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PREFACE
Plant science is one of the fundamental subjects to begin with.

Biotechnology has given it a force to get modified into an applied field known as
plant biotechnology. Plant tissue culture is widely used for direct commercial
applications as well as value in basic research into cell biology, genetics and
biochemistry. Metabolic engineering of plants promises to create new
opportunities in agriculture, environmental applications, production of chemicals
and even medicine. Therefore, molecular techniques encompassing the use of
plants are being focused for the generation of new promising applications in this
era. The main aim of this book is to provide students and researchers about the
importance and opportunities available in plant biotechnology.

Plant biotechnology now allows the transfer of a greater variety of genetic
information in a more precise and controlled way. The potential for improving
plant productivity and its proper use in agriculture relies largely on newly
developed molecular markers. A number of methods have been developed and
validated in association with the use of genetically transferred cultures in order to
understand the genetics of specific plant traits. Such relevant methods can be
used to determine the markers that are retained in genetically manipulated
organisms and to determine the elimination of marker genes. These techniques
enable the selection of successful genotypes, better isolation and cloning of
favourable traits, and the creation of transgenic organisms of importance to
agriculture and industry.

The book describes the basic aspects of plant biotechnology and IPR. The
impact of biotechnology on crop improvement is introduced with the help of
suitable examples. The book format is designed in order to help the reader to
grasp and understand the complexity of plant biotechnology.

The aim of this book is to serve as a comprehensive plant biotechnology
textbook as well as a wide-ranging reference book and impart high value to
advanced undergraduate and graduate students, and research scholars. The
authors thank all those who have contributed significantly in constructing
different aspects of this book.
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Mapping Populations and their
Applications

Chapter1

Crop improvement deals with employing diverse seeds/plants collections, of different
agronomic features, to recognize new genes and gene combinations. This progression can be
introduced into crops, using conventional breeding techniques. Traditionally, plant breeding
procedures are focused basically on phenotypic selection of the crop, where the best plants would
be kept and used for subsequent crosses (Xu and Zhu, 1994). However, Modern day agricultural
practices do adopt different molecular approaches in coordination with the breeding
understandings. That is, plants can be selected based on their DNA profiles involving expression
patterns. This can be targeted by using genetic markers which indicate small differences in the
DNA sequence between individuals which is called as polymorphisms. Such modern day
practices enhance the breeding process with more accuracy irrespective of fluctuation in
environmental conditions.

A population that is suitable for linkage mapping of genetic markers is known as mapping
population. Mapping populations are generated by crossing two or more genetically diverse lines
and handling the progency in a definite fashion. Generally, the parents used for hybridization will
be from the same species. Plant mapping populations are mostly used in typically produced using
F1 lines that are derived from two parents that show differing phenotypes for a trait of interest;
for example, a chickpea line that displays fast maturity and a line that is time-consuming than
other chickpea lines.

Parent 1 × Parent 2 ----- F1 progeny

A segregating F2 population is formed from the F1 individuals either by randomly crossing
these individuals or allowing them to self.

F1 -------- F2

The F1 individuals will be heterozygous as these lines are also used to produce doubled
haploid lines (DH lines) using microspore culture. The subsequent progeny trials allow better
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estimates of within and between line variations and furthermore, they can be produced in a
relatively short period of time as opposed to conventional breeding.

Once a particular line or lines have been selected based on the presence of a favorable
genotype linked to a trait of interest like an early maturity chickpea line, such line also called a
donor parent can be backcrossed to the poor recurrent parent to produce a backcross (BC1)
generation (Kooke et al, 2012). Subsequent rounds of backcrossing to the poor parent in
combination with the use of genetic markers allows selection of only lines containing the
favorable genotype. The resulting progeny are called Advanced Backcross lines (AB lines) or
Backcross Inbred Lines (BILs). Theses developed lines will now acquire homozygous traits and
heterozygosity will be removed to a great extent. Such lines are mostly employed in genome
mapping where the difference of single/double gene by exists.

The features that are associated with genetic variation or polymorphisms can be determined
by genetic mapping. Genetic maps are constructed using molecular markers can also be used to
locate major genes. This further can be used as genetic marker for trait of interest. Genetic
markers are dispersed over plants, genome are sorted within a mapping population of plant
individuals, for whom phenotype data are available. If a marker is in close physical linkage with a
QTL then it will be in linkage disequilibrium within the mapping population, generating a
statistically significant association between the marker genotype and trait variation. Briefly
different types of mapping population are discussed to tap QTL analysis which was been
reviewed by Slate, (2005) as under;

Inbred Line Crosses
The simplest and most efficient way to detect QTL is by using inbred line crosses. By

crossing two inbred parental lines, populations or species, the progeny will exhibit a fixed
difference between every marker and trait locus. Thus, all linked loci in the progeny (F1
generation) are in linkage disequilibrium. These F1 progeny are in turn used to create a mapping
population. The two most commonly employed mapping populations are the F2 design (whereby
F1 individuals are interbred) and the backcross design (whereby F1 individuals are mated to one
of the parental populations). The major advantage of the F2 design over the backcross (BC) is that
three genotypes are present at every marker (and QTL) in the mapping population. BC
populations only have two possible genotypes at a locus. Thus, the F2 design enables estimation
of dominant components of a QTL but the backcross design does not.

