma N, Zakha rov D ., Melake-Berha n A ,  
S pnnger P.S. , Edwards KJ. , Lee M. , Avramova Z ,  et al Ne ste d re tro transpo so ns m 
the mterge mc regIOns of the ma Ize ge nome. S CIe nce 1996 , 274 ' 765-768 

Sasak I T Ma tsumo to T. , Yamamo to K , Saka ta K , Baba T. , Katayo se Y. , Wu J. , Nnmura Y. , 
Che ng Z. , Nagamura Y. , et al The ge nome seque nce a nd struc ture of nce chromo some 
1 Na ture 2002; 420 3 1 2-3 1 6  

Sche na M. DNA Mzcroarrays A Practzcal Approach, Oxford U mverslty Pre ss, New York , 
USA , 1 999 



Cereal genomics: An overview 17 

Scholz S., Lorz H., Lutticke S .. Transpo sition of the maize transpo sable element Ac in barley 
(Hordeum vulgare L.). Mol Gen Genet 200 1;  264 : 653-661 

Sharopova N., McMullen M.D., Schultz L., Schroeder S., Sanchez-Villeda H., Gardiner J., 
Bergstrom D., Houchins K., Melia-Hancock S., Musket T., et al. Development and 
mapping of SSR markers for maize. Plant Mol BioI 2002; 48: 463-481 

Shirasu K., Lahaye T., Tan M.W., Zhou F.S., Azevedo C., Schulze-Lefert P. A novel class of 
eukaryotic zinc-binding proteins is  required for disease re sistance signaling in barley 
and development in C. elegans. Cell 1999; 99 : 355-366 

Song W.Y., Wang G.L., Chen L.L., Kim H.S., Pi L.Y., Holsten T., Gardner J., Wang B., Zhai 
W.X., Zhu L.H., et al. A receptor kinase-like protein encoded by the rice disease 
re si stance gene,Xa21. Science 1995;  270: 1804-1806 

Sreenivasulu N., Altschmied L., Panitz R., H ahnel U., Michalek W., Weschke W., Wobus U. 
Identification of genes specifically expressed in maternal and filial tissues of barley 
caryopses: A cDNA array analy sis. Mol Gen Genom 2002a; 266: 758-767 

Sreenivasulu N., Kavikishor P.B., Varshney R.K., Alt schmied L. Mining functional 
information from cereal genomes- the utility of expressed sequence tags (ES Ts). Curr 
Sci 2002b; 83 :965- 973 

Stein N., Feuillet C. ,  Wicker T., Schlagenhauf E., Keller B. Subgenome chromosome walking 
in wheat : A 450-kb physical contig in Triticum monococcum L. spans Jhe Lr 10 
resistance locus in hexaploid wheat (Triticum aestivum L.). Proc Nat Acad Sci USA 
2000; 97: 134 36-1344 1 

TAG!, The Arabidopsis Genome Initiative. Analysis of the genome sequence of the-flowering 
plant Arabidopsis thaliana. Nature 2000; 408: 796-815 

Takahashi Y., Shomura A., Sasaki T., Yano M. Hd6, a rice quantitative trait locus involved in 
photoperiod sensitivity, encodes the alpha subunit of protein kinase CK2. Proc Nat 
Acad Sci USA 2001;  98: 7922-7927 

Tao Q.Z., Chang Y.L ., Wang J.Z., Chen H.M., Islam-Faridi M.N., Scheuring C., Wang B., 
S telly D.M., Zhang H.B. Bac terial artificial chromosome-based physical map of the 
rice genome constructed by restriction fingerprint analysis. Genetics 2001;  158: 17 1 1-
1724 

Tarchini R., Biddle P., Wineland R., Tingey S., Rafalski A. The complete sequence of 340 kb 
of DNA around the rice Adh l -Adh2 region reveals interrupted colinearity with maize 
chromo some 4. Plant Cell 2000; 12: 381-39 1 

Thangavelu M., James A.B., Bankier A., Bryan G.J., Dear P.H., Waugh R. HAPPy mapping 
in plant genome : reconstruction and analysis of a high-resolution physical map of 1.9 
Mpp region of Arabidopsis thaliana chromosome 4. Plant Biotech Jour 2003; 1:23-3 1 

The International HapMap Consortium. The international HapMap project. Nat ure 2003; 426: 
789-796 

The Rice Chromosome 10 Sequencing Consortium :  Yu Y., Rambo T., Currie J., Saski C., Kim 
H.R., Collura K., Thompson S., Simmons J., Yang T.-J., Nah G. et al. In-depth view of 
structure, activity, and evolution of rice chromo some 10. Science 2003; 300: 1566-
1569 

Thomas W.T.B. Molecular marker-assisted versus conventional selection in barley breeding. 
In : Slafer G.A., Molinacano J.L., Savin R., Araus J.L., Romago sa 1. (eds.), Barley 
Science: Recent Advances From Molecular Biology to Agronomy of Yield and Quality, 
Food Products Press, Binghamton, New York, USA, 2002; ppl 77-204 

Thomas W. T.B. Prospects for molecular breeding of barley. Ann Appl BioI 2003 ; 142:  1- 12 
Thornsberry J.M., Goodman M.M., Doebley J., Kre sovich S., Nielsen D., Buckler E.S. 

