INBREEDING AND OUT BREEDING IN THE DEVELOPMENT OF MODERN HETEROSIS CONCEPTS
V. Muralidharan, 

Department of Oilseeds, CPBG, TNAU, Coimbatore - 3 

INTRODUCTION


In general, plants and animals usually have two systems of mating namely, inbreeding and outbreeding. These terms are used to describe whether within a line of descent, there are ten or many common ancestors. Outbreeding describes mating between individuals not closely related.  Inbreeding, the anti-thesis of out breeding, means, mating together of individuals that are closely related by common ancestry. These definitions indicate that inbreeding and out breeding as concepts must be understood in relative sense rather than absolute sense. 


It is thus evident that there may be various grades inbreeding depending up on the closeness of the relationship varying from self-fertilization in many plants and a few animals through brother sister and mating, to the mating of distance cousins. Inbreeding, therefore can be defined at two levels; one, based on the mating system with reference to close relationship of mating individuals and the other at the genic level, in which case, the genes passed down to the progeny are the replicates of the same given the parents or not. 

INBREEDING 


Inbreeding means mating together of individuals that are closely related by common ancestry. When we say individuals with common ancestry, we mean that they may both carry replicates of one of the genes present in the ancestor, and when they mate, they pass on these replicates to their off-spring. Thus, off springs produced by inbreeding may carry two alleles at a locus that are replicates of one and the same gene in a previous generation. 

a) Alike in state


Two genes are regarded as being identical if they are functionally same ie. they 
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cannot be separated in their phenotypic effects. In other words, they have the same allelic state, individual carrying a pair of such alike in state genes (also called independent genes because the genes may have independent origin but are functionally same) is called independent homozygote. 

b) Identical by descent 


It means identity due to replication. If two genes originated from the replication of the same gene in the previous generation, they are said to be identical by descent and the individual carrying two such identical genes at a locus is called identical homozygote. 

Coefficient of inbreeding 


This measures the degree of relationship between mating individuals. It has been defined in various ways by different authors. Wright (1922) first defined it as the correlation between uniting gametes and represented it as F. Following Male’cot (1948) and Crow (1954), inbreeding coefficient may be defined as the probability that the two genes at any one locus in an individual are identical by descent. Thus, it refers to an individual expressing the degree of relationship between its parents. If the parents mated at random, then the coefficient of inbreeding of the progeny is the probability that two gametes taken at random from the parent generation carry identical genes at a locus.


As we know that inbreeding leads to homozygosity, inbreeding coefficient, therefore, is a measure of the proportion by which heterozygosity has been reduced by inbreeding. 


If an individual is inbred, its parents must have been related; if they are related then they must have one or more ancestors in common. An inbred individual, on an average, is more homozygous as it is likely to receive an identical gene from each parent, who in turn received it from a common ancestor. 

Intensity of inbreeding (Rate of inbreeding) 

Different methods of inbreeding i.e. different systems of mating, affects the consequence of inbreeding in a population. By intensity of inbreeding it is implied the proportional increase in the frequency of homozygotes in relation to heterozygotes in relation to heterozygotes in each cycle of inbreeding. 

Selfing is the closest method of inbreeding. However, slower approach to inbreeding can be undertaken by following half-sib and full-sib mating. 

Sibbing leads to slower attainment of homozygosity in successive generations as compared to selfing. Gene frequency, however, remains constant in the two methods. 

Consequences of  inbreeding 

There has been a tendency to associate inbreeding with harmful biological effects in plant and animals based on observations of smaller size, lessened vigour, reduced fertility and increased lethality in inbred generations. This fact has been reinforced by judgements and statements of several biological scientists including Charles Darwin who stated that “nature abhors perpetual self-fertilization”. This, however, does not mean that inbreeding creates any weaknesses or defects. What inbreeding does is to expose the harmful effects of the deleterious recessive genes already present by bringing them into homozygous situation. Inbreeding also bring about considerable changes in the population. The various consequences of inbreeding are summarised as follows. 

1. Increase in homozygosity

The outstanding genetic effect of inbreeding is homozygosis. In other words, it brings numerous loci into homozygous state. As selfing continues, proportion of heterozygotes will be reduced by half in each succeeding generation with corresponding increase in homozygous. 

2. Exposing recessive characters 

One of the reasons why deleterious characters are associated with inbreeding is that most deleterious characters are recessive in nature. Inbreeding causes homozygosis for both dominant as well as recessive traits. In a non-inbred or random mated population, deleterious recessive genes are concealed by their normal dominant alleles in heterozygous constitution. These recessive genes, when they come into homozygous state, express the deleterious traits. Inbreeding, therefore, exposes the recessive traits. 

