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Abstract


Selection  plays a significant role in agriculture field to meet up the availability of food in the world. Plant breeders are allowed to apply breeding principles and technologies in the field of agriculture to improve crop yield and performance. Various breeding methods are successfully proven in self-pollinated crops. Thus, the main aim of breeder is to produce new varieties with better performance. This chapter aims to discuss about the various breeding methods adopted in self
pollinated species. 
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6.1Introduction


Specially self-pollinated crops, selection allow reproduction only of those plants  have the desirable characteristics, which are the plants that have been selected. This is achieved by growing the next generation from seeds of the selected plants only. Selection, as a rule, is based on the phenotype of plants. Consequently, the effectiveness of selection primarily depends upon the degree to which phenotypes of plants reflect their genotype. Selection has the following two basic features: 1) It is effective for heritable differences only and its effectiveness is greatly affected by heritability of the character under selection, and 2) it does not create new variation; it only utilizes the variation already present in a population. Thus the two requirements for selection to be effective are, 1) variation must be present in the population, and 2) this variation must be heritable. The purpose of selection is to isolate desirable plant types from a genetically variable population. 
6.2 HISTORY OF SELECTION

After domestication, crop species were exposed to both natural and artificial selection. For a long period under domestication, natural selection was perhaps more important that selection by humans. In modern plant breeding methods, natural selection done by humans, but in modern plant breeding methods, natural selection is of little value, and they are based entirely on artificial selection. There is evidence that selection was practiced by farmers in early times. During late eighteenth century, selection by agriculturists, such as Van Mons in Belgium, Andrew Knight in England and Cooper in U.S.A., resulted in several important crop varieties. Le Couterur, a farmer of the Isle of Jersey, published his results on selection in wheat in the year 1843. He concluded that progenies from single plants were more uniform that the remaining population, and that different progenies were of different agricultural value. About the same time, a Scotsman named Patrick Shireff practiced individual plant selection in wheat and oats, and developed some valuable varieties.


Some years later, beginning in 1857, Hallet in England practised single plant selection in wheat, oats and barley. He believed that acquired characters were inherited. Therefore, from the best plants, he selected the best spike from which he selected the best grain. Hallet developed several commercial varieties, that is Chevalier barley. About thid time, Vilmore proposed individual plant selection based on progeny testing. This method successfully improved the sugar content in sugarbeets (Beta vulgaris) in 12 years, but 50 years of selection was ineffective in improving four wheat varieties. This clearly demonstrated the difference between effectiveness of selection in self- and cross pollinated species. But the genetic basis for this difference was understood only later when the genetic basis of pureline was explained in 1866, redefined the single plant selection or pureline selection to its present form.

6.3 PROGENY TEST

Estimation of the worth of plants on the basis of their progenies is known as progeny test.

This test was developed by Louis de Vilmorin hence , it is known as Vilmorin isolation

principle or, in short, Vilmorin principle. Vilmorin seen in sugarbeet plants with high

sugar content could be grouped into three classes based on the sugar contents of their progenies. The first group of plants produced progenies high in sugar content; the progenies from the second group had some plants with high and some with low sugar content, while the third group produced progenies low in sugar content. Thus plants similar in phenotype (high sugar content) produced considerably different progenies. From these observations, Vilmorin concluded that the real value of a plant can be known only by stuying its progeny.


Nowadays, progeny test is the basic step in every breeding method. Progeny test yields information on the following two valuable and useful aspects: 1) the breeding behavior of a plant, that is whether it is homozygous or heterozygous, and 2) whether the feature for which a plant was selected is heritable. If the phenotypic superiority of selected plants were due mainly to their genotype, their progeny will also exhibit that superiority of selected plants were due mainly to their genotype , their progeny will also exhibit that superiority. But if the superiority were due to environmental factors, progeny will not exhibit the superiority 

