
POLYPLOIDY, MUTATION AND 
HYBRIDIZATION WITH REFERENCE TO 

MREDICINAL PLANTS



Introduction 
(A) Polyploidy was first discovered in 1907 and was thought to be responsible

for increasing the number of genomic copies that are heritable. Polyploidy is the
condition of having more than two sets of chromosomes and also acts as an
important mechanism for plant evolution.

• Paleopolyploidy is commonly practiced in plants and is the most important
feature in the evolutionary history of all land plants . It has been observed that
approximately every plant has somehow experienced polyploidy at specific
point during their evolution. However, most plants have experienced recent
chromosome duplication, known as neopolyploidy.

• Almost 70% of flowering plants (angiosperms) have undergone polyploidy
several times during their evolution. Polyploidy leads to changes in gene dosage
that causes chromosomal rearrangements, epigenetic remodeling and reunion
of divergent gene regulatory hierarchies. These changes may bring out novel
variations or may result in speciation and reproductive isolation.

• Polyploids may develop naturally by cytological mechanisms like production of
unreduced gametes or may also occur due to unfavorable environmental
conditions.



• Plant breeders select polyploid plants in order to improve their agronomic traits,
some of which were developed by autopolyploidisation (within the species) or
by allopolyploidisation of dierent species (interspecific hybrids).

• Compared to allopolyploids that are more common in nature, autopolyploids
pose a great advantage as these organisms maximize the number of genes and
allele variants.

• Some traits like drought tolerance, pest resistance, blooming time, size of organ,
apomixes and biomass increase the chances of polyploid plants being selected
for agriculture.

• Polyploidy increases genetic base through the development of breeding lines in
a short time span and restoring hybrid fertility in interspecific and interploidy
crosses. There are three noticeable evident advantages of polyploidy comprising
of heterosis, gene redundancy and asexual reproduction.

• Gene redundancy also causes a burring effect in which extra copies of wild type
alleles conceive the effect of deleterious alleles. In this way, extra copies of
genes provide a protection against inbreeding depression and single locus
deleterious mutation effects.



TYPES OF PLOIDY
Here are some of the most common types:

• Haploid- means a critter has only one set of chromosomes, but can still
reproduce. Bacteria and other single-celled organisms are commonly
haploid. Occasionally, you'll encounter multicellular haploid critters,
which are usually insects or other invertebrates.

• Monoploid- means a critter which is supposed to have two sets of
chromosomes, but accidentally only got one. Monoploids are usually
sterile.

• Diploid- means a critter has two sets of chromosomes; it's the most
common type for sexually reproducing critters. Humans, animals,
plants, and fungi may be diploid. Diploidy may occur only part of the
time, too. For example, yeast cells are usually haploid but can combine
sexually to become diploid. Mammals tend to be diploid but may have
particular cells or tissue types that are polyploid, such as liver cells or
muscle cells.

• Triploid- means to have three sets of chromosomes,
and tetraploid means to have four sets of chromosomes.



Classification of Polyploids

• Polyploids may be classified based on their chromosomal composition into
either euploids or aneuploids. Euploids constitute the majority of polyploids.

(1) Euploidy

• Euploids are polyploids with multiples of the complete set of chromosomes
specific to a species. Depending on the composition of the genome, euploids
can be further classified into either autopolyploids or allopolyploids.
Tetraploidy is the most common class of euploids.



(2) Autopolyploidy

• Autopolyploids are also referred to as autoploids. They contain multiple copies of the
basic set (x) of chromosomes of the same genome. Autoploids occur in nature
through union of unreduced gametes and at times can be artificially induced.

• Natural autoploids include tetraploid crops such as alfafa, peanut, potato and coffee
and triploid bananas. They occur spontaneously through the process of chromosome
doubling. Chromosome doubling in autoploids has varying effect based on the
species.

• Spontaneous chromosome doubling in ornamentals and forage grasses has led to
increased vigour. For instance, ornamentals such as tulip and hyacinth, and forage
grasses such as ryegrasses have yielded superior varieties following spontaneous
chromosome doubling. Due to the observed advantages in nature, breeders have
harnessed 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. Such polyploids are induced through
the treatment of diploids with mitotic inhibitors such as dinitroaniles and colchicine.

• To determine the ploidy status of induced polyploids, several approaches may be
used. These include, chloroplast count in guard cells, morphological features such as
leaf, flower or pollen size (gigas effect) and flow cytometry.



(3) Allopolyploidy

• Allopolyploids are also called alloploids. They are a combination of genomes
from different species. They result from hybridization of two or more genomes
followed by chromosome doubling or by the fusion of unreduced gametes
between species.

• This process is key in the process of speciation for angiosperms and ferns and
occurs often in nature. Economically important natural alloploid crops include
strawberry, wheat, oat, upland cotton, oilseed rape, blueberry and mustard.

• To differentiate between the sources of the genomes in an alloploid, each
genome is designated by a different letter. For example, the origin of the
cultivated mustards has been well explained by Nagaharu in the triangle of U
with each species represented by a distinct letter.

• it has been used in some Genus such as Cucumis to elucidate the molecular
mechanisms involved in diploidization (tendency of polyploids to act as diploids).
In this study, an allotetraploid was induced by hybridization between Cucumis
sativus and Cucumis hystrix followed by chromosome doubling.





(4) Aneuploidy

• Aneuploids are polyploids that contain either an addition or subtraction of one
or more specific chromosome(s) to the total number of chromosomes that
usually make up the ploidy of a species.

