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Abstract

Hierarchical analysis highlights the nature of relationship between and among
type samples as outlined by standard descriptors. It produces an output called
dendrogram, which depicts the hierarchical structure of genetic interaction in
clusters/groups. Genetic diversity is the variation of heritable characteristics in a
population. It results from one or more of the following; evolution, mutation,
migration, domestication, plant breeding and selection. Knowledge about genetic
diversity and relationships among plants may be an invaluable aid in plant
breeding and classification. The analyses of genetic diversity rely on pedigree,
morphological, biochemical and most recently molecular (DNA-based) data
through PCR or non-PCR techniques. For accurate and unbiased assessment of
genetic diversity, adequate attention has to be devoted to: sampling strategies,
choice of genetic distance as well as judicious combination of analytical
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techniques and statistical tools. A critical distinction in ways of analyzing genetic
diversity in plant lies in the data used for analysis. Based on the data type, the
hierarchy may be expressed with; phenogram, cladogram or phylogram, which
are forms of dendrogram. The resulting dendrogram is often used to predict if a
population is genetically diverse or homogenous.

Keywords: Genetic diversity, Hierarchical approach, Plant, Clustering,
Descriptive Characters, Markers

*For correspondences and reprints
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1. INTRODUCTION

Hierarchical analysis highlights the nature of relationship between any types of
samples as outlined by standard descriptors and it usually produce a graphical
output known as dendrogram that shows this hierarchical clustering structure
(Holland, 2006). Study of genetic diversity is the process by which variation
among individuals or groups of individuals or populations is analyzed by a
specific method or a combination of methods (Mohammadi & Prasanna, 2003).
These data often involve numerical measurement and in many cases,
combinations of different types of variables. Diverse data sets have been used by
researchers to analyze genetic diversity in crop plants, most important among
such data sets are pedigree data (Bernardo, 1993; Messmer et al, 1993; Van
Hintum and Haalman, 1994), passport data-morphological data (Smith and
Smith, 1992; Bar-Hen et al., 1995), biochemical data obtained by analysis of
isozymes (Hamrick & Godt, 1997) and storage proteins (Smith et al., 1987) and
recently, DNA-based marker data that allow more reliable differentiation of
genotypes. Since each of these data sets provide different types of information,
the choice of analytical method(s) depends on the objective(s) of the experiment,
the level of resolution required, the resources and technological infrastructure
available, and the operational and time constraints, if any (Karp et al., 1997).

Genetic diversity is not randomly distributed over plant populations. As a result
of processes in natural evolution, domestication, modern plant breeding,
mutation, migration and selection, genetic diversity has a structure that can
generally be summarized in a hierarchical model or a tree. Hierarchical methods
are particularly useful in that they are not limited to a pre-determined number of
clusters and can display similarity of samples across a wide range of scale
(Holland, 2006). The selection of accessions for a core collection is based on the
structure of the genetic diversity to be represented by that core collection. To
describe the structure, a genetic diversity tree can be constructed by branching
(based on a knowledge of natural evolution, domestication, distribution and
utilization) or by clustering (based on a phonetic analysis of individual
accessions). For clustering, data obtained as close to the DNA as possible should
be used [that is, Restriction Fragment Length Polymorphism (RFLP)]. If a
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diversity tree is available, a core collection can be selected by deciding on the
number of accessions per sample and subsequently, choosing accessions with
maximal diversity within each group (van Hintum, 1995).

The objective of this paper therefore is to outline approaches or models which
may be employed to classify plants into hierarchies upon analysis of their genetic
diversity. To improve on crop breeding programs and to facilitate reliable
classification of accessions and identification of subsets of core accessions with
possible utility for specific breeding purposes. To review the molecular
techniques of genetic variability and their application to plant sciences.

2. GENETIC DIVERSITY IN PLANTS

Biological diversity thus refers to the range of differencies among set of entities;
within the living world, and includes all living organisms both individuals and
their relationship with one another (Emma-Okafor et al., 2009). This may be
discussed from three levels: genetic diversity, species diversity and ecosystem
diversity (Ramanatha & Hodgkin, 2002).

Genetic diversity is the variation of heritable characteristics present in a
population of the same species (Swingland, 2001). The result of genetic
differences may manifest as differences in DNA sequence, biochemical
characteristics (e.g in protein structure or isoenzyme properties), physiological
properties (e.g abiotic stress resistance or growth rate) and/or morphological
characters such as flower colour or plant form and function. In line with
Ramanatha & Hodgkin, (2002) and van Hintum, (1995) genetic diversity are
usually highlighted through; the number of different forms (alleles), their
distribution(genotype), the effect on their performance (phenotype) and the
overall sum of genome.

