HISTORY OF HETEROSIS CONCEPT

  HETEROSIS 


The term heterosis, refers to the phenomenon in which the F1population obtained by the crossing of the two genetically dissimilar gametes or individuals which shows increased or decreased vigour over the better parent or over the mid-parental value. 
         Shull (1914) referred to this phenomenon as the stimulus of heterozygous and in his words it has been the “interpretation of increased vigour, size, fruit fullness, speed of development, resistance to diseases and insect pests or to the climatic rigours of any kind manifested by the out breeding organisms as compared with the corresponding inbreds as a specific result of the unlikeliness in the constitution of the uniting parental gametes.”
      It is now widely recognised that this phenomenon is the result of the action and interaction of the unlike gametes in the heterozygote (Aa) and the heterosis is only the better or worse than expected manifestation of this biological behaviour of the hybrid.

GENERAL FEATURES OF HETEROSIS

i. Heterosis is a widely occuring biological phenomenon in both the plants and animal species. In plants, it has been reported to occur more frequently in a number of naturally cross pollinated crop species, as compared to the self pollinated ones.

ii. It is a built-in evolutionary mechanism in an organism, which favours the better survival of the heterozygotes in nature.  It permits and protects a number of recessive genes from being eliminated under natural conditions in the outbreeding organisms.

iii. In a particular crop or animal species, it is usually observed that not all the hybrids show heterosis but is exhibited by only a few and the specific ones.

iv. Heterotic crosses usually show increase in size, vigour, seed producing capability, usually better resistance to insect pests or diseases, increased metabolic activity and better stability and thus ultimately result in the better performance of the hybrids than the parents. 
              Usually, these hybrids show better fitness and breeding value as compared to the parents which are utilized in the hybridization programme.

v. This phenomenon is confined only to the specific F1 or the first hybrid generation and considerably diminishes in the F2 and the later segregation generations.  This reduction in the performance in later generations is because of the breakdown of specific gene combination building up the expression of heterosis.

vi. It has been a common observation that the expression of heterosis is usually more in the hybrids obtained from the genetically diverse or unrelated lines than those from the genetically related lines.  The expression of heterosis in a crop species is due to 1) some degree of genetic diversity, 2) heterozygosity and or 3) dominance exists in the parents with respect to the character or characters in which this phenomenon has been expressed.

vii. In terms of combining ability for quantitative characters, the expression of heterosis is highly associated with the specific combining ability of a cross.

viii. Heterosis is usually unfixable from generation to generation as the heterozygote is confined to F1population only.  But some natural contrivances which favour or preserve the heterozygote condition from generation to generation could fix it.  Some such mechanisms in nature are the existence of homozygous lethal factors, balanced heterozygotes, apomixis or the use of vegetative reproduction.

ix. In the cultivated crop plants, this phenomenon has been adequately reported in crops like maize, sorghum, bajra, brinjal, brassica, onion, tobacco, tomato, wheat, barley, rice, castor, cotton, sunflower, sugarbeet, raddish, carrot, cucumber, squashes, grasses, legumes, etc. and has been commercially utilized in crops like, maize, onion, bajra, sorghum, sugarbeet, tomato, etc.

x. In the case of the insects, birds and other animals, it has been frequently observed and reported in silkworm, fruit fly, doves, poultry, turkey, swine, sheep, cattle, etc. and has been commercially exploited in the case of poultry, swine, etc. 

TYPES OF HETEROSIS


Depending upon the nature of the origin, adaptability, reproducibility and non-reproducibility, heterosis could be classified into different types.

1. Heterobeltiosis

This term was suggested by Bitzer et al., (1968) and Fonseca and Patterson (1968) to describe the increased performance of the hybrid over the better parent
2. Euheterosis

Dobzhansky (1950) considered true heterosis only when the hybrid possessed higher fitness than the parents and suggested this term for this true heterosis.

3. Luxuriance

This term was also suggested by Dobzhanksy (1950) to represent the special case when the hybrid exhibited extreme heterosis for most of the morphological characters but the hybrid was adaptively inferior i.e. there was absence of heterosis for fitness.
4. Positive and Negative heterosis


These two terms came into being only when Powers (1944) and Stern (1948) extended the heterosis concept to include inferiority of the hybrid in relation to the parents. 
     Powers (1944) found in tomato crosses, the F1 hybrid possessing lower number of locules than either of the two parents.  He considered this inferior expression of the hybrid also as a manifestation of heterosis and termed it ‘negative heterosis’.  The superior expression of the hybrid was termed as ‘positive heterosis’ which may be considered to correspond with hybrid vigour.  