• Aneuploids result from the formation of univalents and multivalents during
meiosis of euploids (Acquaah, 2007). For example, several studies have found
that 30-40% of progeny derived from autotetraploid maize are aneuploids. With
no mechanism of dividing univalents equally among daughter cells during
anaphase I, some cells inherit more genetic material than others.

• Similarly, multivalents such as homologous chromosomes may fail to separate
during meiosis leading to unequal migration of chromosomes to opposite poles.
This mechanism is called non-disjunction. These meiotic aberrances result in
plants with reduced vigor. Aneuploids are classified according to the number of
chromosomes gained or lost as shown in Table





COMMON APPLICATIONS OF PLOIDY IN CROP PLANTS
a) Mutation breeding

• High frequencies of chromosome mutations are desirable in modern breeding
techniques, such as tilling, as they provide new sources of variation. The multiallelic
nature of loci in polyploids has many advantages that are useful in breeding.

• The masking of deleterious alleles, that may arise from induced mutation, by their
dominant forms cushions polyploids from lethal conditions often associated with
inbred diploid crops. This concept has been instrumental in the evolution of
polyploids during bottlenecks where there is enforced inbreeding.

• Mutation breeding exploits the concept of gene redundancy and mutation
tolerance in polyploid crop improvement in two ways. First, polyploids are able to
tolerate deleterious allele modifications post-mutation, and secondly, they have
increased mutation frequency because of their large genomes resulting from
duplicated condition of their genes.

• The high mutation frequencies observed with polyploids may be exploited when
trying to induce mutations in diploid cultivars that do not produce enough genetic
variation after a mutagenic treatment. This approach has been used in mutation
breeding of Achimenes sp. (nut orchids) by first forming autotetraploids through
colchicine treatment followed by the application of fast neutrons and X-rays. In this
study, the autotetraploids were found to have 20-40 times higher mutation
frequency than the corresponding diploid cultivar due to the large genome



b)  Seedless fruits

• The seedless trait of triploids has been desirable especially in fruits. Commercial use of
triploid fruits can be found in crops such as watermelons and are produced artificially by
first developing tetraploids which are then crossed with diploid watermelon. In order to
set fruit, the triploid watermelon is crossed with a desirable diploid pollen donor.



(c)Bridge crossing 
• Another breeding strategy that utilizes the reproductive superiority of polyploids

is bridge crossing. When sexual incompatibilities between two species are due to
ploidy levels, transitional crosses can be carried out followed by chromosome
doubling to produce fertile bridge hybrids.

• This method has been used to breed for superior tall fescue grass (F.
arundinacea) from Italian ryegrass (2n=2x=14) and tall fescue (2n=6x=42) by
using meadow grass (Fescue pratensis) as a bridge species. The same principle
has been applied in fixing heterozygosity in hybrids by doubling the
chromosomes in the superior progeny .

(d) Ornamental and forage breeding
• One of the immediate and obvious consequences of polyploidy in plants is an

increase in cell size which in turn leads to enlarged plant organs, a phenomenon
termed gigas effect.

• For example, the volume of tetraploid cells usually is about twice that of their
diploid progenitors. The increase in cell volume however is mainly attributed to
increased water and not biomass. Therefore, its application is limited for
breeding agronomically important crops such as cereals. Although chromosome
doubling may result in significantly larger seeds and increased seed-protein
content in cereal crops, this advantage is offset by low seed set.



(e)Production of apomictic crops
• Most apomictic plants are polyploid but most polyploid plants are not apomictic.

In plants capable of both sexual and asexual reproduction, polyploidy promotes
the latter. Obligate apomicts are the most desired of hybrids but little gain has
been realized towards their development. However, it has been suggested that
obligate apomicts may be induced through development of very high ploidy
plants. An example of an obligate apomict achieved at high ploidy level is the
octoploid of the grass, Themeda triandra.

(f)Disease resistance through aneuploidy
• Aneuploidy has been applied in breeding to develop disease resistant plants

through the addition of an extra chromosome into the progeny genome. An
example is the transfer of leaf rust resistance to Tricum aestivum from Aegilops
umbellulata through backcrossing. In addition, other breeding strategies utilizing
aneuploidy have been explored including chromosome deletion, chromosome
substitution and supernumerary chromosomes.



(g)Industrial applications of polyploidy
• Chromosome doubling is reported to have an apparent effect on many

physiological properties of a plant. The most discernable of these has been the
increase in secondary as well as primary metabolism.

• The resulting increase in secondary metabolites, in some cases by 100%, after
chromosome doubling has been widely exploited in the breeding of narcotic
plants such as Cannabis, Datura and Atropa. In vitro secondary metabolite
production systems that exploit polyploidism have also been developed.

• The production of the antimalarial sesquiterpene artemisinin has been
enhanced six fold by inducing tetraploids of the wild diploid Artemisia annua L.
In addition, commercial synthesis of sex hormones and corticosteroids has
been improved significantly by artificial induction of tetraploids from
diploid Dioscorea zingiberensis, native to China.

• Attempts have been made to improve the production of pyrethrin, a botanical
insecticide, by chromosome doubling of Chrysanthemum cinerariifolium.
Other plants whose production of terpenes has increased following artificial
chromosome doubling include Carum cari, Ocimum
kilmandscharicum and Mentha arvensis. The enhanced production of
secondary metabolites such as alkaloids and terpenes in polyploids may
concurrently offer resistance to pests and pathogens



(B) MUTATION

























ACHIEVEMENTS IN MEDICINAL AND 
AROMATIC PLANTS THROUGH MUTATION 

BREEDING 



Varieties developed through Mutation breeding in Medicinal 
and aromatic plants





(C) HYBRIDIZATION

















Applications of hybridization