Ecosystem diversity refers to the variety of habitats, living communities, and
ecological processes in the living world (Swingland, 2001). Each ecosystem
provides different kinds of habitats (niche), both living and non-living
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environments interact constantly and in complex ways that may change over
time. No two ecosystems are the same in composition and diversity. Its diversity
is determined by the types of plants, animals and microorganisms, as well as by
the physical characteristics (e.g. substrates, light, nutrients, e.t.c.) and the
interactions (e.g. predators-prey relationships).

Species diversity is a measure of the diversity within population that incorporates
both species richness and their evenness. Species diversity is influenced by
species richness (Swingland, 2001). Communities with more species are
considered to be more diverse. Evenness measure the variation in the abundance
of individual per species within a community. Communities with less variation in
the relative abundance of species are considered to be more even than a
community with more variation in relative abundance. These components of
species diversity respond differently to various environmental conditions. The
species level is generally regarded as the most natural one at which to consider
whole-organism diversity (Swingland, 2001). The ecological importance of
species can have a direct effect on community structure, and thus on over-all
biological diversity.

Even though genetic diversity is at the lowest hierarchy, without genetic
diversity, a population cannot evolve and adapt to environmental changes
(Paulauskas et. al., 2013). The genetic diversity has an impact on the higher
levels of biodiversity (Templeton 1991, 1993). Genetic biodiversity finds its
natural resources in wild species for which it is important to find out the amount
of genetic variability by the way of morphological, biochemical and molecular
markers, besides some interesting physiological turns. Genetic diversity is the
basis for survival and adaption and makes it possible to continue and advance the
adaptation processes on which evolutionary success and to some extent human
survival depends.It is generally accepted that the genetic variation in plant
populations is structured in space and time (Loveless and Hamrick, 1984).
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Plate 1: Genetic Diversity as exhibited by seed colours in African Yam Bean
(Sphenostylis

stenocarpa)

held

in

IITA seed

bank,

Ibadan

Nigeria.

Photo credit: Aiwansoba, R. O

SOME CAUSES OF GENETIC DIVERSITY

Genetic diversity is affected by several ongoing processes both natural and
artificial. These processes include one or more of the following;

Evolution: Evolution is a population phenomenon. It is concerned with the
effect of changes in the frequency of alleles within a gene pool of a population,
such changes leading to changes in genetic diversity and ability of the population
to undergo evolutionary divergence (Acquaah, 2007). Evolutionary divergence
resulted in association of characters that makes it possible to distinguish welldefined groups. Often, it will be possible to divide the genetic diversity in such a
group into new or smaller groups on the same basis (van Hintum, 1995). This
principle of subsequent divisions implies that species diversity has a basically
hierarchical structure. Taxonomic nomenclature is based on this hierarchy. There
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are numerous natural factors, such as hybridization and clinical variation, which
can complicate the structure. In general, however, the hierarchical model will
suffice.

Domestication: Primitively, man selected the plant types that were better suited
for his needs in an unsystematic way with domestication as the first outcome of
this selection (Rauf et al., 2010). McCouch (2004) indicated that during the
process of domestication, selection of unusual phenotypes, such as large fruit or
seed size, intense colour, sweet flavor or pleasant aroma was carried out.
Domestication can be defined as the process by which genetic changes (or shifts)
in wild plants are brought about through a selection process imposed by humans.
It is an evolutionary process in which selection (both natural and artificial)
operates to change plants genetically, morphologically and physiologically
(Acquaah, 2007).

The second level of genetic differentiation results from infraspecific divergence
as a result of domestication. The processes causing genetic changes under
domestication are basically the same as those occurring under evolution in
nature, except that human selection, partly conscious, partly unconscious, is
added. The major difference, apart from being centered on human activity, is that
the rate of change under domestication is much higher than the relative slower
process under natural evolution (Pickersgill, 1984).

Domestication usually causes a reduction of genetic diversity compared with the
diversity of the species in the wild. Several reports are available regarding the
reduction of genetic diversity during domestication. Reif et al. (2005b) showed
that loss of genetic diversity occurred during wheat domestication. The loss of
genetic diversity occurred from wild species Triticum tauschii to the land races
and from land races to elite cultivars. Similarly, Haudry et al. (2007) also noted
that wheat genetic diversity was reduced in the cultivated form by 69% in bread
wheat and 8% in durum wheat during the process of domestication. Sonante et al.
(1994) also noted losses in genetic diversity during the process of domestication
in common beans (Phaesolus vulgaris). Loss of genetic diversity during
domestication has also been reported in other species (Hollingsworth et al.,
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2005). The extent to which the hierarchical structure applies to the genetic
diversity within a domesticated crop will generally be less n at the species level.
The association between characters within a crop species will generally be much
smaller than between species since the reproductive isolation at the species level
has occurred over a much longer period of time, resulting in a cleaner
delimitation of variation. However the association that exist in landraces, can like
species diversity,