Outbred Populations

The use of inbred line crosses to detect QTL in natural populations is unlikely to provide an
accurate description of the genetic architecture of the focal trait in the parental lines in their
natural environment. Furthermore, the creation of specific mapping populations may be
logistically impossible in some species. Thus, it is sometimes desirable to conduct mapping
experiments on outbred populations. This is a difficult, although a possible task. Broadly speaking,
outbred populations can be mapped using either sib ships (half-sibs or full-sibs) or using general
pedigrees spanning several generations.
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Natural Population

A natural population in which the individuals used in a mapping study are descended from
recently sampled individuals of a non-domesticated organism. The definition of natural
population can further be categorized as those in which the mapping population is created by the
experimenter (e.g., by crossing two individuals from different populations/ecotypes/species) and
those where an un-manipulated pedigree is used. A further distinction between mapping
populations is between those in which the population is reared in a laboratory/glasshouse
environment and those in which phenotype values are measured in the wild. It is important to
make the distinction between the different types of mapping population.

Two populations of breeding stock with desired characteristics are subjected to inbreeding
until the homozygosity of the population exceeds a certain level, usually 90% or more. Typically
this requires more than ten generations. Thereafter the two strains must be crossed, while
avoiding self-fertilization. Normally, this is done with plants by deactivating or removing male
flowers from one population, taking advantage of time differences between male and female
flowering or hand-pollinating.

Choice of Mapping Population Types

There are various types of populations that can be used for genetic mapping. This may be
derived from two or multiple parents depending upon the purpose and nature of breeding lines.
Their use in genetic mapping studies is discussed below;

F 2 Populations

The offspring produced by the mating of two members of the F1 generation or, broadly, by
the crossing of any two heterozygous strains (Sollar and Beckmann, 1990). In other words, the
generation produced by interbreeding individuals of an F1 generation and consisting of
individuals that exhibit the result of recombination and segregation of genes controlling traits for
which stocks of the P1 generation differ—called second filial generation (F2) as articulated below,

These set of populations are used most frequently in linkage mapping because they are easy
to develop. At each marker locus, however, 50% of the individuals in an F2 population are
heterozygous. For dominant markers, dominant homozygotes cannot be distinguished from the
heterozygotes and the accuracy of mapping is therefore reduced. In order to improve the accuracy,
more F2 individuals will be needed unless co-dominant markers can be used. Another
disadvantage of F2 populations is that their genetic constitution will change during sexual
reproduction hence their genetic structure is difficult to maintain. Using bulked DNA from F3
families, which are derived from F2 individuals, is an alternative approach to prolong the life of a
population in some crops such as rice and maize. One F2 plant produces a large number of seeds
which are sufficient for multiple plantings.
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Fig. 1.1: F2 Population

Backcross Populations

These types of population are also frequently used in genetic mapping studies. BC1
populations have only two genotypes at each marker locus which represent the corresponding
gametes produced in the F1 hybrid, an advantage over F2 populations. Like F2 populations, the
genetic constitution of BC populations will change with selfing and they need to be conserved in
the same way as F2 populations. For many crop species, false hybrids may pose a problem which
contributes to the inaccuracy of genetic mapping. When distant crosses are used, backcross
populations are the only population that can be developed because of high sterility among the F1
hybrids.

Permanent Populations

This kind of mapping materials includes such as double haploid (DHs), recombinant inbred
lines (RILs) and backcross inbred lines (BILs). Many types of populations are currently being
used in genetic studies and plant breeding. The properties of a population depends on how it is
developed and which parents are involved. Double haploids (DHs), recombinant inbred lines
(RILs) and near-isogenic lines (NILs) are three important types of population that have a long
history of applications in plant breeding and has most widely been used in genetic mapping, gene
discovery and genomics-assisted breeding since the innovation of DNA-based markers.

Double Haploid Lines
A double haploid is a genotype formed when haploid cells

undergo chromosome doubling. In another words, an
individual with the doubled chromosome number of the
haploid. A doubled haploid has two sets of chromosomes
identical to the haploid and can form pollen and egg cells like
a diploid plant, whereas, a haploid is rarely able to produce
pollen for self-fertilization. Diagrammatically it is shown on
the right. They are developed due to chromosome haploids
double ensuing the development of completely homozygous
individuals from a heterozygous F1 parent. Fig. 1.2: Double Haploid

outcross Haploid or
double haploid

F1
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Commonly, DHLs production involves culturing anthers or microspores from the F1 plants
followed by chromosome doubling either spontaneously or by colchicine treatment leading to the
development of completely homozygous double haploid lines (Forester and Thomas, 2004).
Double haploids are immortal reference populations for mapping and phenotypic evaluation and
hence they can be propagated and evaluated under different environmental conditions. However,
double haploids have some disadvantages including difficulty in development, genotype
dependence and possible low vigor of the regenerated plants.