3. Fixation of genotypes 

In a random mated population, variability is locked up in heterozygous equilibrium. When such a population is exposed to inbreeding, dispersion takes place and variability is released in the form of both homozygotes and heterozygotes. This free variability is fixed in the form of homozygotes while a part of the variability is still locked up in heterozygous state. As inbreeding continues, more of the free variability gets fixed up in the form of homozygotes. Inbreeding, therefore,  breaks up the population into fixed sub populations each of which breed true. 

4. Inbreeding depression 

Continuous inbreeding leads to progressive deterioration in performance of the subsequent progenies. 

5. Reduction in fitness 

Inbreeding results into loss of fitness of the population as a whole. The progressive increase in homozygosity and consequent loss of heterozygosity reduces the buffering capacity which is supposed to arise from heterozygous loci. 

6. Purification of types 

Since inbreeding breaks up the population into true breeding homozygous sub populations, it is useful for establishing pure types which will be genetically as well as phenotypically uniform. 

7. Increase in environmental variability 


One of the indirect feature of inbreeding depression may be an increased variability of environmental origin. One interpretation is that while genetic variation decreases as higher levels of homozygosity is reached, the generally reduced vitality of inbred individuals make them more susceptible to uncontrolled fluctuations in the environment and thus produce a greater range of phenotypic expression of the metric traits. It is the lower adaptedness of the highly homozygous individuals that lead to an increase in environmental variance. Conversely, the loss of heterozygosity tends to reduce buffering properties of the individuals from a normally highly heterozygous situation so that low viability and increased variance are not cause and effect but are concomitant consequences of inbreeding. 

INBREEDING DEPRESSION 


The most revealing impact of inbreeding is the loss of vigour and physiological efficiency of the organisms, characterized by reduction in size and fecundity, etc. The most striking consequence of inbreeding – the reduction in mean phenotypic value shown by characters connected with reproductive capacity or physiological efficiency is termed as inbreeding depression. Deterioration of population subjected to continued consanguineous mating have been observed since the birth of civilization. Inbreeding depression and heterosis are opposites in their manifest effect. In self-pollinated species, inbreeding is a natural process and such species get accustomed to it during their course of evolution. Inbreeding depression is usually overcome by crossing when lost vigour is restored. This fact may, therefore, suggest that there may exist inter-relationship between inbreeding depression and heterosis. 

 A number of weak and lethal segregants and staglers (defectives) appear in the population which has undergone inbreeding (generally referred to as selfing). This loss of fitness in the progenies or decline in trait expression with decreased heterozygosity arising from consanguineous mating is known as inbreeding depression or Inbreeding decline. Haldane (1948) had aptly summed up his intensive inbreeding experiments – “inbreeding proved to be disastrous – the enemy of vigour and yield”. 


Since the maximum decline is reflected in F2 generation, the inbreeding depression can be computed by relative data on F1 and F2 for any character as under: 

	
	¯F2– F1

	Inbreeding depression =
	   F1   


and,

	
	¯F2– F1
	x 100

	Inbreeding effect =
	   F1   
	


INBREEDING IN RELATION TO MATING SYSTEMS


The effect of inbreeding (selfing) is pretty variable in different crops belonging to diverse breeding systems, such as self and cross pollinated ones. The inbreeding depression in most pronounced in allogamous crops (like maize, pearl millet, alfalfa etc);  while it is greatly tolerated in autogamous crops (like wheat, rice, barley, etc.). Exceptions, however, are not ruled out. For instance, some outbreeders, such as cucurbits, sunflower and hemp do not exhibit tangible loss of vigour on inbreeding. Actually, the decline in vigour is associated with the number of heterozygous loci which are exposed on selfing. The cross-pollinated crops carry a heavy load of lethal recessives under the shelter of heterozygosity (genetic load). The resulting weak inbreed lines in these crops are promptly eliminated by natural selection and the surviving breeding populations are derived almost exclusively as a consequence of natural out-crossing. Therefore, heterozygosity in otherwise self-fertile outbreeding crops, perpetuates as a joint venture of breeding system and selection. 


On the other hand, in self-pollinated crops inbreeding is of no consequence insofar as the loss of vigour is concerned. This is so because almost all the genes are maintained in the homozygous state. As Stebbins (1950) has indicated that inbreeders are often derived from out breeders during the course of evolution, the recessive homozygotes would; have been wiped out under natural conditions and dominant homozygotes persisted. Ultimately, according to Mather’s (1943) homozygous balance theory, these crops would have been genetically reorganized so as to become adapted to homozygosity. Based on differences in the breeding behaviour and its influence on genetic system (regulation of variability), as judged by conclusive experimentation, the cross-pollinated crop plants can be grouped for inbreeding depression as follows (Allard, 1966). 