Plant Breeding: Plant breeding is a technology that deals with the evolution of
crop varieties using the principles of various sciences and skills of the plant
breeder gained over the years. The pre green revolution era is marked by
nobalization of sugar cane, utilization of commercial Heterosis and development
of plant breeding and biometric techniques (Troyer, 1996). This resulted in the
evolution of crop varieties more uniform in yield and growth. A major leap in
yield was achieved on the onset of the green revolution era, specifically in the
Indian sub-continent. After the green revolution, the per capita availability of
cereals increased from 275 to 370kg (Ortiz, 1998). The green revolution was
achieved when dwarfing genes were exploited in plant species. The genes
characteristically reduced induced plant heights, induced early maturity,
increased harvest index (HI), stomatal conductance and defective plant growth
regulators (PGRs) such as auxins and gibberellins (Reynolds et al., 1999;
Salamni, 2003; Routray et al., 2007; Rauf and Sadaqat, 2008a). The induction of
dwarfing genes also helps to maintain high density populations and a double
cropping system (Neelu and Rajbir, 2009).

Some plant breeding techniques increase crop diversity (for example induced
mutations, hybridization between previously incompatible populations and
introgression from previously isolated populations) (van Hintum, 1995). Others
cause a reduction in diversity (Rauf et al., 2010). In many cases, intra specific
hybridization was found to lower the genetic diversity when it was attempted to
explore the transgressive segregation (Van Esbroeck & Bowman, 1998; Jordan et
al., 1998; Cui et al., 2000). Van Esbroech and Bowman (1998) concluded that
plant breeders have lowered the genetic diversity due to preference for the few
cultivars to be used as parents in the establishment of transgressive generation.
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Cui et al. (2000) showed that genetic diversity of Chinese soya bean (Glycine
max) was high due to careful selection of unrelated parents while constituting
transgressive segregation.

Mutation: Mutation is the origin of all new genetic diversity, occurring when
there are occasional errors in the replication of DNA or other elements of the
production and packaging of genetic information within the cells. Although it
implies something negative, mutations can have positive, neutral, or deleterious
impacts. Mutations occur rather slowly but continuously. Mutations at one level,
for example, in the nucleotides that are the basis of DNA, may not all be
expressed at other levels such as protein differences or observable changes in the
appearance of a plant. The rate of mutation is useful in determining evolutionary
relationships.

Migration: Migration is the movement of genetic diversity, usually within a
species. In plants, this occurs through pollen dispersal, seed dispersal, and
movement of vegetative propagules, such as suckers or rhizomes, in species that
can reproduce asexually. Migration, also called gene flow, occurs both with the
advancing front of a population when it is colonizing new areas, and when genes
of two or more populations mix through pollen and seed dispersal. The rate of
migration is obviously related to the frequency of reproduction and the distances
over which pollen and seeds typically disperse.

Selection: Selection is perhaps the best known of the processes affecting genetic
diversity and is the only process that directly results in populations becoming
better adapted to their environment. For natural selection to occur, there must be
differences in fitness and survival among individuals and a genetic basis for those
differences. Over time (generations), those individuals that are better suited to the
environment live, or live longer, and produce more offspring — those offspring
having inherited the more adaptive traits (or rather, have a higher frequency of
the alleles that confer better adaptation). The above processes also regulate
human interactions with plants which might reduce or increase genetic diversity.
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3. SAMPLING STRATEGIES AND GENETIC DISTANCE

SAMPLING STRATEGIES: Sampling is the selection of subset of individuals
from within a population. Genetic diversity in plants may be analyzed at different
levels, which range from one another due to nature of genetic materials viz;
individual genotypes such as inbred lines or pure lines or clones, populations,
germplasm accessions and species (David & George, 2005). According to David
& George, (2005) the sampling process for analyzing genetic diversity includes;

1. Defining the population of interest
2. Specifying a sampling frame
3. Specifying a sampling method
4. Determine the sample size
5. Implementing the sampling plan
6. Sampling and data collecting

These strategies may either be non-probabilistic or probabilistic. Probability
sampling is one in which every unit in the population has a chance of being
selected in the sample while non-probability sampling is any sampling method
where some elements of the population have no chance of selection. The tables
below summarize various class of sampling strategies;
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Table 1: Probability sampling approach
Method

Strategy for Selecting Sample

Simple random sampling

Every member of population being studied has
an equal chance of being selected.

Interval sampling

This method is used when a stream of
representative population are available.

Stratified sampling

In this method the population is divided into
non-overlapping groups and samples are taken
from within these groups.

Clustered sampling

This method is used when the population of
interest is large and widely geographically
dispersed. Clusters within the population are
randomly selected.

(Source: Adapted from David and George, 2005)

Table 2: Nonprobability sampling approach
Method

Strategy for Selecting Sample

Convenience sampling

Participants will be those that the researcher has
relatively easy access to.

