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Alleles present in a population at a given period are referred to as the gene pool. It is the total amount and variety of genes and alleles available for transmission to the
next generation in a sexually reproducing population. In comparison to formal taxonomy, Harlan and Wet identified types of gene pools as main, secondary, tertiary, and
quaternary gene pools for the classification of each crop and its related species. The total quantity of genes, types and variants of genes, proportion, and distribution of
genes are all revealed by studying the gene pool of a population. Selection, mutation, gene flow, and genetic drift are evolutionary mechanisms that influence a population’s
gene pool. The number of genes and the number of people who carry these genes determine the size of the gene pool. Because of chance events, the number of each
gene in a gene pool might shift over time. As a result, the goal of this review study is to evaluate the gene pool, classification, and importance of the gene pool in modern

crop development programs.

Introduction

All the genes and alleles present in all such individuals,
which hybridize or can hybridize with each other, make
up the gene pool [1]. It is the collection of various genes in
a population of a specific species at a specific time. The term
“gene pool” is most commonly used to refer to a group of
individuals belonging to a single species, and the term “gene
pool” refers to all of the genes and gene combinations present
in the population [2]. The term “gene pool” refers to the total
number of alleles of genes found at all loci within a single
species population. Thus, the phrase “gene pool” is used to
define the collection of all genes or genetic information found
in any population of a specific species [3].

A gene pool is the total quantity and variety of genes and
alleles available for transmission to the next generation in a
sexually reproducing population [4]. Plant breeders benefit
from the gene pool concept because it helps them choose
germplasm to employ in hybridizations for plant improvement.

A vast gene pool shows a high level of genetic variety, which
is linked to populations that can withstand periods of strong
selection [5]. Crop improvement initiatives rely on accessible
genetic diversity for specific traits in the primary and, if
appropriate, secondary gene pools of a given crop species for
breeding, selection, and agronomic evaluation [6].

Plant breeders can construct dynamic gene pools from
which they can draw materials for crop improvement by
using a method of introgression (crossing and backcrossing
selected entrants with desired traits into adapted stocks) and
incorporation [7]. These researchers advised that the search for
desirable genes begins with materials from the primary gene
pool (related species), then goes on to the secondary gene pool,
and finally to the tertiary gene pool if necessary [8]. Then,
using the universal gene pool, proprietary germplasm, and
genetic technologies, plant geneticists create new hybrids [9].
The overall goal of this review study is to evaluate the gene
pool, kinds, and importance of these genes in modern crop
development programs.
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Literature review

Conceptof genepool: The notion of a gene pool was developed
by Russian biologist Alexander Sergeevich Serebrovsky, who
invented the term ‘genofond’, which means “gene pool” in
English. The gene pool refers to a significant collection of
genetic variety within a single species [10]. This refers to all
of the alleles found in a population of a certain species at a
given locus. The gene pool definition also includes all genes,
regardless of expression, i.e., whether they are expressed or
not, they are all included in the gene pool definition [11]. When
a population is robust and can withstand natural selection
processes, the gene pool is usually regarded [12].

The concept of biological fitness is another concept
that is tied to the concept of gene pool. Biological fitness is
determined by a species’s gene pool’s ability to withstand
numerous changes that can result in intense natural selection
[13]. If a species is unable to adapt to changing conditions in an
ecosystem, it may become extinct. Biological fitness is a term
used to describe a species’ ability to adapt to changes [14]. The
biological fitness of a species is considered to be high if the
gene pool contains a lot of diversity in alleles, whereas it is said
to be low if the gene pool contains little diversity [15]. Thus,
high genetic diversity in the gene pool leads to high fitness,
whereas low genetic diversity resulting from inbreeding or
bottleneck events can lead to decreased biological fitness and
higher odds of extinction [16].

There are several situations in which a species can persist
even with low genetic diversity, i.e. low biological fitness, if the
fitness is raised by processes such as genetic drift [17]. For a
given species, genetic drift is defined as a shift in the frequency
of a specific gene variant, or allele. If new genetic variants
more adapted to changing environments are introduced into
the population of the species as a result of these changes, there
is a potential to boost the species’ biological fitness even if the
gene pool variety is low [18]. Thus, the gene pool does not reflect
biological fitness in and of itself but rather is an indicator of
biological diversity that provides relevant information about
the fitness of a species population [19].

Changes in the gene pool: Small changes in the amount
of each type of gene can occur throughout generations for a
variety of reasons [18]. The principal causes of changes in a
population’s gene pool include gene mutation, gene flow,
genetic drift, and natural selection [20]. The gene pool does
not always remain consistent [21]. Changes in the gene pool
can lead to changes in the genetic diversity of the species
population [22]. The content of the gene pool can alter over
time as a result of evolutionary processes. Changes in the
makeup of the gene pool can be caused by a variety of factors,
including mutation, natural selection, and genetic drift
[23]. These adjustments are necessary for any population of
animals to survive as the environment changes. These genetic
variants provide a diversified gene pool, allowing people in the
community to adapt to changing environments. Changes in the
environment resulted in genetic alterations that became part of
the human gene pool in that location [24].

