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Introduction and definition: 


It is generally assumed that a gene has two alternative forms called alleles. Usually, one of the two alleles of a gene is dominant over the other, which is recessive. The two alleles of a gene determine the two contrasting forms of a single character. E.g. round and wrinkled seed shapes in pea. But in many cases, several alleles of a single gene are known, each governing a distinct form of the concerned trait. Such a situation is known as multiple allelism, and the many alleles of a single gene are called multiple alleles. In the case of multiple alleles, only the monohybrid ratio is observed in the F2 generation. 

Many genes in both prokaryotes and eukaryotes (both plants and animals) show multiple alleles. Some examples of such genes are 

1. human ABO,

2. Rh and 

3. other blood groups

4. human hemoglobin
5. self-incompatibility in plants

6. fur colour in rabbits and other mammals

7. white eye (w), 

8. rosy eye (ry)

9. lozenze eye (lz) colour genes of Drosophila. 

10. Notched wing (N) locus of Drosophila

11. Waxy (wx) gene of maize etc. These are only some of the genes that show multiple alleles. It is believed that most (or even all) of the genes have multiple alleles. 
Eye-colour in Drosophila: 


T. H. Morgan (1909) a geneticist, discovered a mutant white eyed fly among a population of red eyed flies of Drosophila melanogaster. This colour originated as a mutant in the X chromosome. Subsequently several mutations have been identified in the same locus all affecting the eye colour. To date, between the wild red eye and the mutant white about 10 variants have been reported. These are sequential mutations, with the individual gene becoming more and more recessive with every mutation. The table below gives these series of mutations in the decreasing order of dominance. 
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The wild allele R is dominant over all others and the mutant of the lowest order r is recessive to all others. 

Blood groups in Man: 


Blood can be transfused from one individual to the other in case of emergency. Blood transfusions were tried as early as 18th century in England and France. But some cases were successful and in some instances the recipient died soon after transfusion. On testing it was noticed that the blood had coagulated or clumped. However this did not happen in all instances. In some instances the blood of two individuals mixed smoothly. It was Karl Landsteiner who in 1900 found the reason behind clumping or smooth mixing. He noticed that the plasma and red blood cells (RBC) of a person when recombined after separation mixed smoothly so also blood from some persons. But in certain other instances the plasma and the RBC did not mix, the RBC clumped. Landsteiner worked in detail on this and concluded that the mixing or clumping depends on the antigen and antibody reaction present in the blood. He discovered that there are two antigens in the blood. A and B and two serum antibodies that clump or agglutinate them. Correspondingly the blood of all human beings could be classified into four types bases on the antigen present in the RBC. 
These are s

1. Antigen A


- 
Blood group 
A
2. Antigen B


- 
Blood group
B

3. Both Antigen A & B
-
Blood group AB

4. No Antigen


- 
Blood group
O
Antigen-antibody reaction: [Blood is a connective tissue in fluid form. It has two main parts –cells and plasma. The cells are RBC, WBC and platelets. The plasma consists of protein, fibrinogen and the serum.]


When the serum is injected into the blood stream of another organism, a substance is produced in the blood which reacts with the serum protein and neutralizes it. The substance produced by the blood cell is known as antibody and the protein in the serum which causes the production of antibody is called antigen. Antibody is also called Agglutinin (because it agglutinates) and antigen is also called Agglutinogen (because it causes agglutination). The reaction between antibody and antigen is very specific and is often compared to the lock and key mechanism. 

Landsteiner discovered A,B and O blood groups. His students Von Decastello and Sturii discover the AB groups. Besides these, scientific investigations have also proved the existence of two other blood groups. Viz. MN blood groups and Rh factor. 
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A, B, AB and O groups: In these blood groups, some of them contain natural antibodies against certain other. It has been pointed out already, there are two antigens (Agglutinogen) A and B and there are two antibodies (agglutinin) A and B. Persons of blood group A contain within the serum of their blood an antibody which agglutinates RBC of blood group B. Group B serum has antibody against A. he AB group serum however ahs no antibodies while O groups has both antibodies for A and B. Hence O group cannot receive blood form any group except itself. But it has no antigens and can be give to any other group it does not cause the production of antibodies in blood types. The following table gives the antibody and antigens of various blood groups. 
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During blood transfusion if the donor’s blood has antigens for the recipient, it will harm the individual if the recipient’s blood has antibodies for the donor’s blood. For e.g. A person with O group has antibodies for both A and B and cannot receive blood from either because the antigens in A and B cause the production of more antibodies and the serum of O agglutinates RBC of both A and B. Hence O group can be given to all others because it has not antigen for A and B. Hence when it is injected to other groups, it does not cause the production of antibodies in the serum of the recipient and hence no agglutination takes place. This is the reason why O group is known as the Universal donor. In the same way AB group is known as Universal recipient.
The table below gives the antigen antibody reactions in different blood groups
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Self incompatibility in plants:


In bisexual flower, self pollination is more likely than cross pollination as both male and female gametes are in the vicinity. But in many instances, even though the gametes (male and female) produced by “the plants are both functional, fertilization fails to take place either due to failure of pollen to geminate on the stigma or the pollen tube growth is extremely slow. Such a condition where the gametes of the same flower fail to fuse is known as self incompatibility or self sterility. 

Nicotina, a member of the family Solanaceae is a typical example of self incompatibility. 

Two types of self incompatibility have been noticed in flowering plants. These are Gametophyte self incompatibility (GSI) and Sporophytic self incompatibility (SSI). GSI ahs been reported in families like Liliaceae, Gramineae, Solanaceae etc. while SSI is founding families Cruciferae, Compositae etc. 
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East observed that multiple alleles are responsible for self incompatibility. He and Mnaglesdor (1925) explained the genetic basis of self incompatibility. According to them the wild gene for self incompatibility can be designated as S gene, which has undergone a series of mutations producing the allelic series S1, S2, S3, S4, S5  etc,. In GSI suppose a plant is of the S1S2  genotype its pollen will have either S1, or  S2 gene. Hence it would not germinate on a pistil with S1, or  S2  because similarity of genes would bring about incompatibility. Fertilization would take place if the pollen grains carrying either S1, or  S2  gene fall on SD3,S4  pistil. In the cases of SSI the pollen should not carry even a single gene that is similar to the female parent. If the male parent has the Genotype S1S2, the pollen carrying this can only pollinate a stigma where both S1S2 should be absent. For e.g. A combination of S1S2, S1S3, S2S3, S1S4, S2S4 etc. are self-incompatible because of the repetition of the same gene. If the female parent has S3S4, S3S5  etc. pollination is possible. Plants with bisexual flowers are known to have an extremely large multiple allelic series in order to highly restrict mating and to have very few selective mates. In some instances a multiple series is known to have a many as 40 alleles. The following table gives the possible mating chances and the genotypes of the offspring in a multiple allelic series having S1S2 and S3 in both male and female. 
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Table showing successful mating of genotypes in self incompatible plants
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