Recombinant Inbred Lines (RILs)
A recombinant inbred strain alternatively also called as a recombinant inbred line, is a

genotype with chromosomes that incorporate an essentially permanent set of recombination
events between chromosomes inherited from two or more inbred strains. F1 and F2 generations
are produced by intercrossing the inbred strains; pairs of the F2 progeny are then mated to
establish inbred strains through long-term inbreeding (Robert et al., 2001). Schematically, it is
described as under;

Recombinant inbred lines or random inbred lines
(RILs) are usually a part of the ultimate products of many
breeding programmes and are also used as genetic materials.
They can be produced by employing various inbreeding
procedures. RILs result from continuous inbreeding such as
selfing or sib mating starting of parents from an F2
population until homozygosity is reached. There are two
genetic responses to inbreeding, gene recombination and
genotype homogenization. Starting from a heterozygote at a
locus A-a, for example, selfing will produce three
genotypes, AA, Aa and aa.

With continuous selfing, two homozygotes, AA and aa, will not segregate, while the heterozygote
Aa will continue to segregate producing the three genotypes. However, the proportion of
heterozygotes in the population will decrease with continuous selfing and will approach zero
(Forster et al., 2007; Bal and Abak, 2007).

Near-isogenic Lines (NILs)
Genes responsible for phenotypic traits can be mapped to genetic chromosomes by analysing

near-isogenic lines. To create a near-isogenic line, a genotype having the phenotype of interest,
often a plant is crossed with a standard line of the same plant (Keurentjes et al., 2007). The F1
generation is selfed to produce the F2 generation. F2 individuals with the target trait are selected
for crossing with the standard line (the recurrent parent). This process is repeated for many
generations. The genetic make-ups of sister lines can be compared. Alleles derived from the
donor parents that are found in all sister lines are said to be associated with the trait.
Schematically it is presented as under,

Strain 1 Strain 2

Fig. 1.3: Recombinant Inbred
Lines and Random Combination

of Parental Genomes

SELFING
10-20

generations

Recombinant inbred lines random
combination of parental genomes

F1

F2



6 Recent Advances in Plant Molecular Biology

Fig. 1.4: Near-isogenic Lines (NILs)

Near-isogenic lines (NILs) derived from inbreeding is the product of successive backcrossing.
Backcrossing is a hybridization method by which the hybrid is crossed back to one of its parental
lines. The hybrid could be of any generation although usually it starts with F1. The final product
of continuous backcrossing will be a backcross inbred line (BIL) with almost identical genome to
the RP except for the target trait/locus. The final BILs are produced by one or more generations of
selfing following the final backcross. A set of BILs can be produced simultaneously by producing
BILs for different target traits/genes/chromosome regions using the same recurrent parent. When
the allele for the target trait is recessive, the plants used for backcrossing can also be selfed. The
same plants are selfed and backcrossed and their progeny can be planted side by side and
compared to find which of the plants used for backcrossing contain the target allele based on the
phenotype of the selfed progeny. If the selfed progeny is segregating for the target trait, the
backcross progeny from the same plant can be used for further backcrossing. If the selfed progeny
is not segregating for the target trait, the corresponding progeny from the backcross should be
excluded from further backcrossing. That’s why BILs derived from repeated backcrosses are
frequently called NILs. NILs have been successfully used in gene tagging for almost all crop
species with available molecular marker systems and NILs.

Usefulness of Mapping Populations

Genetic Linkage Mapping

To make use of genetic information provided by molecular markers precisely, it becomes
important to know the locations and relative positions of molecular markers on chromosomes,
mapping populations assist in doing so. The construction of genetic linkage maps using molecular
markers is based on the same principles. The recombination frequency between two linked
genetic markers can be defined in units of genetic distance known as centi-Morgans (cM) or map
units. If two markers are found to be separated in one of 100 progeny, those two markers are 1
cM apart. However, 1 cM does not always correspond to the same length of physical distance or
the same amount of DNA. The amount of DNA per cM is referred to as the physical to genetic

Donor
parent

Reference
parent

Repeated
back-
crosses to
reference
parent

NIL panel tiling
the genome QTL location

NIL trait difference
from reference
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distance. Areas in the genome where recombination is frequent are known as recombination hot
spots; there is relatively little DNA per cM in these hot spots and it can be as low as 200 kb/cM.

