Polyploidy

Most of the plant and animal species are diploid and in their somatic tissues chromosomes are found in pairs. The number of chromosomes in a species normally remains constant. Haploid gametes are produced as a result of meiosis which has half as many chromosomes as the somatic cells and in them each chromosome is represented only once. Fusion of gametes brings together homologous chromosomes from two parents and restores the diploid number. Alternation of haploid and diploid generations occurs in all sexual organisms. The chromosome number is fixed in particular species. Constancy of genetic material through successive generations is essential for maintaining the identity of a species. Variation may occur in the number of chromosomes. Numerical changes in the chromosomes are known as a heteroploidy. 


Variations that involve changes in number are of two types. 

I] Euploidy: Variations that involve entire sets of chromosomes. Euploidy means that the organism should possess one or more full sets of chromosomes. 

II] Aneuploidy: Variations that involve only single chromosomes of a set. Aneuploidy means the presence of chromosome number, which is different than a multiple of the basic chromosome number. 

I] Euploidy: 


Euploidy means organisms have one or more full sets of chromosomes. Let us imagine that 7 is the basic chromosome number in a particular class of individuals where the diploid number is 2n=14. in this case chromosome numbers 2n=7, 21, 28, 35 or 42 would be euploids. The classification of euploids is as follows. 
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Some of the euploid variations are briefly stated as follows: each set of chromosomes is designated by the letter ‘n” and the number refer to the number of sets or the level of ploidy. 


Euploids can be monoploids, diploids or polyploids.
 

	Type
	Numbers of

chromosome stets
	Example

	I] Haploidy (Monoploidy)
	One (n)
	ABC

	II] Diploidy 
	Two (2n)
	AABBCC

	III) Polyploidy
	More than two
	

	     a. Triploidy
	Three (3n)
	AAABBBCCC

	     b. Tetraploidy
	Four (4n)
	AAAABBBBCCCC

	     c. pentaploidy
	Five (5n)
	AAAAABBBBBCCCCC

	     d. Hexaploidy
	Six (6n)
	AAAAAABBBBBBCCCCCC

	     e. Heptaploidy
	Seven (7n)
	AAAAAAABBBBBBBCCCCCCC

	     f. Octaploidy
	Eight (8n)
	AAAAAAAABBBBBBBBCCCCCCCC


A] Haploidy: 


Haploid number of chromosomes is normally fond in gametes of diploid organisms, but some times the whole organism is may be haploid. Lower organisms like bacteria, fungi, are haploid for most of their life and become diploid for only a brief period. Haploidy is common in plants but rare in animals. In haploids each chromosome is represented only once due to which there is no zygotene pairing and all the chromosomes appear as univalent on metaphase plate at the time of meiosis. During anaphase each chromosome moves independently of the other and goes to either of the poles. Thus the gametes with less than haploid set will be formed. Gametes with less than the haploid number of chromosomes are therefore highly sterile. In many plants, such as Nicotiana, Datura, Oryza etc .fully viable haploids can be formed but they turn out to be sterile because meiosis produces inviable gametes. 

Morphology: Haploids are characterized morphologically by a reduction in size of all vegetative and floral parts. Only rarely a haploid may equal or exceed the diploid in size. When haploids were studied in Nicotiana, it was found that the leaves, flowers and overall plant size and pollen diameter were also generally smaller in haploids than in the diploids. Nucleus is also small. 

Uses of Haploids: When a chromosome number of a haploid is doubled by colchicines tratmetn, the derived diploid will be completely homozygous for all genes. So that the most important use of haploids is in the production of homozygous diplids. And example of its commercial expoitaiton is the production of “morglobe” tomato, which is a doubled haploid. A barley variety “Mingo” resulting from doubled haplids has alos been produced and released, in Canada. Maheshwari and Guha (1966) were successful in obtaining haploid plants of tobacco by culturing anthers on wuitable media. Chemical induction of haploidy in higher plants, if successful on a large scale will be very useful tool in the hands of plant breeders. 

B] Polyploidy: 
In polyploid cells  and organisms the number of chromosome sets exceeds that of the diploid. Depending upon the number of sets polyplids can be classified as triploids, tetraploids, pentaploids etc. Diploid human cells have 46 chromosomes each, but in cancer cells this number may reach 100 or more due to abnormal divisions. Polyploid cells, tissues are very common in plants. Endosperm nuclei are generally triploid because of triple fusion. 

* Causes of Polyploidy : A faulty cell division may result in the number of chromosome variation. This leads t opolyploidy. The common causes of polyploidy among the sexual organisms are: 

i. Fertilization of an egg by more than one sperm.

ii. Failure of mitosis that doubles the number of somatic chromosomes in a sex organ, there by changing the number of gametic chromosomes.

iii. Failure in meiosis that produces a diploid gamete. 

iv. Failure of nomal mitotic dividions in a sexual organism may alos produce nuclei with double sets of chromosomes. 