Snowball sampling

Participants meeting the study requirements will
recommend others with the same characteristics.
The method is used when trying to access
difficult to reach population.

Quota sampling

Participants

are

non-randomly

selected

according to pre-defined fixed quota.
Typical case sampling

Participants are selected to be typical, normal or
average for a particular phenomenon

Theoretical sampling

Participants are selected on the basis of the
results of the data collected to date. The goal is
to develop a deeper understanding of the topic
and to develop theory.

(Source: Adapted from David and George, 2005)
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GENETIC DISTANCE

Genetic distance is a measure of the genetic divergence between species or
between populations within a species. Populations with many similar genes have
small genetic distances. This suggests that they are closely related and/or have a
recent common ancestor. Genetic distance is useful for reconstructing the history
of populations and is also useful in understanding the origin of biodiversity.
There are several different statistical measures that have been proposed. Most
commonly used distance measures are as follows;

1. Nei’s genetic distance (Nei, 1972)
2. Cavalli-Sforza chord measure (cavalli-Sforza and Edwards, 1967 )
3. Reynolds genetic distance (Reynolds weir and Cockerhan’s, 1983)

In all the formulae, X and Y represent two different populations for which L loci
have been studied. Let Xu represent the uth allele at the lth locus.
Neis genetic distance: The distance is expressed by multiple loci or the use of
arithmetic means across all loci and it can also be interpreted as a mean number
of codon substitutions per locus
= − ln
ℎ

=

∑
∑

∑

Where xi and yi are the frequencies of the ith allele in population x and y
Nei’s assume that;
•

All loci have same rate of neutral mutation

•

Mutation-genetic drift equilibrium

•

Stable effective population size

Cavalli-Sforza Chord Distance: Populations are conceptualised as existing as
points in m-dimensional Euclidean space which are specified by m allele
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frequencies (i.e. m equals the total number of alleles in both populations). The
distance is the angle between these points:

=

2

2 1 −

•

Assumes genetic drift only (no mutation)

•

Geometric distance between points in multi-dimensional space

Reynold Distance: This measure assumes that genetic differentiation occurs only
by genetic drift without mutations. It estimates the coancestry coefficient Ɵ,
which provides a measure of the genetic divergence by
= − ln(1 − )
Other distance measures include Euclidean distance, Share allele distance,
Roger’s distance, Goldstein distance (for microsatallite).

4. METHODS OF ANALYZING GENETIC DIVERSITY

The assessment of genetic diversity in crop plants may be carried out in two
major ways namely
I.
II.

Morphological characterization techniques
Molecular techniques

MORPHOLOGICAL CHARACTERIZATION: Characterization is the
exercise involved in the description of plant germplasm. It determines the
expression of highly heritable characters ranging from morphological or
agronomical features. Morphological characterization of crop plants is essential
to provide information on traits of accessions assuring the maximum utilization
of germplasm collection to the final user (Engel & Visser, 2003). This method
has been applied by Osawaru et al. (2013) for West African okra (Abelmoschus
cailei). A minimum of three replicates and preferably four with data taken from
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at least 10 plants across replications has been shown to be statistically acceptable
for some crops. Care should be taken to select a site where the species is adapted
and traits will be expressed. Morphological characterization may include one or
combination of the following:

A.

Morphological Descriptors: A set of morphological descriptors can be
used to describe the phenotype. International plant genetic resource
institute (IPGRI) descriptors are widely available in the internet and
these have been applied by Osawaru et al., (2009).

B.

Herbarium Samples: Herbarium samples are a good record of variation
and with care can be kept for many years and used for rechecking trait
after the material is removed from the field. Through visits and request
of type samples the genetic diversity of a particular sample can be
analyzed. This has been applied by Borokini et al, (2010).

C.

Pictures: Sufficient details should be captured in images to
taxonomically identify the plant and demonstrate the traits that show
variation. The images can be stored in a database linked with the
morphological data. Web portals are available (like IPNI [ipni.org],
PNAS [pnas.org], PROTA [prota.org]) were digital images of plant can
be pooled and used for characterization. This method has been employed
by Osawaru et al., (2013b).

D.

Nutritional Traits: Nutritional traits which include food or feed value
are important for many vegetables, fruits and forages. Nutrition trait can
be characterized, this method has be applied by Osawaru et al., (2012 &
2013).