The following terms have been given by Mac Key (1976) under his modern concept of heterosis:

1. Selective heterosis

As Mac Key used this term to represent heterosis for competitive ability, its usage was restricted to studies of populations.  It takes into consideration the phenotypic reaction of the individual and not the expression in any single character as such.

2. Adaptive heterosis 


It is used to represent heterosis for adaptability i.e. increased fitness of the hybrid. 

3. Luxuriant heterosis


This term has been used to represent increased vigour in size, yield etc. but does not include fitness as the main criterion for its nomenclature.  It is restricted to evaluation of one or a few characteristics.

4. Labile heterosis


 It is based on transmissibility through sexual phase.  Heterosis under heterozygous genetic situation breaks down in subsequent generations and is not fixable.  Such heterosis has been termed as labile heterosis.

5. Fixed heterosis


Heterosis which can be fixed by various mechanisms has been classified under fixed heterosis.

MEASUREMENT OF HETEROSIS


In a particular cross, heterosis is usually measured in terms of two parameters, namely (i) heterosis over the mid-parental (MP) value, and (ii) heterosis over the better parent (BP) and over the check variety.  For commercial exploitation, this value is, perhaps, the most important one.  The procedures for the estimation of these values are as follows:

i. Heterosis over the mid-parental value (Relative heterosis)

      F1 – MP 

=    ------------ X 100

           MP



Where, F1 and MP are the average performance of the F1 and the mid 
                         parental values respectively.

ii. Heterosis over the better parent (Heterobeltiosis). Heterobeltiosis was coined by Fonseca and Patterson (1968)
       F1 – BP 

=    ------------ X 100

         BP


Where BP is the average performance of the better parent

iii. Heterosis over the check parent (Standard heterosis)

    F1 – Check variety

=   ------------  
X 100

      Check variety


Where check variety denotes its average performance

MECHANISMS PROMOTING HYBRIDITY

Following are some of the mechanisms promoting hybridity:

1. Mating system:- 


Monoecism, dioecism, incompatibility mechanisms, heterostyly in flowers, homo-thallism and heterothallism in fungi, male sterility and other devices precluding inbreeding are promoted cross pollination.
2. Chromosome mechanisms:-

Special chromosomal configuration like gauden velan in Oenothera and inversion heterozygotes in Drosophila gives permanent hybridity
3. Genetic mechanisms:- 


Greater survival value of heterozygotes, genetic polymorphism, overdominant loci bestowing higher adaptive value to heterozygotes and balanced euheterosis would maintain 

hybridity.
HISTORY 


A glimpse of the major milestones in the development of the heterosis concept and to usefulness as a breeding tool can be discussed in three different situations.  

1. Early concepts on inbreeding, outbreeding and the expression of heterosis (i.e.   upto 1900).

2. The contributions of Shull and East (1905 – 12), and

3. The later developments in the heterosis breeding methodology

1. Early concepts on inbreeding, outbreeding and the expression heterosis

Human beings 


Inbreeding and outbreeding are the two systems of matings involved in the sexual reproduction of the plants as well as the animal species.  Each one of these species biologically adjusts to its favoured system of mating in its biosphere and naturally discards the unwanted other. 

The recorded history in the old testaments, religious history books amply reveals that the inbreeding, though rather rare in human beings and animals, was considered to be desirable and was usually practiced for saving the purity of the blood in the cases of ruling monarchs, kings, queens and also for some times for the reasons of saving the property from being lost by the family.  The ancestry of Christian and Greek Gods and Goddesses is filled with such stories of inbreeding.  It was, however, also invariably practiced for the breeding of noble and rare horses.  

Inbreeding was more or less a compulsion in the life of the islands isolated by the vast deep seas, etc.  But most of the conventional practices of inbreeding diminished considerably with the realization of their ill effects, i.e. with the reduction of the vigour, size and the production of sterile individuals and ultimately for the reasons of the psychological detractions in human and animal species.  The Hindu religion has been ad vocative of the distant marriages for the production of better progenies and the whole system has been based on the union of rather distant individuals.  Even today, it forbids the close inbreeding by religious beliefs and customs.

Plants 


For the first time in the recorded history, man could lay his hands on the plants for the genetic manipulations only after the discovery of the sexes in 1694 by Camerarius who found out that like animals, plants too have the male and female organs and their reproduction follows in a well planned systematized order.  