Dwarf8 polymorphism s  associate with variation in flowering time. Nature Genet 2001 ;  
28: 286-289 

Tikhonov A.P., S anMiguel P.J., Nakajima Y., Gorenstein N.M., Bennetzen J.L., Avramova Z. 
Colinearity and its excepti9ns in orthologous adh regions of maize and sorghum. Proc 
Natl Acad Sci USA 1999; 96:  7409-74 14 



1 8  P. K .  Gupta and R. K Varshney 

Varshney R.K, Thiel T., Stein N., Langridge P. , Graner A In silico analysis on frequency and 
distribution of micro satellites in ESTs of some cereal species. Cell Mol BioI Lett 2002; 
7: 53 7-546 

Venter J.C., Adams M.D., Sutton G.G., Kerlavage AR, Smith B.O., Hunkapiller M. Shotgun 
sequencing of the human genome. Science 1 998; 280: 1540-1 542 

Vicient C.M., Suoniemi A, Anamthawat-J6nsson K, Tanskanen J., Beharav A., Nevo E., 
Schulman A.H. Retrotransposon BARE- l and its role in genome evolution in the genus 
Hordeum. Plant Cell 1 999b; 1 1 :  1 769- 1 784 

Walbot V. Saturation mutagenesis using maize transposons. Curr Opin Plant BioI 2000; 3 :  
1 03-107 

Wang Z.X., Yano M., Yamanouchi U., Iwamoto M., Monna L., Hayasaka H., Katayose Y., 
Sasaki T. The Pib gene for rice blast resistance belongs to the nucleotide binding'and 
leucine-rich repeat class of plant disease resistance genes. Plant Jour 1 999; 19:  55-64 

Waugh R, Dear P.H., Powell W., Machray G.C. Physical education - new technologies for 
mapping plant genomes. Trends Plant Sci 2002; 7:52 1-523 

Wei F., Gobelman-Wemer K, Morroll S.M., Kurth 1, Mao L., Wing R, Leister D., Schulze
Lefert P., Wise R.P. The MIa (powdery mildew) resistance cluster is associated with 
three NBS-LRR gene families and suppressed recombination' within a 240-kb DNA 
interval on chromosome 5S ( l HS) of barley. Genetics 1999; 153:  1 929-1 948 

Wicker T., Matthews D.E., Keller B. TREP: a database for Triticeae repetitive elements. 
Trends Plant Sci 2002; 7: 561-562 

Wise R.P. Disease resistance: what's brewing in barley genomics. Plant Disease 2000; 84: 
1 1 60- 1 170 

Wu J.Z., Maehara T.,  Shimokawa T., Yamamoto S., Harada C.,  Takazaki Y., Ono N., Mukai 
Y., Koike K., Yazaki J., et al. A comprehensive rice transcript map containing 6591 
expressed sequence tag sites. Plant Cell 2002; 14: 525-535 

Yahiaoui N., Srichumpa P., Dudler R, Keller B. Genome analysis at different ploidy levels 
allows cloning of the powdery mildew resistance gene Pm3b from hexaploid wheat. 
Plant Jour 2003; in press 

Yano M. Genetic and molecular dissection of naturally occurring variation. Curr Opin Plant 
BioI 200 1 ;  4: 1 30- 135 

Yano M., Katayose Y.,  Ashikari M., Yamanouchi n, Monna L.,  Fuse T., Baba T., Yamamoto 
K, Umehara Y., Nagamura Y., et al. Hdl, a major photoperiod sensitivity quantitative 
trait locus in rice, is closely related to the Arabidopsis flowering time gene 
CONSTANS. Plant Cell 2000; 12: 2473-2483 

Yim Y., Davis G., Durn N., Musket T., Linton E., Messing J., McMullen M., Soderlund C., 
Polacco M., Gardiner 1, et al. Characterization of three maize bacterial artificial 
chromosome libraries toward anchoring of the physical map to the genetic map using 
high-density bacterial artificial chromosome filter hybridization. Plant Physiol 2002; 
130:1 686-1696 

Yoshimura S., Yamanouchi U., Katayose Y., Toki S., Wang Z.-X, Kono 1., Kurata N., Yano 
M., Iwata N., Sasaki T. Expression of Xal, a bacterial blight-resistance gene in rice, is 
induced by bacterial inoculation. Proc Nat! Acad Sci USA 1 998; 95: 1 663-1668 

Yu J., Hu S., Wang J., Wang G., Li S.G., Wong KS.G., Liu B.,  Deng Y., Dai L., Zhou Y., 
Zhang X, et al. A draft sequence of the rice genome (Oryza sativa L. ssp!. indica). 
Science 2002; 296:79-92 

Zhu T., Budworth P., Chen W., Provart N., Chang H.-S., Guimil S., Su W., Estes B., Zou G., 
Wang X Transcriptional control of nutrient partitioning during rice grain filling. Plant 
Biotech Jour 2003; 1 :  59 - 63 

Zhu Z.G., Fu Y.P., Xiao B., Hu G.C., Si H.M., Yu Y.H., Sun Z.H. AciDs transposition 
activity in transgenic rice population and DNA flanking sequence of Ds insertion sites. 
Acta Bot Sin 2003; 45 : 102-107 