Morphological characterization does not require expensive technology but large
tracts of land are often required for these experiments, making it possibly more
expensive than molecular assessment. These traits are often susceptible to
phenotypic plasticity; conversely, this allows assessment of diversity in the
presence of environmental variations (Pagnotta et al., 2009)

MOLECULAR TECHNIQUES: Analyses of genetic diversity are usually
based on assessing the diversity of an individual using either allozymes (i.e.,
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variant forms of an enzyme that are coded for by different alleles at the same
locus) or molecular markers, which tend to be selectively neutral (Pagnotta
et al., 2009). Genetic variability within a population can be assessed through: the
number (and percentage) of polymorphic genes in the population, the number of
alleles for each polymorphic gene and the proportion of heterozygous loci per
individual. However, they have the disadvantage of being relatively expensive,
time consuming and require high levels of expertise and materials in analysis.
There are credited for higher precision when compared with morphological
markers. To assess genetic variability different markers are used and this markers
are categorized into; biochemical markers and molecular markers.

Biochemical Markers: The use of biochemical markers largely involves the
analysis of seed storage proteins and isozymes. This technique utilizes enzymatic
functions and is a comparatively inexpensive yet powerful method of measuring
allele frequencies for specific genes. Allozymes, being allelic variants of
enzymes, provide an estimate of gene and genotypic frequencies within and
between populations (Pagnotta et al., 2009).

Major advantages of these types of markers consist in assessing co-dominance,
absence of epistatic and pleiotrophic effects, ease of use, and low costs.
Disadvantages of isozymes include: (i) there are only few isozyme systems per
species (no more than 30) with correspondingly few markers; (ii) the number of
polymorphic enzymatic systems available is limited and the enzymatic loci
represent only a small and not random part of the genome (the expressed part) therefore, the observed variability may be not representative of the entire
genome; (iii) although these markers allow large numbers of samples to be
analyzed, comparisons of samples from different species, loci, and laboratories
are problematic, since they are affected by extraction methodology, plant tissue,
and plant stage.

Molecular Markers: Recently, a variety of different genetic markers have been
proposed to assess genetic variability as a complementary strategy to more
traditional approaches in genetic resources management. Different markers have
different genetic qualities which may be dominant or co-dominant, can amplify
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anonymous or characterized loci, can contain expressed or non-expressed
sequences, e. t. c (Pagnotta et al., 2009).
A molecular markers can be defined as a genomic locus, detected through probe
or specific starters (primers) which in virtue of its presence, distinguishes
unequivocally the chromosomic trait which it represent as well as the flanky
regions at the 3’ and 5’ extremity.

Molecular markers may or may not correlate with phenotypic expression of a
genomic trait. They offer numerous advantages over conventional, phenotypebased alternatives as they are stable and detectable in all tissues regardless of
growth, differentiation, development, or defense status of the cell. Additionally,
they are not confounded by environmental, pleiotropic and epistatic effects.
An ideal molecular marker should possesses the following features: (1) be
polymorphic and evenly distributed throughout the genome; (2) provide adequate
resolution of genetic differences; (3) generate multiple, independent and reliable
markers; (4) be simple, quick and inexpensive; (5) need small amounts of tissue
and DNA samples; (6) link to distinct phenotypes; and, (7) require no prior
information about the genome of an organism. Nevertheless, no molecular
marker (Pagnotta et al., 2009).

Genetic or DNA based marker techniques such as Restriction Fragment Length
Polymorphism (RFLP), Random Amplified Polymorphic DNA (RAPD), Simple
Sequence Repeats (SSR) and Amplified Fragment Length Polymorphism (AFLP)
are now in common use for ecological, evolutionary, taxonomical, phylogenic
and genetic studies of plant sciences.

Molecular markers work by highlighting differences (polymorphisms) within a
nucleic sequence between different individuals. These differences include
insertions, deletions, translocations, duplications and point mutations. They do
not, however, encompass the activity of specific genes.

In addition to being relatively impervious to environmental factor, molecular
markers have the advantage of: (i) being applicable to any part of the genome
(introns, exons and regulation regions); (ii) not possessing pleiotrophic or
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epistatic effects; (iii) being able to distinguish polymorphisms which not produce
phenotypic variation and finally, (iv) being some of them co-dominant.

The different techniques employed are based either on restriction-hybridization
of nucleic acids or techniques based on Polymerase Chain Reaction (PCR), or
both. In addition, the different techniques can assess either multi-locus or singlelocus markers. Multi-locus markers allow simultaneous analyses of several
genomic loci, which are based on the amplification of casual chromosomic traits
through oligonucleic primers with arbitrary sequences. These types of markers
are also defined as dominant since it is possible to observe the presence or the
absence of a band for any locus, but it is not possible to distinguish between
heterozygote (a/-) conditions and homozygote for the same allele (a/a). By
contrast, single-locus markers employ probes or primers specific to genomic loci,
and are able to hybridize or amplify chromosome traits with well-known
sequences. They are defined as co-dominant since they allow discrimination
between homozygote and heterozygote loci.

Basic marker techniques can be classified into two categories: (1) non-PCRbased techniques or hybridization based techniques; and (2) PCR-based
techniques.