For the first time in 1719, Fairchild attempted the artificial plant hybridization.  He produced a number of hybrids, which combined the characters of both the male and female parent. 
 Kolreuter in 1761 – 1766, for the first time, reported the existence of hybrid vigour in the hybrids of Nicotiana, Dianthus, Mirabilis, Datura and other genera.  He also described the contrivances of the floral structures which led to cross pollination and thus resulted in cross breeding.  

In 1799, Andrew Knight gave his Principle of Anti-inbreeding and described hybrid vigour as normal consequences of crossing varieties. Several others also observed this phenomenon of increased vigour following crossing .Notably among them was Sagaret (1826), Berthollet (1827) and Lecoq (1845). Naudin (1865) who noticed hybrid vigour in 24 interspecific crosses in 11 different genera.

Later Beal (1880) published his results of varietal hybridization in maize and noted the increased vigour in F1. By crossing two varieties with contrasting characters, he was able to increase yield by 51% over the parents. 

Even Mendel (1865) noticed the presence of hybrid vigour in some of the pea hybrids but he attributed it to the phenomenon of luxuriance.  In an 1849 summary of Gartner’s quarter century of plant hybridization, he was credited with 10,000 crosses in 700 species and 80 genera from which he obtained 250 hybrids.  Many of the F1 obtained in these crosses were vigorous.  Knight in 1823 for the first time established that male and female parents make equal contribution to F1 offspring and the segregation occurs in F2 generation.  

Darwin in 1876 in his book “The effect of cross and self fertilization in the Vegetable Kingdom” reported that the individuals obtained by out-crossing were generally more vigorous and good for better survival and had indicated that the cross pollination is generally beneficial and the self pollination is usually injurious in such crops.
 Much before the detailed theories of out breeding were discovered, it was observed that the plucking of date palm inflorescences from one plant and dusting its pollen on the other was  beneficial for the productivity of the palms and, therefore, wherever palms were cultivated, it was done almost ceremonially.


A pre-Mendelian explanation of hybrid vigour was given by Johnson (1891) who stated that crossing usually gave better offsprings than inbreeding. He suggested that in inbreeding, both the parents were likely to possess by inheritance the same imperfections, which were thus intensified in the progeny, while in crossing the parents usually have different imperfections, which compensate each other in the immediate progeny. 

The most exciting advance in the heterosis breeding, however, came in with the classical work of Shull and East (1905 – 12), with their experiments on inbreeding and outbreeding in maize.

b. Contributions of Shull and East (1905 – 12)


Shull initially started his genetic studies on Oenothera (evening primroses) and later tried his views on maize and sunflower as well to draw broad and valid conclusions.  In maize, he started his original experiment from the individual grains obtained from the four individual plants of the variety Leaming Dent at Carneigie Institute.  He selfed a number of open pollinated ears and carefully maintained their pedigree and grew them at more than one location.  East made similar investigation in maize.  The major findings of their work on inbreeding and outbreeding which formed the base for the heterosis breeding later, emerged to be as follows:

i. As a consequence of inbreeding, there is reduction in the size and vigour of the lines.  Each successive generation of close inbreeding still brings in the further reduction in the vigour as compared to the parental lines.

ii. As a consequence of crossing between the weak but uniform lines, there is a restoration of the vigour which was lost during the successive generations of inbreeding accumulated over a period of several years. 
The range of yield (bu/acre) of the various types of pollinations (After Shull 1952)

	Types of pollinations
	No. of families
	Yield (bu/acre)

	
	
	Range
	Average

	1. Selfings
	12
	18.8 – 41.2
	32.8

	2. Use of mixed pollen grains
	12
	58.1 – 83.3
	73.3

	3. F1 crosses
	14
	60.3 – 87.3
	78.6



It was noticed that the restoration of vigour in F1 or upon crossing often exceeds the total deterioration accumulated over a number of years.  Shull called it to be occuring because of the stimulus of heterozygosis.

iii. The yield data obtained from the reciprocal crosses were observed to be more or less equal and indicated that this increase in the performance of the F1 crosses comes as a consequence of genes and not that of the cytoplasm.

iv. This increase in F1 performance was observed to be stable, wide occuring and could be satisfactorily reproduced over years and locations.

v. Production of the F2, F 3, etc. from F1indicated that there is decline in yield from F1 to F2 and the later generations.  This reduction from F1 to F2 and F3 in maize was observed to be 79.4 to 50.2 to 24.2 percent respectively (Shull, 1952).