DNA Polymorphisms

DNA polymorphisms detect variations at DNA levels in genotypes that are subjected to
analysis. Genetic polymorphism between parental line depends usually on how closely related
they are which can be determined by criteria such as geographical distribution, morphological and
isozyme polymorphisms. In general, DNA polymorphism is greater in open pollinated species
than in self-pollinated species. Genetic polymorphism is very low in tomato so that only inter
specific populations are sufficiently polymorphic to permit RFLP mapping. In plant breeding,
many novel traits have been transferred from wild species to cultivated species and such wild
cultivated crosses usually show high levels of DNA polymorphisms. For this purpose several
populations are needed to get genetic polymorphisms/tagging of genes that cannot be found in
one heterozygous population.

Gene Tagging and Mapping

Gene tagging studies can only be carried out by employing mapping populations. DNA
markers play an important role in linkage studies and in identification, tagging, and cloning of
desirable genes. A genetic map represents the relative order of genetic markers and their relative
distances from one another, along with each chromosome of an organism. Distance between two
markers is estimated by determining the percent recombination. Markers showing either small per
cent of recombination or no recombination is said to be linked. The first molecular marker based
linkage map in plants was reported in maize (Helentjaris, 1987) followed by rice (McCouch et al.,
1988), Arabidopsis (Nam et al., 1989) using RFLP. A large number of markers, developed with
different techniques are used to build a genetic map. Once mapped, these markers are then used to
tag several desirable traits. STMS marker (AT) has been found to be linked to a gene for
resistance soybean mosaic virus at a distance of 0.5cM (Yu et al., 1994). It is possible to find a
linked marker that has not been mapped, using bulk segregant analysis, i.e., BSA (Liu et al.,
2000).

Marker-assisted Selection

Mapping populations are essential for marker-assisted selection (MAS), which is an
important application of DNA markers in plant breeding. It plays an important role in breeding of
disease and pest resistance cultivars of interest. DNA markers tightly linked to resistance genes
help in selection of individuals carrying these genes, without subjecting them to pathogen attack.
MAS can be performed at early stages of plant growth and it can be done many times in a year.

With MAS, it is also possible to follow segregation of a new resistance gene in existing one.
Thus, it makes selection of individuals carrying resistant genes from different sources possible
and thus increase the durability of resistance. Marker facilitated pyramiding of powdery mildew
resistant genes into locally adapted wheat genotype was reported. DNA markers linked to pest
and disease resistant genes have been found in number of crops like wheat and maize (Eastwood
et al., 1994; Zaitlin et al., 1993).
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QTL Analysis

Majority of the agriculturally important characters like yield and quality are multigenic. In
these quantitative traits, the progeny shows continuous range of phenotypes between the parental
phenotypes. This is the result of independent action of many discrete QTLs, each having a small
effect on the overall phenotype. These complex traits can be resolved into discrete QTLs using
DNA markers. A given QTL can be handled as a single Mendelian factor using substitution lines
or near-isogenic lines for a given chromosomal segment. Screening a segregating population for
association of marker with the desirable character identifies linkage of DNA marker to QTL. In
barley, QTLs controlling flowering time have been mapped using RFLP markers (Michelmore,
1991; Laurie et al., 1995).

Glossary
 Allele: It is the term used to describe one of two or more forms of a gene

 Diploid:When there are two copies of each chromosome within each cell

 Diversity collection: A diversity fixed foundation set (DFFS) represents an informative
set of genetically fixed lines representing a structured sampling of diversity across a
gene pool

 Double haploid:When a haploid genotype undergoes chromosome doubling to produce
homozygous lines in one generation. Double haploid plants are particularly useful for
trait analysis since they are homozygous at all loci with reduced heterogeneity within
lines

 F2 generation: It is the result of a cross between two F1 individuals (from F1
generation)

 Haploid: It refers to one copy of each chromosome within a cell

 Heterozygous: Describes the situation when different alleles exist at a given locus

 Homozygous: Express the situation when the same alleles exist at a locus

 Linkage map: When all the members of the population have been scored (genotyped)
with a set of molecular markers, the data can be used to make a linkage map. The
linkage map describes the linear order of markers within linkage groups

 Locus: The location of a gene on a chromosome (plural = loci)

 Phenotype: The phenotype of a plant is a term used to describe observable
characteristics, such as height, biomass, leaf shape and so on

 QTL: Quantitative trait loci or locus. It describes the positions in the genome
statistically associated with a particular trait, in combination, that contributes towards
the observed variation for a particular phenotype associated with a trait. Usually several
genes are involved in the process

 Recurrent parent: The adapted cultivar used in a cross

 Trait: The word trait is used to describe a particular characteristic of a plant. It is
usually applied to a defined characteristic that we wish to quantify. For example, the
rate of post-harvest head - yellowing in broccoli heads harvested from a population.
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