Restriction Fragment Length Polymorphism: All organisms have numerous
differences in their genomic DNA sequence and therefore are genotypically
distinct. This difference results in a restriction fragment length polymorphism.
This can be detected by southern hybridization after running agarose gel
electrophoresis. Hybridization analysis is carried out using probe that spans the
region of interest. The probe hybridizes to the relevant region, ‘lighting up’ the
appropriate restriction fragments on the resulting autoradiograph. If an RFLP is
present then it will be clearly visible on the autoradiograph. Thus RFLP is used
as a major tool to identify the genetic diversity within and between species
(Somasundaram & Kalaiselvam 2011).
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Random Amplified Polymorphic DNA (RAPD): The invention of PCR
(polymerase chain reaction) is a milestone in the development of molecular
techniques. PCR results in the selective amplification of a chosen region of a
DNA molecule. Random amplification of DNA with short primer by PCR is a
useful technique in phylogenetics. The important point is the banding pattern
seen, when the products of PCR with random primers are 2electrophoresed in a
reflection of the overall structure of the DNA molecule used as the template. If
the starting material is total cell DNA then the banding pattern represents the
organization of the cell’s genome. Differences between the genomes of two
organisms can be measured with RAPD. Two closely related organisms would be
expected to yield more similar banding patterns than two organisms that are
distant in evolutionary terms (Miesfeld, 1999).

Amplified Polymorphic Length Polymorphism (AFLP): AFLP analysis is able
to detect high levels of polymorphism and has high repeatability and speed of
analysis. These markers have a very high diversity index, resulting in a limited
number of primer combinations required to screen a whole genome and has been
applied to develop a system for the fingerprinting of an organism (Faccioli et al.,
1999) and for map expansion (Castiglioni et al., 1998). Vos et al. (1995)
described the AFLP technique as being based on the detection of restriction
fragments by PCR amplification and argued that ʹthe reliability of the RFLP
technique is combined with the power of the PCR techniqueʹ. AFLPs provide
high levels of resolution to allow delineation of complex genetic structures.
AFLPs are fragments of DNA that have been amplified using directed primers
from restriction digested genomic DNA (Matthes et al., 1998; Karp et al., 1997).

The major advantage of the AFLP technique is the large number of
polymorphisms that the method generates. Its ability to differentiate individuals
in a population makes the technique useful for paternity analyses (Krauss, 1999),
gene‐flow experiments, and also for Plant variety registration (Law et al., 1998).
Other advantageous features of the AFLP technique
information

is

required;

ii)

the

are: i)

no

sequence

AFLP technique are: i) no sequence

information is required; ii) the PCR technique is fast; and iii) a high multiplex
ratio is possible (Rafalski et al., 1996).
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Microsatellites: Microsatellites, alternatively known as simple sequence
repeats (SSRs), short tandem repeats (STRs) or simple sequence length
polymorphisms (SSLPs), are tandem repeats of sequence units generally less
than 5 bp in length (Bruford and Wayne, 1993). These markers appear to be
hypervariable, in addition to which their co‐dominance and reproducibility
make them ideal for genome mapping, as well as for population genetic studies
(Dayanandan et al., 1998). One common example of a microsatellite is a
(CA)n repeat, where n is variable between alleles. These markers often present
high levels of inter‐ and intra‐specific polymorphism, particularly when
tandem repeats number ten or greater. CA nucleotide repeats are very frequent
in human and other genomes, and present every few thousand base pairs. Inter‐
SSRs are a variant of the RAPD technique, although the higher annealing
temperatures probably mean that they are more rigorous than RAPDs.
Chloroplast microsatellites (cpSSRs) are similar to nuclear microsatellites but
the repeat is usually only 1 bp, i.e. (T) n (Provan et al., 1999). Microsatellites
owe their variability to an increased rate of mutation compared to other neutral
regions of DNA.

Recently, a new class of advanced techniques has emerged, primarily derived
from combination of earlier, more basic techniques. These advanced marker
techniques combine advantageous aspects of several basic techniques.

In

particular, the newer methods incorporate modifications in the basic
techniques, thereby increasing the sensitivity and resolution in detecting
genetic discontinuity and distinctiveness. The advanced marker techniques
also utilize newer classes of DNA elements such as retrotransposons,
mitochondrial and chloroplast based microsatellites, allowing increased
genome coverage. Techniques such as RAPD and AFLP are also being applied
to cDNA- based templates (i.e., sequences of complementary DNA obtained
by mRNA retrotranscription) to study patterns of gene expression and
uncover the genetic basis of biological responses. The recent development
of high-throughput sequencing technology provides the possibility of
analysing high numbers of samples over smaller periods of time.
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Table 3. Comparison of different characteristics of most frequently used
molecular markers techniques.
MOLECULAR MARKERS

RFLP

RAPD

AFLP

SSR

Degree of polymorphism

M

M

M

M

Locus specificity

Y

N

N

N

Dominance (D)/Co-dom. (C)