6.4 THE PURELINE THEORY

A pureline is the progeny of a single homozygous plant of a self- pollinated species. Thus all the plants in a pureline have the same  genotype, and the phenotypic variation inside a pureline is because of the environment aline and has no genetic basis. The theory of purlines was proposed by Johannsen in 1903 on the basis of his studies with French bean (Phaseolus vulgaris), a strictly self-pollinated species. He obtained commercial seeds of different size and grew them and harvested their seeds separately. Seeds from each selected plant were grown separately as individual plant progenies, which differed in seed size; progenies from larger seeds generally produced larger seeds than those obtained from smaller seeds. This clearly slowed that the variation in seed size in the commercial seed lot of Princess had a genetic basis, as a result of which, selection for seed size was effective. Johannsen further studied 19 lines, each of which was progeny of a single seed from the original seed lot. He discovered that each line showed a characteristic mean seed weight, ranging from 640 mg in Line No.1 to 350 mg in Line No.19 The seed size within a line showed some variation, which was much smaller than that present in the original commercial seed lot. Johannsen postulated that the original seed lot was a mixture of purelines . Thus each of the 19 lines represented a pureline, and the variation in seed size within each of the purelines had no genetic basis and was entirely due to environment.


Confirmatory evidence wasobtained in the following three ways: 1) Johannsen classified seeds from each pureline into 100 mg classes, and grew them separately. The mean seed weights of progenies from the different seed weight classes of a single pureline were comparable with each other, and with that of the parent pureline. For example, Line No.13 had seed size classes of 200,300, 400 and 500 mg. The mean seed weights of the progenies 
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derived from these seed weights of the progenies derived from these seed weight classes were 475, 450, 451, and 458 mg, respectively.2) From each pureline Johannsen selected the largest and the smallest seeds to raise the next generation. In the subsequent generations, largest seeds were selected in the progenies obtained from the largest seeds, while in those derived from the smallest seeds selection was done for the smallest seeds. Six generations of selection was ineffective in increasing or decreasing the seed size. For example, after six generations of selection, the mean seed weight in Line No.1 was 690 and 680 mg in the progenies selected for small and larhe seeds, respectively. Thus selection within a pureline was ineffective.


Finally, Johannsen estimated parent-offspring correlation. The value of parent-oofspring correlation within Line No. 13 was -0.018± 0.038, which is zero, while it was 0.336± 0.008 in the original seed lot of Princess, which is highly significant. The parent-offspring correlation will be zero when the variation is nonheritable, while it will be significantly greater than zero when it has a genetic basis, which is heritable. These observations reveal that the variation for seed size in the original seed lot of Princess had a genetic basis and was heritable. But the variation within the pureline obtained from the single seeds selected from this seed lot was purely due to the environment and, therefore, nonheritable. The two main conclusions from the Johannsens’ experiment are as follows.


1) A self-fertilized population consists of a mixture of several homozygous genotypes. Variation in such a population has a genetic component and, therefore, selection is effective.


2)An individual plant progeny selected from a self- fertilized population consists of homozygous plants of identical genotype. Such a progeny is known as pureline. The variation present within a pureline is purely environmental and, as a result, selection within a pureline is ineffective.
6.5EFFECTS OF SELF-POLLINATION ON GENOTYPE

Self –pollination increases homozygosity with a corresponding decrease in heterozygosity. Inbreeding also increases homozygosity and reduces heterozygosity. Inbreeding is mating between individuals related by descent, which is, having a common parent or parents in their ancestry. Some examples of inbreeding are, sib mating (brother-sister mating), half-sib mating (brother-stepsister mating), etc. Self pollination is the most intense formof inbreeding, since in this case the same individual functions as the male as well as the female parent.


The effect of self fertilization on homozygosity and heterozygosity may be illustrated by an example.Suppose an individual is heterozygous for a single gene (A/a) and the successive generations derived from it are subjected to self-pollination. Every generation of self-pollination will reduce the frequency of heterozygote Aa to 50 per cent of that in the previous generation. There is a corresponding increase in the frequency of the two homozygotes AA and aa. As a result, after 10 generations of selfing, virtually all the plants in the population would be homozygous, that is AA and aa, and the frequency of heterozygote Aa would be only 0.097per cent, that is negligible. It is assumed here that the three genotypes AA, Aa and aa have equal survival. If Aa is favoured, the rate of increase in homozygosity would be lower than expected. But if Aa is selected against, homozygosity would increase at a faster rate than expected. When a number of genes are segregating together, each gene would become homozygous at the same rate as Aa. Thus the number of genes segregating does not affect the percentage of homozygosity. The term homozygosity denotes the frequency of genes in homozygous condition in the population. Similarly, linkage between genes does not affect the percentage of homozygosity.

