Preface

In genetics, a molecular marker (identified as genetic marker) is a
fragment of DNA that is associated with a certain location within the
genome. Molecular markers are used in molecular biology and
biotechnology to identify a particular sequence of DNA in a pool of
unknown DNA. A genetic marker is a gene or DNA sequence with a
known location on a chromosome that can be used to identify individuals
or species, It can be described as a variation (which may arise due to
mutation or alteration in the genomic loci) that can be observed. A
genetic marker may be a short DNA sequence, such as a sequence
surrounding a single base-pair change (single nucleotide polymorphism,
SNP), or a long one, like minisatellites. Considerable developments in
biotechnology have led breeders of plants and animals to develop more :
efficient selection systems to replace traditional phenotype-based
selection systems.

Marker assisted selection (MAS) is an indirect selection process
where a trait of interest is selected, not based on the trait itself, but on
a marker linked to it. For example, if MAS is being used to select
individuals with disease resistance, the level of disease resistance 1s
not quantified but rather a marker allele that is linked with disease
resistance is used. The assumption is that the marker used for selection
associates at high frequency with the gene or quantitative trait locus
(QTL) of interest, due to genetic linkage (close proximity, on the
chromosome, of the marker locus and the disease resistance-
determining locus). MAS can be very useful to efficiently select for
traits that are difficult or expensive to measure, exhibit low heritahility,
and are expressed late in development. However, it is usually essential
to confirm at certain points in the breeding process that the selected
individuals or their progeny do in fact express the desired phenotype
or trait. The gene of interest directly causes production of protein(s) or
RNA that produce a desired trait or phenotype, whereas markers (a
DNA sequence or the morphological or biochemical markers produced
due to that DNA) are genetically linked to the gene of interest. The




(i)

gene of interest and the marker tend to move together during
segregation of gametes due to their proximity on the same chromosome
and concomitant reduction in recomhination (chromosome crossover
events) between the marker and gene of interest. For some traits, the.
gene of interest has been discovered and the presence of desirable alleles
can be directly assayed with a high level of confidence. However, if the
gene of interest is not known, markers linked to the gene of interest
can still be used to select for individuals with desirable alleles of the
gene of interest. When markers are used there may be some inaccurate
results due to inaccurate tests for the marker, There also can be false
positive results when markers are used, due to recombination between
the marker of interest and gene {or QTL). A perfect marker would
elicit no false positive results. The term ‘perfect marker’ is sometimes
used when tests are performed to detect a SNP or other DNA
polymorphism in the gene of interest, if that SNP or other polymorphism
is the direct cause of the trait of interest. The term ‘marker’ is still
appropriate to use when directly assaying the gene of interest, because
the test of genotype is an indirect test of the trait or phenotype of
interest. The process of developing new crop varieties can take almost
25 years. Now, however, biotechnology has considerably shortened the
time to 7-10 vears for new crop varieties to be brought to the market.
One of the tools which can make it easier and faster for scientists tq
select plant traits is marker-assisted selection (MAS). The differences
that distinguish one plant from another are encoded in the plant's
genetic material, the DNA. DNA is packaged in chromosome pairs
(strands of genetic material), one coming from each parent. The genes,
which control a plant’s characteristics, are located on specific segments
of each chromosome. Together, all of a plant’s genes make up its genome.
Some traits, like flower colour, may be controlled by only one gene.
Other more complex characteristics, however, like crop yield or starch
content, may be influenced by many genes. Traditionally, plant breeders
have selected plants based on their visible or measurable traits, called
the phenotype. This process can be difficult, slow, influenced by the
environment, and costly — not only in the development itself, but also
for the economy, as farmers suffer crop losses.

This book serves not only as a textbook for students, teachers,
researchers and Industries alike in plant tissue culture and
biotechnology, but for general reference.
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