C

D

D

C

Ease of Replication

H

L

H

M

Abundance

H

H

H

M

Sequence information required

Y

N

N

N

Quantity of DNA required

H

L

M

L

Automation

N

Y

Y

Y

Costs per assay

H

L

M

L/M

Technical requirement

H

L

M

L/M

Key: H = High; M= Medium; L = Low; Y = Yes; N= No
(Source: Adapted from Pagnotta et al., 2009)

5. DATA ANALYSIS

The genetic data generated using various analytical techniques can be analyzed
using either specific statistical methods or combination of methods. The choice
of statistical method to be used is dependent on the achievable objectives laid
out in the studies. It is important to take the measurement levels of the
variables into account for the analysis, as special statistical techniques are
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available for each level. The data often involve numerical measurement and in
many cases, combinations of different types of variables. Base on the number
of variables used data analysis can be viewed from two methods namely;


Univariate and



Multivariate

Univariate Methods: Univariate analysis involves the examination across
cases of one variable at a time. The analysis of this type of data can discussed
from the distribution, the central tendency and dispersion. The distribution is a
summary of frequency of individual values or range of values for a variable.
One of the most common ways to describe a single variable is with a
frequency distribution. Frequency distribution can be depicted in two ways, as
a table or as a graph.

The central tendency of a distribution is estimated of the “center” of a
distribution of values. There are three major types of estimates of central
tendency namely; mean, median and mode. The mean is probably the most
commonly used method of describing central tendency. To compute the mean,
all you do is add up all the values and divide by the number of samples. The
median is the score found at the exact middle of set of values. One way to
compute the median is to list all scores in numerical order and then locate the
score in the center of the sample. The mode is the most frequently occurring
value in the set of scores.

Dispersion refers to the spread of the values around the central tendency.
There are two common measures of dispersion, the range and the standard
deviation. The range is simply the highest values minus the lowest values. The
standard deviation is a more accurate and detailed estimate of dispersion
because an outlier can greatly exaggerate the range. The standard deviation
shows the relation that set of scores has to the mean of the sample. To compute
the standard deviation we apply the formula below;

21

Hierarchical Approaches to the Analysis of Genetic Diversity in Plants: A Systematic
Overview

Mathematically:

∑( − ̅ )
( − 1)
Where:

= each score, ̅ = the mean, n = the number of value, ∑ = sum across

the values

Although it may be calculated manually, most statistical programs is capable
of calculating them easily which include Ms-Excel, SPSS, PAST e.t.c.

Multivariate Methods: With increases in the sample size of germplasm
accession used in crop improvement programs, classification and to create
order in genetic variability assuming considerable significance. The use of
established multivariate statistical algorithms is an important strategy for
classifying germplasm, ordering variability for a large number of accessions,
or analyzing genetic relationships among breeding materials (Mohammadi &
Prasanna, 2003). Multivariate analytical techniques, which simultaneously
analyze multiple measurements on each individual under investigation, are
widely used in analysis of genetic diversity irrespective of the dataset
(morphological, biochemical, or molecular marker data). Among these are
algorithms, cluster analysis, principal component analysis (PCA), principal
coordinate analysis (PCoA), and multidimensional scaling (MDS) are, at
present, most commonly employed and appear particularly useful (BrownGuedira et al., 2000).

Cluster Analysis: Cluster analysis refers to “a group of multivariate
techniques whose primary purpose is to group individuals or objects based on
the characteristics they possess, so that individuals with similar descriptions
are mathematically gathered into the same cluster” (Hair et al., 1995). The
resulting clusters of individuals should then exhibit high internal (within
cluster) homogeneity and high external (between clusters) heterogeneity. Thus,
if the classification is successful, individuals within a cluster shall be closer
when plotted geometrically and different clusters shall be farther apart (Hair et
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al., 1995). There are broadly two types of clustering methods:

(i)

Distance-based methods, in which a pair-wise distance matrix is
used as an input for analysis by a specific clustering algorithm
(Johnson & Wichern, 1992), leading to a graphical representation
(such a tree or dendrogram) in which clusters may be visually
identified.

(ii)

Model-based methods, in which observations from each cluster are
assumed to be random draws from some parametric model, and
inferences about parameters corresponding to each cluster and
cluster membership of each individual are performed jointly using
standard statistical methods such as maximum-likelihood or
Bayesian methods.

Thornsberry et. al. (2001) provided the first empirical demonstration of the
utility of the “structured association” method in plant genetics, identifying a
gene associated with variation for flowering time in maize. At present,
distance-based methods are most frequently applied.

