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activation (Yaakov and Kashkush, 2012). In the face of rapid climatic
and other environmental changes at the global scale, understanding
the impact of polyploidization in plant evolution and ecological
interactions is of an uttermost relevance, as this knowledge might
rapidly become an important tool for the breeding of economically
important crops, helping us to pave the way for harnessing more
e cient uses of arti cial polyploidization to obtain genotypes with
increased tolerance to diverse biotic and abiotic stresses [6].

Polyploidy, de ned as the coexistence of three or more complete
sets of chromosomes in an organism’s cells, is considered as a pivotal
moving force in the evolutionary history of vascular plants and has
played a major role in the domestication of several crops. Polyploidy
refers to the presence of more than two complete sets of chromosomes
per cell nucleus, which has been considered a ubiquitous phenomenon
in plant evolution and diversi cation (Soltis et al., 2009) [7]. It is
thought to contribute to adaptation to climate and edaphic changes,
by increasing e ective population size and decreasing inbreeding
depression in the short term. Polyploidy has played an important role in
the evolution of higher plants. Approximately 50-70% of angiosperms,
which include many crop plants, have undergone polyploidy during
their evolutionary process (Chen et al., 2007). Flowering plants form
polyploidy atasigni cantly high frequency of 1 in every 100,000 plants
(Comai, 2005) [8].

e basic complete set of chromosomes is designated by “x” while
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a ect the tolerance to some stresses, such as nutrient de ciency,
drought, water de cit, temperature, pests and pathogens [16].

Classification of polyploids

Basically, polyploids can be formed by intra-species genome
duplication or following hybridization. Polyploidy may be classi ed
based on their chromosomal composition into either euploids or
aneuploids.

Euploidy

Euploids are polyploids with multiples of the complete set of
chromosomes speci ¢ to a species. Euploids constitute the majority of
polyploids [17]. e variation may be multiples of the complete set of
chromosomes (George, 2015). Depending on the composition of the
genome, euploids can be further classi ed into either autopolyploids
or allopolyploids. Tetraploidy is the most common class of euploids
(Comai, 2005). Polyploidsmay beclassi ed based on their chromosomal
composition into either euploids or aneuploids. Euploids constitute the
majority of polyploids. Euploids are polyploids with multiples of the
complete set of chromosomes speci ¢ to a species. Depending on the
composition of the genome, euploids can be further classi ed in either
autopolyploid or allopolyploids. Tetraploidy is the most common class
of euploids (Comai, 2005) (Table 1) [18].

Aneuploidy

Aneuploidy is de ned as the deviation from a multiple of the
haploid number of chromosomes in a cell (Mamas, 2012). e presence
of multiple homologous chromosomes o en results in spurious pairing
between multiple chromosomes, unpaired chromosomes, and gametes
with unbalanced chromosome numbers (aneuploidy. Aneuploidy
refers to chromosome numbers that are not exact multiples of n (Guo
et al., 1996). e variation may be incomplete set of chromosomes
(aneuploidy) [19].

Infertility can arise because the new tetraploid form has more than
two sets of homologous chromosomes and during meiosis, there can be

Table 1: List of major crop and their ploidy.

Common Name Ploidy Name Propagation

Maize 2x=20 Diploid Out Crossing

Sorghum 2x=20 Diploid Selyng

Wheat 6x=46 Hexapod Out Crossing

Rice 2x=24 Diploid Selyng

Potatoes 4x=48 Tetraploid Outcrossing, Vegetative
Soybean 2x=40 Diploid Selyng

Barley 2x=14 Diploid Selyng

Tomato 2x=24 Diploid Selyng

Banana 3x=33 Triploid Vegetative

Watermelon 2x=22 Diploid Out Crossing
Sugarcane 8x=80 Octoploid Outcrossing,Vegetative
Sugar Beat 2x=18 Diploid Out Crossing

Cassava 2x=36 Diploid Outcrossing,Vegetative

trouble in how the cell pairs the chromosomes, resulting in unpaired
chromosomes and unbalanced sets of chromosomes (aneuploids).
However, when one or more chromosomes are lost or gained, there are
deletions and duplications of many genes, resulting in an unbalanced,
usually lethal or sub vital constitution referred to as aneuploidy. With
no mechanism of dividing univalent equally among daughter cells
during anaphase I, some cells inherit more genetic material than
others (Ramsey and Schemske, 1998). Similarly, multivalent such
as homologous chromosomes may fail to separate during meiosis
leading to unequal migration of chromosomes to opposite poles. is
mechanism is called non-disjunction (Acquaah, 2009).  ese meiotic
aberrances result in plants with reduced vigor (Table 2) [20].

Autopolyploidy

Autopolyploidy is a process whereby the chromosome set
is multiplied and it is a common phenomenon in angiosperms.
Autopolyploidy is thought to be an important evolutionary force that
has led to the formation of new plant species. Natural autoploids include
tetraploid crops such as alfafa, peanut, potato and co ee and triploid
bananas [21]. Spontaneous chromosome doubling in ornamentals and
forage grasses has led to increased vigor. For instance, ornamentals
such as tulip and hyacinth, and forage grasses such as ryegrasses
have yielded superior varieties following spontaneous chromosome
doubling (Acquaah, 2009). Due to the observed advantages in nature,
breeders have used the process of chromosome doubling in vitro
through induced polyploidy to produce superior crops. For example,
induced autotetraploids in the watermelon crop are used for the
production of seedless triploid hybrids fruits (Wehner, 2008). Such
polyploids are induced through the treatment of diploids with mitotic
inhibitors such as dinitroaniles and colchicine (Table 3) [22].