The diversity of alleles present in a population is reflected
in the gene pool, which is an indicator of biological fitness.
The ability of a population of a species to adapt to a specific
environment and evolve is affected in part by the gene pool
[25]. These modifications may aid in the diversification of the
gene pool in question. However, this does not imply that genetic
variety and gene pool have the same meaning in a statement.
Genetic diversity is a trait that emerges from a variety of events
that lead to the formation of a population of organisms. In a
population that makes up a gene pool, it can have only one
genetic variation of a gene or numerous alleles. As a result, it
should be highlighted that each is a component that indicates
the presence of another [26].

Types of gene pools in crop breeding: The total genetic
variety in a species’ breeding population and closely related
species capable of crossing with it is referred to as the gene
pool. In comparison to formal taxonomy, Harlan and Wet
developed categories of gene pools for the classification of each
crop and its related species [27].

Primary gene pool: Gene Pool one (GP 1) is another name
for the primary gene pool [28]. This pool’s inhabitants are
all of the same species and can freely mate. This gene pool is
unique in that it is easy to cross, resulting in fertile hybrids
with strong chromosome pairing and proper gene segregation,
allowing for easy gene transfer [29]. Total genetic variety in
a crop’s breeding population and closely related species with
whom gene transfer is straightforward since they frequently
interbreed or can be crossed. The major gene pool is the one
in which intermating is simple and results in viable hybrids
[30]. Plants of the same species or closely related species
that intermate produce viable progeny are included. Genes
can be exchanged across lines in such a gene pool simply by
doing normal crosses with normal seed sets, segregation, and
recombination [31].

Secondary gene pool: Gene Pool two (GP 2) is a secondary
gene pool [32]. Total genetic variation in a population of less
closely related species from which gene transfer to the crop
is possible but difficult to achieve using traditional breeding
procedures [33]. Due to several issues with F1 infertility, gene
transfer, and combination may face challenges. This gene
pool is made up of species that are not identical but are more
closely connected to one of the basic gene pools [34]. Hybrids
can be produced, although they may be sterile (i.e., have lower
fertility), and chromosome pairing and gene segregation may
be poor. Nonetheless, it can generate a wide range of hybrids.
The secondary gene pool is the genetic material that results in
partial fertility when crossed with GP 1. It contains plants from
related species that have certain obstacles to cross-pollination
with crops [35]. Such materials can be mated with the primary
gene pool, but the hybrids are usually infertile or weak, with
some fertile progeny. The GP2 of most crop plants is mostly
made up of species from the same genus [36].

Tertiary gene pool: This is also known as the third gene
pool (GP 3). Total genetic variation in a population of a
more distant species, from which gene transfer to the crop
is unfeasible or, if achievable, necessitates somatic fusion or
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in-vitro procedures such as embryo rescue for F1 generation
and survival [37]. F1 sterility is a major impediment to gene
transfer. This pool contains species that are completely
different from the gene pool under discussion, and crossing
them will produce extremely few if any, hybrids. This is the
shallow end of the gene pool, so to speak [38]. The genetic
material that results in sterile hybrids when crossed with the
primary gene pool is referred known as the tertiary gene pool.
It contains components that can be crossed with GP 1, however
the hybrids are either fatal or sterile as a result of aberrant
embryo development [39]. Special techniques like as embryo
culture, tissue culture, chromosomal doubling, or the use of
bridge species (with members of secondary gene pools) can be
used to transfer genes from such material to the primary gene
pool [40].

Quaternary gene pool (GP4): Any synthetic strains having
nucleic acid frequencies (DNA or RNA) that do not occur in
nature should be included in the fourth gene pool [41]. The
recent advancement in genetic engineering technology has
brought the entire world of living organisms within reach of
any crop plant’s germplasm. The enormous genetic diversity
results from unrelated plant species or other organisms [42].
Pollination and tissue culture procedures are unable to transmit
genes, necessitating the use of genetic engineering techniques.
Through recombinant DNA technology, genes can now be
transferred not only between species or genera but also between
other types of organisms [43]. The ‘Bt’ gene (Transgene) was
transferred from a bacteria (Bacillus thuringiensis) to cotton,
maize, tomato, and other plant species, expanding the gene
pool beyond human imagination. Modern science has thus
made available a new form of gene pool (GP-4) that might be
referred to as a “Gene Ocean” [44] Figure 1.

Gene pool centers

Gene pool centers are locations around the world where
important crop plants and domestic animals made their first
appearance. They have a diverse collection of wild counterparts
to cultivated plant species as well as useful tropical plants [45].
Gene pool centers also house a variety of warm and temperate
zone species. It denotes the total genetic diversity present in
a population or species [46]. A vast gene pool denotes a high
level of genetic variety, which is linked to strong populations
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Figure 1: Modified gene pool concept in plants based on the hybridization study (a

revised form of Harlan and De Wet, 1971).

that can withstand periods of harsh selection. Low genetic
variety, on the other hand, can result in decreased biological
fitness and an increased risk of extinction [47]. A geographical
place where a group of species, either domesticated or wild,
first formed their distinguishing features is known as the
center of origin [48].