Another way of visualizing the effect of self-pollination is to consider the frequency of plants, which are homozygous for all the genes. In case of a single gene, the frequency of completely homozygous plants in a generation is the same as the proportion of homozygosity. But when two or more genes are segregating, the proportion of completely homozygous plants is given by the following formula.


Proportion of completely homozygous plants = [(2m -1)/2m]n
Where, m is the number of generations of self- pollination and n is the number of segregating genes. The proportion of completely homozygous plants under self- pollination is depicted in Fig.9.2. It is clear that as the number of genes increases, the proportion of completely homozygous plants after a given number of generations of selfing decreases. But the effect of selfing is so strong that even if 100 genes were segregating, more than 95 per cent of the population would be completely homozygous after only 12 generations. Linkage would increase the proportion of homozygous plants since it would reduce the number of genes segregating independently. Unequal survival of different genotypes would have the same effect as in the case of homozygosity.

Thus continued self-pollination has two main effects on the population :(1) all the plants in the population become completely homozygous,and (2) the natural population of a self-pollinated species is essentially a mixture of several homozygous genotypes.

6.6 ORIGIN OF GENETIC VARIATION IN PURELINES

It is generally accepted that purelines show genetic variation after some time. For example, barley variety Atlas was derived through single plant selection. Later, individual plant progenies were selected from Atlas; they differed from each other with respect to quantitative as well as some minor quantitative as well as some minor qualitative characters, (3) chromosomal aberrations, and (4) mutations.

6.6.1 Mechanical Mixture

During cultivation, harvesting, threshing and storage, other genotypes may become mixed with a pureline; this is quite common and may be avoided by careful handling. As a rule, mass selection is practised during nucleus seed production to maintain the purity of pureline varieties.

6.6.3. Natural Hybridization

In most self-pollinated species, a low amount of cross-pollination does occur, at least under some environmental conditions. As a result, cross-pollination may occur in pureline with other genotypes growing nearby. Subsequent selfing of the hybrids so produced would generate a number of new genotypes. In most self-pollinated species, natural hybridization can be avoided by isolating the purelines from other genotypes with a couple of rows of the same pureline, that is, two to three rows of the pureline on all sides of the plot are rejected as border rows.

6.6.3. Chromosomal Aberrations

Varieties of several crops, e.g., wheat, oats and barly, ect., show a small frequency of meiotic anomalies, such as chromatin bridges and chromosome fragments. These aberrations may lead to duplications and deficiencies for small chromosome segments. Generally, the effects of small deletions and duplications would not be distinguishable from gene mutation. It is possible that such aberrations may contribute to the origin of variation in purelines.

6.6.4. Spontaneous Mutation

Mutation is a sudden heritable change in the character of an organism. It generally denotes a structural change in a gene, i.e., gene mutation. In practice, however, it is difficult to distinguish gene i.e ., gene mutation. In practice, however, it is difficult to distinguish gene mutations from minute duplicationand deficiency. It may be generalized that almost all the variability present in the plant species has originated due to gene mutations. Mutations occur spontaneously, are random, recurrent and usually specific in their effect on phenotype. Stadler in 1942 reported the spontaneous mutation rates for certain genes in maize. The mutation rates varied greatly from one gene to another. For example, gene R (produces colour) had a mutation rate of 4.92 x 10-4 , and Su (nonsugary endosperm) had a rate of 2.4 x 10-6 , while Wx (nonwaxy endosperm) did not show the mutation rate for oligogenes may vary from one per 10,000 (i.e.,10-4) to one per 1000,000 (i.e., -10-6) gametes.


There is considerable evidence that mutations affecting quantitative characters are more frequent than those affecting quantitative characters. In 1935 and 1936. East published his observations on some homozygous lines of Nicotiana rustica. These lines were obtained from plants that arose parthenogenetically during interspecific hybridization, and were much more uniform than inbred lines produced by more than 10 generations of selfing. After four generations of self-pollination, these homozygous lines became as variable as the inbred lines. Mechanical mixture and natural hybridization were carefully avoided during the period of study. Therefore, the variation in these lines must have arisen from gene mutations. Several more recent studies have shown that more than 1% of gametes contain a mutation producing a detectable effect in a given quantitative trait.