Allopolyploids

Allopolyploids include important crops such as wheat, cotton, and
canola, and all have improved agricultural traits relative to their diploid
progenitors. ey are a combination of genomes from di erent species
(they may also be duplicates of di erent species) (George A, 2015).

ey result from hybridization of two or more genomes followed by
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chromosome doubling or by the fusion of unreduced gametes between
species.  us, allopolyploids typically have two or more distinct sub
genomes at the time of their origin, are xed heterozygotes at many
loci and typically have chromosomes that do not form multivalent at
meiosis. Allopolyploidy has played an important role in evolution [23].

Allopolyploidy occurs in various genera of plants and has enjoyed
considerable success in natural populations. Two sub-classes: true
and segmental allopolyploids. e formation of true allopolyploids
involves hybridization between distantly related species. In this case,
the divergent chromosome complements do not pair with each other,
resulting in the formation of bivalents during meiosis and in a disomic
inheritance pattern. On the other hand, segmental allopolyploids
originate from hybridization between closely related specie with
partially di erentiated genomes [24].

erefore, segmental allopolyploids may undergo univalent,
bivalent or multivalent pairing during meiosis, being considered
intermediate types between true allopolyploidy. It is expected that one
third of the angiosperms are polyploids and a huge number of them
are allopolyploids. Allopolyploids have been more successful as crop
species than autopolyploids. Important natural alloploid crops include
strawberry, wheat, oat, upland cotton, oilseed rape, blueberry and
mustard (Chen, 2010) s process is key in the process of speciation
for angiosperms and ferns (Chen, 2010) and occurs o en in nature
[25].

Common applications of polyploidy in plant breeding

Episodes of polyploidy have clearly played a major role in the
evolution and speciation of plants. Polyploidization events o en
seem to be associated with increases in vigor and adaptation of the
newly formed polyploid to novel conditions. According to Van de
Peer et al. (2009), the competitive advantage of polyploids over their
diploid progenitors is mostly related to transgressive segregation, i.e.,
formation of extreme phenotypes and increased vigor.

Mutation breeding: High frequencies of chromosome mutations
are desirable in modern breeding techniques, such as tilling, as they
provide new sources of variation. e multi-allelic nature of loci
in polyploids has many advantages that are useful in breeding. e
masking of deleterious alleles, that may arise from induced mutation,
by their dominant forms cushions polyploids from lethal conditions
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ornamental, forage crop and fruit breeding. For example, through
induced polyploidy, breeders have developed Bouschet tetraploid
grapes with more yield and juice content than the diploid progenitor
Alicante. e slower growth rate of polyploids allows them to ower
later and for a longer period than their diploid progenitors [28].
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processes that are involved in managing and partitioning chromosomes
during cell division. In addition, several paleopolyploidies seem to be
associated with increases in plant diversity, for instance in Asteraceae,
Brassicaceae, Cleomaceae, Fabaceae, Poaceae and Solanaceae, and
it has been suggested that polyploidy could be a signi cant cause of
elevated rates of diversi cation in “plants. In comparison to the gradual
evolutionary process whereby species evolve by small spontaneous
mutations accumulated over time in the population, new species of
plants can also arise rapidly.

Multiples of chromosomes in the genomes of some species, a
rich debate on the role of polyploidy in plant genetics and evolution
has ensued. e most common mechanism for abrupt speciation is
through the formation of natural polyploidy. Tetraploids that cross
with diploids of the parental species will result in triploids that are
typically sterile.  is phenomenon provides reproductive barrier
between the polyploid and the parental species which is a driving force
for speciation. Various estimates suggest that about 47-70 % owering
plants are of polyploidy origin [30].

Conclusion

Polyploidy is a prominent force of shaping the evolution of
plants, mostly in ferns, and owering plants. Many of the crop plants
are obviously polyploidy i.e., cotton, wheat, potato, alfalfa, etc. while
the some others retain the vestiges of ancient polyploidy events
(paleopolyploid) i.e., maize, soybean, cabbage etc.  ough polyploidy
got attraction initially due to their unique cytogenetics and their
reproductive isolation, it was soon recognized that polyploidy also
exhibited distinctive phenotypic traits and hybrid vigor useful for
agriculture.

e polyploidy species formed independently from heterozygous
diploid progenitors may provide important source of genetic variation.
Polyploidy generally di er markedly from their progenitors in
morphological, ecological, physiological and cytological characteristics
that can contribute both to exploitation of a new niche and to
reproductive isolation.  us, polyploidy is a major mechanism of
adaptation and speciation in plants (Clausen et al., 1945). Already
many of successful evidence have been developed. However, there
are still a lot of mystery are in the hide. It is the polyploidy breeding
through which new crops can be developed, interspeci ¢ genes can
be transferred, and the origin of crops can be traced.  ough there is
many chances of revealing of undesirable characters and may have to
face with several challenges, polyploidy breeding will reveal many of
mysteries of the plant. It is now an interesting eld of study to reveal
the evolution of crop plants and utilizing their variability in the eld of
crop breeding.

Generally, parental DNA sequencing, gene silencing, maternal and
paternal e ects, larger ecological adaption, and more heterozygosity
determine Polyploidy success. Domestication, natural selection, and
arti cial section of polyploids have resulted in a higher percentage
of polyploidy plants in nature, as well as several popular and highly
productive plants. Polyploidy plants have more genomic and genetic
diversity than other plants. Early varieties, seedless fruits, sterile lines,
productive crops, resistance, and therapeutic plants are all possible with
polyploidy plants. As a result, polyploidy not only combats hunger,
but also alleviates poverty. Polyploidy is also important for humans,
as evidenced by the fact that many of the most important crop species
are polyploidy. e numerous e ects of polyploidy found in natural
populations have piqued plant breeders’ interest in using arti cial
polyploidy as a crop enhancement strategy.
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