Shull noticed and got the convincing proofs of the similar phenomenon in Oenothera and Sunflower as well.  The heterotic effect in sunflower with respect to height was observed to be much pronounced as by crossing the prairie sunflower stocks with Russian variety which was six feet each in height, the F1 was as high as 14 feet.  At Gottingen in Germany, while discussing the results of his maize investigations conducted upto 1912, in one of his lectures he proposed the term “heterosis” to replace the phrase “Stimulus of heterozygosis”.

c. Later development in heterosis breeding methodology


Though the presence of hybrid vigour in maize was reported in 1910, but it was not commercially utilized till 1918- 19, until the double cross plan was suggested by Jones (1918).  Jones (1918) demonstrated that the hybrid seed could be obtained cheaply and commercially from the double cross seeds.  In terms of performance, the double crosses yield as much as that of the single crosses.  Therefore, apparently there would not be any yield loss by growing the double crosses for commercial cultivation.


The first commercial maize hybrid produces was Burr-Leaming Dent hybrid.  It was produced by Jones in 1917 and was first distributed for commercial cultivation in 1922.  The major contribution to the heterosis breeding methodology during 1920 – 1940 resulted from the discovery of male sterility in maize and its commercial exploitation in the hybrid seed production of Onion, discovery and the demonstration of the use of top cross for large scale screening and testing of inbred lines for general combing ability, and the prediction of performance of double cross hybrids from single crosses data (Jenkins, 1934). 
       For the genetic improvement of cross pollinated populations, poly-cross technique, Gametic selection and recurrent selection for specific combining ability (Hull, 1945) were developed.  In 1949, Chase outlined the use of monoploids to obtain completely homozygous inbred lines in maize.  He deviced a good screening technique for quick identification of monoploids through the use of marker genes.


In India with the inception of All India Coordinated Projects, heterosis breeding, especially with reference to maize, bajra and sorghum made a considerable impact on yields in these crop areas.  The first of its kind was initiated in maize in 1957.  Excellent germplasm resources geared in the multi-locational breeding programme and an intensive research effort was perhaps responsible for the release of 4 maize double hybrids (Ganga 1, Ganga 101, Ranjit, Deccan) in 1961 just in a span of 4 years times after the initiation of the project.  Later addition in this group has been the Ganga Safed Hybrid Makka No.2, Ganga 3, Ganga 5, Ganga 7, Hi-starch, etc.  With the availability of exotic sources of male sterile lines, five promising single cross hybrids have also been released in Bajra (HB –1, HB –2, HB –3, HB –4 and HB –5) and three in sorghum (CSH –1, CSH –2 and CSH –4).

The work of Dhawan and his associate at the I.A.R.I. (1960-68) has clearly demonstrated that for a country like India, a partial utilization of heterosis in terms of breeding for composite varieties has as good possibilities as that of the double cross hybrid maize breeding programme.


Recently heterosis breeding is being extended to newer and non conventional areas of research. One such breeding is the extension of heterosis breeding to predominantly self pollinated crops. 


One such good example is hybrid rice. Research on hybrid rice was first started in China during 1964. China released first rice hybrid Nar You No. 2 in 1974. In Tamil Nadu, hybrid rice research was strengthened since 1989 and first hybrid rice CORH 1 was released during 1994. Later two more hybrids CORH 2(IR 58025 A / C20R) and ADTRH 1 (IR58025A / IR 66R) were released during 1998. In India so far 15 rice hybrids have been released. Pusa rice hybrid (RH-10) was a basmati based quality rice hybrid released from IARI during 2001. 


In pigeonpea, genetic male sterility was identified during 1970’s. The first pigeonpea hybrid ICPH 8 was released from ICRISAT during 1991. Two pigeonpea hybrids COPH 1 and COPH 2 were released from TNAU, Coimbatore during 1994 and 1997 respectively.


Now tissue culture and molecular techniques like haploid induction, doubled haploids, embryo rescue somatic hybridization and marker aided selection are being utilised as tools in heterosis breeding programmes. 

The molecular approach through biotechnology has emerged as yet another source of development of hybrids after identification of recombinanse gene. The identification of precise exchange of DNA sequences between chromosomal and newly introduced DNA molecules during 1995 made the hope for this approach. This approach is in primitive stage. 

The food production has to be necessarily increased to feed the alarming rate of increasing population. Hybrid technology has to play a major role in increasing the food production. It is the responsibility and opportunity of the plant breeders to utilize the heterosis breeding in crop plants towards the national development. 

THRUST AREAS IN HETEROSIS BREEDING

· Diversification of male sterile lines 

· Improvement of inbreds

· Standardization of hybrid seed production 

· Applying molecular techniques 
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