The possibility of improvement through spontaneous mutations occurring in purelines is relatively small for the following reason. Since mutations are recurrent, most of the mutations must have occurred in the past, and natural and artificial selections would have accumulated most of the superior alleles thus generated. Therefore, a new mutation is likely to be inferior to the existing allele. In any case, spontaneous mutations are considered to be important in long-term selection programmes lasting over 20 generations, e. g., in long-term bulks.


There are some instances of improvement of a pureline through spontaneous mutation. A spontaneous semidwarf mutant of a rice variety Kamlimoonch 64 has been released for cultivation as a new variety Shyama. The dwarfing gene of Shyama is different from that of Dee-geo-woo-gen, the source of dwarfing gene in most of the semidwarf varieties of rice in India. Sometimes, slightly differing sister lines selected from an old pureline may be crossed to recover highly desirable progeny. For example, two sister lines selected from old an old pureline may be crossed to recover highly desirable progeny. For example, two sister lines selected from the pureline variety Pusa Basmati 1(PB1) were crossed to obtain Pusa Basmati 1121, which has cooked grain length of 20-25 mm as compared to 15-20 mm in the case of PB1. But Pusa Basmati 1121 has tapering grains, which is not preferred by consumers. Pusa Basmati 1121 was crossed to PB1 to develop Pusa 1401 (Pusa Basmati 6, PB6), which has reduced chalkiness as well as uniform cylindrical grains. In addition, PB6 is superior to PB1121 in aroma, resistance to lodging and shattering, and input responsiveness. In 2010, Pusa Basmati 1121 occupied 12.2 lakh hectares, which is nearly 60% of the total basmati rice growing area.
6.7 GENETIC ADVANCE UNDER SELECTION

Selection, of necessity is based on of phenotype, which is produced by the joint action of genotype and the environment. Therefore, the phenotypic superiority of selected plants or families over the original population is not soley due to their genotypic superiority. In any case, progeny of selected plants, i.e., selected families, are expected to be superior to the original or base population. Improvement in the mean genotypic value of the selected families over that of the base population is known as genetic advance under selection (Gs). The magnitude of Gs depends upon – 1) The extent of phenotypic variability among different plants or families in the base population, 2) heritability of the character under selection, and 3) intensity of seletion, i.e., the proportion of plants or families selected. Gs may be estimated as follows. 

Gs = (k)(σp)(H)
Where, Gs is genetic advance under selection, k is selection differential, σp is phenotypic standard deviation of the base population, i.e., the population being subjected to selection, and H is heritability of the character under selection. The formula for Gs may therefore, be rewritten as,

Gs = (k) ([image: image2.png]
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The selection differential, k , is based on mean phenotypic values of the selected lines and of the base population, phenotypic standard deviation (σp), and intensity of selection, i.e., the proportion of population selected. Since k is expressed in term of standard deviation units, the value of k varies with the intensity of selection.
6.8 EXPECTED GENETIC ADVANCE IN SEGREGATING POPULATIONS:

Gs estimated by the above formula is applicable to a mixture of purelines or clones, but not to segregating generations. This is because purelines or clones give rise to progeny, which are identical in genotype the parent plant or family. Therefore, the genotypic value of progeny remains the same as that of the parent plant or family. In segregating generations, the selected plants are likely to be heterozygous for few to several genes.Therefore , in the progeny new gene combinations would arise due to recombination. The genotypicvalue of new gene combinations would arise due to recombination. The genotypic value of few gene combinations is likely to differ from that of the parent plant. This may  be expected due to dominance and epistatic components of genetic variation, which depend on heterozygosity (except for the additive x additive interaction). Therefore, when dealing with segregating populations, heritability in narrow sense (H=additive variance/phenotypic variance) is more appropriate for estimating Gs. 

Gs=(k)(σp)(H, narrow sense)
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Selection for seed weight in a commercial seed lot of the Princess variety of French bean by Johannsen(1903)