* Origin and Induction of Polyploidy: 

i. Failure of normal mitotic divisions results into nuclei with increased sets of chromosomes. During mitosis in a diploid somatic cell, if the chromosomes duplicate and divide but cytokinesis fails to occur, a tetraploid cell arises. Organs and branches that develop from such a tissue are tetraploid and fowers borne on such brnches produce di;oid gamets. A doubling of the number of somatic chromosomes in a sex organ results into a doubling of the nuber of gametic chromosomes. A fusion of diploid gametes produces a tetraploid individual. A fusion of dip;oid and a haploid gamete results into a triploid individual. 


Even abnormal meiosis may result in to a diploid gamente instead of haploid in a diploid organism. A polyploidy can alos occur if an egg is fertilized by more than one male gametes.

ii. Polyploidy can be induced with the hekp of chemicals, by giving temperature shocks or by causing mechanical injuries to tissues. in tomato plants disorganized cell division, occurs at cut ends of stem and a callus tissue develops. Most of the cells in such a tissue are tetraploid, rater than diploid. About 7% of the branches developed from such a tissue are polyploids, similarly octaploid branches can be developed on tetraploid tissues. 

In plants like Maize, polyploidy can be induced by temperature shocks which disorganize cytokinesis (cell plate formation). Tissues developed from polyploid cells are polyploids. In maize short pulses of high temperature are necessary for inducing polyploidy. In other organisms short pulses at low termperature are required for this purpose. 


Chemiscals like indol acetic acid (IAA) induce cell division in non-merstematic cells, thereby inducing polyploidy. If the rate of nuclear division is increased, polyploid cells arise because cell wall synthesis, which is responsible for cytokinesis, is not able t ocope with the increased division rate of the nucleus. When the roots of legume plants are infected with nitrogen fixing bacteria like Rhizobium, the level of IAA increases in cortical cells and this causes polyploidy. 


Chemicals like Colchicine and acenapthene are believed to interfere with spindle formation and thus induce polyploidy. If onion bulbs are allowed to root formation in a 0.05% aqueous solution of Colchicine, some cells show polyploidy and if Colchicine treatment is continued, as many as 1000 chromosomes can be found in a cell. As colchicines prevents the formation and organization ofspindle fibres, the metaphase chromosomes of affected cells do not move to metaphase plante and remain scattered in the cytoplasm. Even cytokinesis is prevented and with duplication of chromosomes their number gows on increasing. Now a days colchicines is one of he most widely used chemicals for induction of polyploidy. Once a polyplid cell is formed, its normal division gives reise to polyploid tissue, branch, flowers, fruits, seeds etc .and a polyploid variety is established. 

3. Types of Polyploidy: 


Depending on whether polyploids are produced by the multiplication of chromosomes sets that are initially derived from a single species or from two different species; they are of two types: Autopolyploids and allopolyploids.

A] Autopolyploids: 


In autopolyploids there is “self” (auto) increase in ploidy. Autopolyploidy arise by increase or the duplication of the same genome. For example, if one set of chromosomes of a species is represented by the letter A the diploid will have the constitution AA, whereas an autotriploid derived from this will be AAA and the corresponding autotetraploid will be AAAA. The artificial induction, by treatment with colchicines, has resulted in the production of many autopolyploids in large number of species. Many of the common plants like maize, rice, cotton, and chrysanthemum are autopolyploids. The autopolyploids occur as triploids or tetraploids. 

I.
Auttriploids: Autotriuploids were first reported in Oenotherea. They have now been reported in many crop plants like rice, millets and mustard, in nature the autontriploids arise either by fusion of two male gametes with haploid female gamete or by the fusion of haploid pollen with the diploid egg during the process of fertilization. The hap lid egg may be fertilized twice to form triploid zygote. The cross between tetraploid and diploid would also give rise to triploids. 


The triploids can be considered as numerical hybrids. Abnormalalities occur during meiosis is them and hence functional gametes are seldom formed in them. Because of abnormalities the triploids are generally sterile. The infertility in the triploids increases with the increases in chromosome number of basic set. For example, the fertility as determined by the seed germination, in Zea mays (X = 10) was 5.3% s compared to Datura stromanium (X=12), where it was 4.1% and Pyrus mallus (X=17) 1.4%. 


The triploids can however, reproduce by asexual methods. Many triploid varieties of apple and pears are perpetuated by vegetative methods, grafting and budding. They maintain their desired characters. Many of he triploid grasses, vegetables and garden flower varieties of the plants are not good, as stable as their diploid relatives. Because of the presence of more vigor in the triploids, they have a better chance of survival than their diploid counter parts, provided they could reproduce themselves by an asexual mode. 