1. Crops intolerant to inbreeding : 

A regular inbreeding tends to wipe out the lines concerned, since loss of vigour is very drastic and damaging or it may not be tolerated much. Thus two types of crops can be delineated :

a) Where inbreeding is regularly deleterious not more than two selfing are tolerated, as in hayfield, farweed and alfalfa. 

b) Where inbreeding is sometimes deleterious – three or more selfing are tolerated, as in carryout. 

2. Crops Tolerant to inbreeding  :

Though inbreeding results in a substantial loss of vigour, lines can be maintained as inbreds by regular selfing as long as desired. The example are crops like pearl millet, onion, maize, rye, timothy, smooth broom grass, orchard grass, etc. The outbreeding cucurbits, hemp and sunflower mentioned earlier are as good as self-pollinated crops. It is these crops where a huge inbred stock can be developed for suitable exploitation in crop improvement programme. 

INBREEDING FOR CROP IMPROVEMENT 

Darwin (1868) concluded, “free crossing is a danger on one side, which every one can see, too close inbreeding is a hidden danger on the other”. However, inbreeding depression (injurious effect of inbreeding) is not produce by the process of inbreeding itself; it is a consequence of the segregation of heterozygous loci in the original population as stated earlier. Nevertheless, the consequences of inbreeding are of great significance in plant breeding as under. 

1. Inbreeding tends to increase the genetic correlation between relatives and in turn, brings about an increase in the prepotency. The latter determines precisely the success of pure-line breeding for improvement of the self-pollinated crops. 

2. Since inbreeding splits the population into genetically divergent families with little additive variance at intra-family level but ample variability at inter-family level, selection is effective only for between-family, and not for within family. 

3. Inbreeding is useful for progeny-testing, since close inbreeding (selfing) is the only effective method of differentiating heritable differences from non-heritable differences. 

4. Inbreeding is used to develop inbreds in cross-pollinated crops for different purposes. Evidences are available that the frequency of haploidy is increased by homozygosity resulting from self-pollination in sweet com (Khokhlov, 1976). This is of great importance for the rapid development of inbred stocks. Thus, the role of inbreeding in plant breeding is to provide the basic material for breeding procedures.

Out Breeding 


Out breeding refers to mating together of individuals that are not closely related or in other words, are distantly related. A decrease in vigour due to inbreeding and increase in vigour due to crossing (two homozygous inbred lines) are manifestations of the same phenomenon, ie. heterozygosis (Gowen, 1952). Thus, heterosis one aspect of heterozygosis (Gowen, 1952). Thus heterosis one aspect of heterozygosis, another being inbreeding depression, is the consequence of hybridisation. 

Cross-pollination is the movement of pollen grains from one flower to another borne on the same or different plant of the same or allied species, regardless of whether the flower is bisexual or unisexual. This is accomplished chiefly by external agencies since floral-structure and physiological factors in this group of crops pose a great barrier to the occurrence of self-pollination. 

In out breeding two parents (male and female) are involved and, therefore, a minging of the two sets of parental characters produces better progenies (offsprings). 

Consequences : 

 Frequent out breeding tends to create and maintain a tremendous amount of genetic variability chiefly because of the high degree of heterozygosity in populations.  Actually, heterozygosity shelters a large number of recessives which otherwise may be wiped out, or promptly eliminated by selection when exposed by inbreeding. That is why, cross-fertilized heterozygous populations carry a great deal of balanced genetic load. The occurrence of heterozygosity due to out breeding prevents genetic stagnation. It renders the population fairly dynamic which can thus be manipulated in a desirable direction, because of these reasons in cross pollinated crops. 

i. Each variety is a highly random-pollinated population usually maintained at genic equilibrium in absence of selection. 

ii. An immense amount of genetic variability floats in crops at both intra-and inter-population levels due to frequent random gene-flow among genotypes. 

iii. Role of dominance is potential. Release of recessive alleles (often deleterious) on selfing lends credibility to this fact. 

iv. Too high a degree of panmixia (random pollination) among out breeding populations may lead to rapid non-discrimination of population characteristics, or in other words, loss of genetic identify. 

v. The mating of phenotypically dissimilar individuals tends to reduce genetic correlation (rg) among progenies. Such a mating also tends to preserve genetic variation in small open-pollinated populations where allelic erosion is imminent due to genetic drift under domestication. 

vi. Inbreeding of cross-pollinated crops leads to a rapid loss of vigour. However, conclusive evidences indicate differential tolerance to inbreeding in different outbreed varieties. Where it is tolerated, such as in lines can be maintained by regular inbreeding coupled with selection. 

vii. Hybridization between two inbreds usually leads to the recovery of the vigour lost by inbreeding. 

These consequences make outbreeders most exploitable for crop improvement. However, in contrast to selfers, improvement in outbreeders generally proceeds with inbreeding first for a few generations followed by hybridisation of inbred stocks later. 
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