Genetic erosion

Natural or man-made processes that result in a loss
of genetic diversity. Genetic erosion is the loss of genetic
variety in farmed or natural populations as a result of human
intervention [49]. Natural forces, as well as the acts of crop
producers, plant breeders, curators of germplasm banks, and
others in society, can cause genetic variation loss. Genetic
erosion is a term used to explain the loss of variety in crops
as a result of agricultural modernization. At three stages of
integration, genetic degradation can occur viz., crop, variety,
and allele [50].

The introduction of newer cultivars has been linked to
genetic degradation in crops. Genetic erosion in native plant
populations is caused by habitat loss and fragmentation, but
it can also be caused by a limited genetic foundation in the
original collections or by techniques that diminish genetic
variety [51]. Genetic erosion can refer to the disappearance of
genetically distinct populations, the loss or change in frequency
of certain alleles (different forms of a gene) within populations
or between species, or the disappearance of allele combinations
[52].

Major losses of habitat and resident plant populations;
habitat fragmentation; management activities such as
thinning, harvesting, or nursery selections that target specific
features of plants; and planting material from a narrow
genetic collection in revegetation efforts are all factors that
could contribute to genetic erosion in native plant species
[53]). Genetic erosion is the loss of genetic variability owing
to a variety of circumstances over some time and in a specific
location. Individual genes or combinations of genes can be
lost. The decrease in genetic variety over time is referred to
as genetic loss [54]. Genetic loss is mostly due to agricultural
modernization, which includes the replacement of landraces
with new improved kinds. Plant breeding initiatives are being
hampered by the loss of genetic variety [55].

Genetic vulnerability

Genetic vulnerability is a word used to describe a group of
plants’ genetic homogeneity and uniformity, which makes them
susceptible to a large-scale pest, pathogen, or environmental
danger [56]. It’s a big deal in current plant breeding, and
it’s largely due to the way breeders go about generating new
and better cultivars for modern civilization. Crop evolution,
breeding trends, biological technology trends, crop producer
decisions, consumer demands and tastes, and other factors are
all elements that contribute to genetic susceptibility [57]. A
specific crop cultivar (genotype) is developed for the agricultural
production system as a consequence of a combination of the
above elements. Using varied and unrelated parents in breeding
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programs, as well as unrelated causes of male sterility, semi-
dwarfism, and other genetic vulnerabilities, can be avoided
[58].

Role of gene pool in plant breeding

Plant breeders face multiple global challenges that
affect food security, productivity, accessibility, and nutritional
quality [59]. Gene Pool serves as a guide for planning breeding
activities. The effective utilization of the pant gene pool would
contribute to solving constraints that limit crop productivity.
The identification of the crop gene pool, which comprises
farmed forms of the crop species, wild species of the crop, and
the crop’s progenitors, is an important goal in plant breeding
[60]. Closely related species are also included in the crop gene
pool, even if they did not act as direct progenitors. The gene
pool concept is mostly used to demarcate taxa and determine
levels of interfertility between these taxa and the associated
crop [61].

Plant breeders benefit from the gene pool concept because
it helps them choose germplasm to employ in hybridizations
for plant improvement. Each gene serves a specific purpose,
such as conferring a specific trait to the plant/animal, disease
resistance, climatic tolerance, and so on [62]. As a result, a
population with more genetic variety will be better prepared to
deal with disease outbreaks or drastic environmental changes,
as they will be more likely to possess genes that protect them
from such threats. Populations with a smaller number of genes
in their gene pool, on the other hand, will be more vulnerable
to such issues, which could lead to them being endangered or
even extinct.

As a result, communities with a wide gene pool have
a better chance of surviving, whereas populations with
small gene pools are at risk of developing genetic disorders,
abnormalities, and infertility [63]. Farmers globally lost over
75% of agricultural genetic variety as they moved to genetically
uniform, high-yielding cultivars and abandoned multiple local
types. However, having access to genetic material is critical
for adapting and improving agriculture in the face of risks
like as disease or a warming climate that can change growing
conditions [64]. Plant breeders are now using those genes to
create disease-resistant wheat cultivars [58].

Conclusion

The total amount of genes found in a community is referred
to as the gene pool; populations with larger gene pools have
more genes and thus higher genetic diversity. For long-term
development, maintaining the gene pool is crucial. The most
frequent breeding methods used in productivity enhancement
include gene pool enrichment via native or alien germplasm,
selection, and hybridization. Crop improvement efforts, both
traditional and nontraditional, should focus on closing the
yield gap between potential and realized yields by removing
significant production limitations.
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