II. 
Autotetraploids: In autotetraploids genome is represented four times (AAAA). The chromosome make-up is double than that of diploids but inhertance is more complicated. The autotetraploids were produced in snapdrogaon by artificial induction by colchicines treatment. The tetraploid races of plum strawberry, tomato and Datura have been recognized. Autotetraploids have been induced in species of Gossypium, G. arborium and G. herbaceum. But these have been induced in species 


As in triploids, there is tendency towards irregular meiosis in etraploids. Three chromosomes may go to one pole and one chromosome to the other. Hence pollen grins amy be haploid to triploid. So the genetic imbalance, followed by infertility, may creep in during meiosis. 


Autotetraploids usually differ from their diploid relatives in phenotypic characters. The tetraploids are more robust, tall, have more thick stems and large leaves of more dark green in coloure. The reproductive parts like flower, fruits and seeds are also larger. The cells and nuclei of tetraploids are larger. The variation also occurs in the size of the stomata and epidermal cells. 


The physiological characters of tetraploids are alos somewhat different than the diploids. Their development is slow through they are more harder. The vitamin ‘C’ content of tetraploid tomatoes was found to be almost double than the diploids. Similarly nicotine content of tetraploid tobacco was double than in the diploids. 


Autotetraploids posses low fertility. Tetraploidy has been exploited in the production of cereals like rye, ornamental flowers and fruits like grapes, apples etc. tetraploids appear t obe more adjusted to grow in variety of habitats than the diploids. 

b. Allopolypoids or Amphipoids: 


Allotetraploid arises as a result of multiplication of the chromosomes of a hybrid between two different species. If the diploid set of chromosomes of one species is AA and of the other is BB, the chromosomal constitution of the hybrid will be AB, the duplication of which gives rise to an allotetraploid. 
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Allopolyploids are quite common in nature. Many species of maize, potato, sugercane, banana, tobacco, apple, pear, rose, Dalhia and garden lilies are allopolyploids. 


Allopolyploidy represents a method of immediate origin of polyploid species in nature. Allopolypoids are complex in nature than the autopolyploids. They have been produced by the hybridization between the related and unrelated species. They may belong to different sections, sub-genera or even variety. 

Example of Allopolyploids: 

i) Raphanobrassica – is a classical example of allopolyploidy. Karpechenko (1927) reported a cross between Rphanus sativus (2n=18) and Brassica oleracea (2n+18) to produce F1 hybrid which ws completely sterile. The F1 hybrid has 18 
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(2n= 36)

Chromosomes, a each from Brassica and Raphanus. The hybrid was sterile because of very little homology between the chromosomes, of the two different parents. The normal gametes in F1 could not be formed. He synthesized Raphonobrassica by doubling the chromosome compliment of a sterile hybrid cytological analysis revealed that Raphanobrassica possed 36 chromosomes 18 of R. sativus type and 18 of B. oleracea type. Meiosis in the new species was normal. 

ii. Gossypium hirsutum – is another interesting example of allopolyploidy old world cotton (G. herbaceum) has 13 pairs of large chromosomes, while American or “upland cotton” (G. reimondii) has 13 pairs of smaller chromosomes. The New World cotton (G. hirsutum), the cultivated long staple type has 26 pairs of chromosomes, 13 large and 13 small. J. O. Beasly crossed the American and Old World cottons and doubled the chromosome number in the F1 hybrids. The allotetraploid thus produced resembled the cultivated New World cotton and when crossed with it gave fertile F1 hybrids. 
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The evidence presented above, thus showed that New World Cotton, cultivated G. hirsutum (allotetraploid) originated from two diploid species namely G. herbaceum (2n=26) nad G. raimondii (2n=26). 

Role of Polyploidy in Evolution: 


A wide occurance of Polyploidy in nature indicates that it has played a significant role in the origin and evolution of new species. 


In combination with hybridization the Polyploidy provides a mechanism for the sudden origin of new species. This role Polyploidy has played in the evolution of many plant groups. It has generally accepted that Polyploidy has particularly played a dominant role in making angiosperms, the successful flora of the world. The different lines of evolution in them have been directed by hybirdization and Polyploidy, through ecological and soil changes. 


Many evidences indicate that the new plants have been arising from natural hybridization and doubling o the chromosomes. It is the polyplidy that has given  the hybrids their fertility and power of survival, the normal hybrids are otherwise sterile. Polyplidy, in a way, has fixed plants in time. The examples are found in many species os Nicotiana, Oryza sativa, Spartinia etc. 


The analysis of new species Raphono brassica by Karpachenko can be considered as an experimental varification of the hypothesis, that Polyploidy has played a role in evolution. Now several synthetic forms of the species that exist in nature, have been formed. 


Allopolyploidy has played a more important and definite role in the evolution than the autopolyploidy. Many cultivated plans have their origin in allopolyploidy. 


After the evolution of species, their geographical distribution is influence by newly developed physiological systems. In Germany there is more progressive distribution of the polyploids from south to the north. It is found that polyploids are more resistant to cold. However, polypoids tend to grow in different habitats than the dipoids. The polyploids posses a wide range of tolerance. 


Maintaining that Polyploidy has been an important tool in the evolution of new species, the sequences suggested by swanson is 
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