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Introduction

The last decade has witnessed remarkable change which has taken plant
biotechnology from study of basic science to large scale commercial applications.
This is true for almost every aspect of plant biotechnology such as development of
molecular markers to speed up plant breeding practices and using knowledge of
genes and their expression to generate and commercialize transgenic crops. In general,
the role of biotechnology in crop improvement can be divided into two categories:

1. Those directed towards same goals as conventional plant breeding like
improved yield, quality, resistance to pests and diseases, tolerance to abiotic
stresses etc by molecular breeding or production of transgenic crops.

2. Novel applications such as use of plants as bioreactors to generate
pharmaceuticals, vaccines or biodegradable plastics.

* Corresponding Author. E-mail: tugandharbiotech@gmail.com
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A) Molecular Breeding

By 2025, the global population will exceed seven billion. In the interim per-
capita availability of arable land and irrigation water will decrease from year to year
as bioticand abiotic stresses increase. Food security, best defined as economic, physical
and social access to a balanced diet and safe drinking water will be threatened, with
a holistic approach to nutritional and nonnutritional factors needed to achieve success
in the eradication of hunger. Science and technology can play a very important role
in stimulating and sustaining an Evergreen Revolution leading to long-term increases
in productivity without any associated ecological harm (Borlaug, 2001; Swaminathan,
2007). The objectives of the plant breeder can be realized through conventional
breeding integrated with various biotechnology developments (Damude and Kinney,
2008; Xu et al., 2009c¢).

Plant breeding can be defined as an evolving science and technology (Figure
5.1). It has gradually been evolving from art to science over the last 10,000 years,
starting as an ancient art to the present molecular design-based science. Plant breeding
is becoming quicker, easier, more effective and more efficient (Phillips, 2006). Plant
breeders will be well equipped with innovative approaches to identify and/or create
genetic variation, to define the genetic feature of the genes related to the variation
(position, function and relationship with other genes and environments), to
understand the structure of breeding populations, to recombine novel alleles or allele
combinations into specific cultivars or hybrids, and to select the best individuals
with desirable genetic features which enable them to adapt to a wide range of
environments. Sequencing data for many plants is now readily available and the
Gene Bank database is doubling every 15 months. Over 20 plant species including
many important crops are in the process of being sequenced (Phillips, 2008). The next
challenge is to determine the function of every gene and eventually how genes interact
to form the basis of complex traits. Fortunately, DNA chips and other technologies
are being developed to study the expression of multiple or even all genes
simultaneously. High throughput robotics and bioinformatics tools will play an
essential role in this endeavor.

New information about our crop species is expanding our capabilities to use
molecular genetics. For example, we did not previously realize how similar broadly
related species are in terms of their gene content and gene order. Since these species
cannot usually be crossed, there was no means of assessing their relatedness. With
the advent of DNA-based molecular markers, the extensive genetic mapping of
chromosomes became readily possible for a variety of species. We learned that the
genomes were highly similar and that this similarity allowed the prediction of gene
locations among species. For example, rice has become the model or reference species
for the cereals as many of the gene sequences on the rice chromosomes are shared
with other cereals such as maize, sorghum, sugarcane, millet, oats, wheat and barley
(Xuet al., 2005). Knowing the complete DNA sequence of a model or reference genome
allows genes/traits from this model to be tracked to other genomes. We have come to
realize that the differences between species of plants are not due to novel genes, but to
novel allelic specifications and interactions (Figures 5.1 and 5.2).
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Art-based Plant Breeding

|

Collection of wild plants for food

|

Selection of wild plants for cultivation
(starting from 10,000 years ago)

|

Large-scale breeding activities supported by commercial seed production enterprises

|

Hybridization combined with selection

|

Evolution through natural selection
(1700s-1800s)

|

Mendelian genetics

|

Quantitative genetics

|

Mutation

|

Polyploidy

|

Tissue culture
(1900s)

|

Gene cloning and direct transfer

|

Genomics-assisted breeding

|

Molecular Plant Breeding
(2000s and beyond)

Figure 5.1: The Steps of Evolution of ‘Plant Breeding’. With the availability of more
sophisticated tools, the art of plant breeding became science-based technology, molecular
plant breeding.
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Figure 5.2: Future Molecular Breeding Strategies.

Molecular Breeding and Marker-Assisted Selection

The process of developing new crop varieties can take almost 25 years. Now,
however, biotechnology has considerably shortened the time to 7-10 years for new
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