Distance-based clustering methods can be categorized into two groups:
hierarchical and nonhierarchical. Hierarchical clustering methods are more
commonly employed in analysis of genetic diversity in crop species. These
methods proceed either by a series of successive mergers or by a series of
successive divisions of group of individuals. The former, known as
“agglomerative hierarchical” methods, start with a single individual. Thus,
there are initially as many clusters as individuals. The most similar individuals
are first grouped and these initial groups are merged according to their
similarities.

The nonhierarchical clustering procedures do not involve construction of
dendrograms or trees. These procedures, also frequently referred to as “Kmeans clustering,” are based on “sequential threshold,” “parallel threshold,” or
“optimizing” approaches for assigning individuals to specific clusters, once the
number of clusters to be formed is specified.

23

Hierarchical Approaches to the Analysis of Genetic Diversity in Plants: A Systematic
Overview

Dendrogram: The resulting cluster of individuals should then exhibit high
internal (within cluster) homogeneity and high external (between cluster)
homogeneity. Thus, if the classification is successful, individuals within a
cluster shall be closer when plotted geometrically and different clusters shall
be farther apart (Hair et al., 1995).

The results of a cluster analysis are shown by a dendrogram which lists all the
samples and indicates what level of similarity any two clusters are joined
(Holland, 2006). A dendrogram could also be seen as a structure (a graph) able
to be decomposed into subgroups (sub graphs) (Restrepo et al., 2007).

A dendrogram is represented by its clusters. Perhaps the most important
purpose of a cluster is its ability to show similarities between the elements of a
particular plant species which is the main reason why cluster analysis is
broadly used in drug discovery processes and molecular diversity studies
(Restrepo et al., 2007).
Based on the data type used, different types of dendrograms are produced.
They include


Phenograms



Cladograms, and



Phylograms

Phenogram: This is a diagram depicting taxonomic relationships among
organisms based on overall similarity of many characteristics without regard to
evolutionary history or assumed significance of specific character.

Cladogram: This is a branching tree-like diagram used to illustrate the
evolutionary (phylogenetic) relationship among organisms. Each node or point
of divergence has two branching lines of descendance, indicating evolutionary
divergence from a common ancestor. The end point of the tree represents
individual species, and any node, together with its descendant braches and subbranches constitute a node.
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Phylogram: A phylogenetic tree, or phylogram, sometimes called ‘the tree of
life’ shows the evolutionary relationship among various organisms that are
believed to have a common ancestor. Every node with descendants represent
the most recent common ancestor of the descendant. Each node in a
phylogenetic tree is called a taxonomic unit.

Although phylogenetic trees can provide evolutionary insight, they do have
important limitations. Phylogenetic trees do not necessarily (and likely do not)
represent actual evolutionary history. The data on which they are based are
noisy and recombination and back mutations can all confound the analysis
(Wright, 2011).

Principal components, canonical and multidimensional analyses are used to
derive a 2-or 3- dimensional scatter plot of individuals such that the
geometrical distances among individual genotypes reflect the genetic distances
among them. Principal component as a reduced data form which clarify the
relationship between breeding materials into interpretable fewer dimensions to
form new variables. These new variables are visualized as different non
correlating groups.

Principal components analysis first determines Eigen values which explain the
amount of total variation displayed on the component axes. It is expected that
the first 3 axes will explain a large sum of the variations captured by the
genotypes. Cluster and principal component analysis can be jointly used to
explain the variations in breeding materials in genetic diversity studies.
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Figure 3: A Hypothetical Dendrogram.
(Source: Holland, 2006)

6. RECOMMENDATIONS AND CONCLUSION

The following are thereby recommended:
1. Support for policies and principles regarding plant genetic resources
(PGR);
2. Encourage establishment of structure and international treaties to
ensure sustainable management of PGR;
3. Sampling strategy to be adopted for hierarchical analysis of PGR
should be designed to confirm with the needs of germplasm and
location;
4. Support collection, characterization and evaluation of germplasm for
the basis of conservation;
5. Causes of loss in genetic diversity should be studied to reduce their
impacts;
6. Modern approaches to studying genetic diversity should be adopted by
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scientist in their studies and
7. Clustering techniques for analysis plant genetic diversity should be
adopted by gene bank curators to enable them check for redundancy in
their collections.

Analysis of genetic diversity in plants may play roles in uncovering
evolutionary

history,

biogeography

and estimating

their

diversity,

distinctiveness and population structure. Awareness of the level of genetic
diversity and the proper management of genetic resources are important issues
in modern era for which hierarchical analysis is relevant. Application of
advanced techniques is a valuable tool to study genetic variability for the basis
of conservation and classification. In the near future, the advent of more
advanced techniques will be an impressive tool for evaluation of plant genetic
resources. Many computer software packages are available for analyzing
genetic diversity. There are two primary considerations when choosing software packages, which are: (i) statistical packages that offer analyses on the
basis of relevant evolutionary models and, (ii) user-friendliness of the
packages and output.
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