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ABSTRACT
            Enormous progress has been made in this century about our knowledge of understanding of genetics and the rate of change is ever-increasing. Genetics has been fortunate in drawing the attention of exceptionally gifted individuals from all areas of science, including biology as well as chemistry, physics and mathematics. As a result, genetics held a central position in biology in the late 20th century. Insight has been gained from studying the inheritance, function and more recently, the molecular structure of individual genes from Mendel's work to that of modern molecular geneticists. Such methods rely on the existence of clearly recognisable or distinct phenotypes resulting from various forms of a gene or by a number of genes across individuals within a species or between species. To discover more about that target trait in that target species, it's critical to have knowledge of the underlying oligogenic or polygenic nature.
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I.Introduction 

Any feature of an individual that exhibits heritable variation is referred to as a trait. It consists of morphological, behavioural, physiological and biochemical features. The trait may governed by one or few gene(s) or some traits may governed by many number of small gene(s). when traits governed by one or few gene(s) having major effect on traits with little influenced by environmental variation such traits called as qualitative traits or major genic or oligogenic traits. When trait governed by many gene(s) each having small, cumulative effect whose effect is largely influenced by environment, such traits are called as quantitative traits or polygenic traits. Mendel studied the qualitative traits and formulated basic principles of genetics in the year 1865. Such traits can be clearly classified into distinct classes, for example flower colour into red or white. The laws of Mendel offer a correct explanation for occurrence of qualitative differences among plants and animals such as seed coat colour, pod colour etc. After rediscover of Mendel laws two groups formed to explain basis of variation, namely “Mendelians” believed that all heritable important traits were qualitative and show discrete variation and “Biometricians” proposed that quantitative and continuous distribution was the basis of variation. In 1903, Johannsen, a Danish geneticist who resolved the conflict between these groups by separating heritable and non-heritable variation on detailed analysis of quantitative trait seed weight of beans. Later in 1906, Yule found that there are some characters showed continuous variation which cannot classified into distinct classes, that continuous variation could result from many number of genes with cumulative effect of each gene. He suggested that genes were transmitted according to mendelian laws. Nilson-Ehle (1908) worked on kernel colour of wheat and formulated multiple factor hypothesis, which is the experimental evidence for Yules hypothesis, which states that “Certain traits governed by large number of small genes, each having small, similar, cumulative effect and whose effect is largely influenced by environment depicting continuous variation”. In 1916, E.M East demonstrated the conclusive evidence for the quantitative traits with experiment on corolla length of tobacco. This chapter deals with in brief about oligogenic and polygenic traits.
OLIGIGENIC CHARACTERS

When the trait is governed by one or few gene(s), such trait is known as oligogenic or qualitative trait(s). They can be classified into distinct classes, the number of individuals in each class that reveals the number of genes involved, their dominance relation, epistatic nature and linkage phenomenon. They are essential and reliable indicators for classifying the numerous species, variants, genotypes, ecotypes, and other intermediates between the species, as well as real and purported hybrids and segregants. Varietal profiling must take into account oligo-genic traits that show unique differences between families and are found to be highly heritable. Oligogenic characteristics are traits with a discrete distribution and a small number of very important genes regulating their expression (Breseghello and Sorrells, 2006; Agrama et al., 2007). Single-gene traits are the most desired traits for marker-assisted selection because they can be easily backcrossed into elite lines. Plants with some of these characteristics are like resistant to rice sheath blight (Pinson et al., 2005; Sharma et al., 2009), Bacterial leaf blight(Mishra et al., 2013)  and some traits are governed by single or few major genes having substantial beneficial effect on chickpea productivity and yield stability such as stem growth habit having gene for semi-determinacy was found to have positive effect on early flowering, more seeds/pod, increased harvest index and grain yield in long duration environments of northern India (Hegde, 2011) and resistance to major diseases like Fusarium wilt of chickpea (Sharma et al., 2019) etc. Eventhough the number of qualitative traits less but not their significance in crop improvement. The important oligogenic traits which made historic crop improvement in crop plants such as non-shattering habit, lack of dormancy, male sterility, dwarfness in cereals, photo and thermos-insensitivity, opaqueness of maize, and resistant to pest and diseases.
Properties of oligogenic characters:

· The oligogenic trait(s) are governed by one or few gene (s): The effect of individual gene is large and its own effect and easily detectable by visual observation and therefore, such trait(s) are also called as major gene trait(s). 
· The oligogenic trait(s) can be classified into clear-cut groups: As character is distinguished clearly by visual observation they can be easily grouped into different classes, hence these traits are analysed based on frequencies and ratios. For example, flower colour of pea either Red or White, we can clearly distinguish individuals which showing Red or White flower in a F2 from cross between Red flower with White flower plant, which is governed by a single gene (Mendel, 1866).  
· The oligogenic trait(s) show discontinuous variation: These traits governed one or few genes each having higher magnitude of effect, they show discrete variation, hence they can be classified into clear classes. For example, in pea plants for plant height governing single major gene, plants can be classified into clearly tall or dwarf, without any intermediates. 
· The population genetics or Mendelian genetics delas with inheritance of these traits: Since, these traits can be classified easily into distinct groups without any confusion Mendel and rediscoverers of Mendel principles avoided to study the traits which show continuous variation. The branch of biometrical genetics which deals with the study of oligogenic traits known as “Mendelian genetics or Population genetics”. It studies the frequency of genes and genotypes in panmictic population.
· These traits are little influenced by environmental variation: As they have major heritable effect on the trait, the causative phenotypic variation for these traits mainly due to genotype which is heritable, there is no or little cause of environment which is non-heritable.   
· They exhibit in mainly non-additive type of gene action (dominance and epistasis): The nature of gene action for the genes governing qualitative traits is mainly dominance and epistasis, no additive. In pea plant for seed shape trait round is dominant over wrinkled shape. The F2 segregation ratio for such case will be 3:1 for Round and wrinkled seed shape respectively. In rice, non-floating nature governed by two genes which exhibit epistatic interaction the F2 ratio modified to 15:1 for non-floating and floating respectively. 
· They exhibit phenomenon of Pleiotropy: Oligo-gene usually governed by one trait, but certain situations where a more than one trait is governed by major single oligo-gene referred as Pleiotropy. For example, DST gene in rice responsible both drought and salinity tolerance with higher yield (Huang et al., 2009).
· They show Penetrance and Expressivity: When an oligo-gene carried by an organism they express in all the individuals whichever carries, but some will not express in few individuals which carry them. This ability of expression in individuals called Penetrance. If all plants carrying a given allele display the predictable phenotype it is called as it is “complete penetrance”. Complete penetrance can be shown in the phenotypes of sugary, opaque, shrunken and waxy in maize. Embryo abortion in maize is example for incomplete penetrance. Sometimes these oligo-genes expression varies with degree is known as expressivity. when the degree of expression is the same in those who contain the target gene, called as “uniform expressivity”. If the degree of expression is varied, then it is called as “variable expressivity”. Uniform red pericarp and variable opaqueness in maize are examples for uniform expressivity and variable expressivity respectively (Hussain et al., 2019).
· Threshold characters:  Some of the traits governed by oligo-genes require certain specific environment condition to express such characters known as threshold characters. The gene tms5 governing male sterility, the expression of fertility at temperature of 22 °C (Barman et al., 2019). Resistant or Susceptible plants can be identified only when presence of particular pathogen. The foc 1 gene governing resistance to fusarium wilt of chickpea show resistant mechanism only upon inoculation by fusarium pathogenic (Fusarium oxysporum f. sp. Cicero) race 1 (Gowda et al., 2009). 
Assumptions of oligogenic character(s):

· The dominant genes should be those that affect how characters are expressed.

· Environmental factors have no impact on qualitative characters.

· Analysis is only performed in terms of ratios and frequencies.

Analysis of oligogenic characters:

· It is very easy to classify the plant population into different classes for qualitative characters.

· Estimates worked out from the data recorded in an experiment analysed in terms of frequencies or ratios.

POLYGENIC CHARACTERS

Some traits are governed by a many number of genes.  Those traits, which are governed by several number of genes called as polygenic or quantitative characters. The mode of inheritance of such traits is termed as polygenic inheritance or quantitative inheritance or multiple factor inheritance. Most of important traits for plant breeders are quantitative in nature, such as yield, quality and adaptability. Improvement of such traits requires great and considerable effort, as the response to selection for these traits is slow and steady. To the plant breeder, polygenes are of utmost significance for the evolution of better cultivars. More evolutionary relevance belongs to polygenes. They are systems of gradual adaptive change and speciation and offer variation for fine adjustment. 

Features of polygenic trait(s):

· Polygenic trait(s) expression governed by several genes: Each gene governed by quantitative trait has small, cumulative and undetectable effect. Two types of alleles i.e. contributing alleles which contributes for phenotype and non-contributing alleles which don’t have any effect. Polygenic trait(s) are also referred to as minor gene characters since the effects of individual genes are difficult to see in the case of such features. As the trait is governed by many loci, the effect of each loci is undetectable.
· Rather than discontinuous variation, polygenic traits show continuous variation: The variation for quantitative trait is gradual and continuous from one extreme to other extreme. Because of large environmental influence and simultaneous segregation for large number of small genes the continuous variation arises. Therefore, they cannot be categorized into distinct groupings.

· Means, variances and co-variances are the basis of the statistical study of polygenic variation: As the variation is without discontinuous, these can be measured with means, variance and co-variances, metric measurements like size, weight, duration, strength, content etc. are possible. The mendelian analysis is not possible as they cannot be classified into clear groups, no mendelian ratios observed.
· Quantitative genetics thus studies polygenic traits: Even though mendelian ratios not observed, each gene governing polygenic trait follow the mendelian transmission as like oligo-genes. The extension of Mendelian principle to study the inheritance quantitative traits known as ‘Quantitative genetics’. This clearly splits the heritable variation from non-heritable variation, hence it is an “extension of Mendelian genetics”. A breeding population can be assessed in terms of variability, heritability, combinability, gene action, adaptability, and yield qualities using quantitative genetics (Kearsey and Pooni, 2020).
· Polygenic trait(s) are highly influenced by environmental variation and show normal distribution: As the extent of influence of environment increase the phenotypic groups overlaps and discontinuity reduces leads gradual continuous variation and the distribution become normal. If we consider environment effect zero, then large number of genes governing trait is increased then variation is continuous and curve become normal curve, because of simultaneous segregation for large number of many genes.
· They exhibit transgressive segregation: Transgressive segregation is the production of plants in F2 or later generation that are superior to both the parents for one or more characters. Transgressive segregants are produced by an accumulation of favourable genes from both parents as a result of recombination.
· Examples for such traits are yield per plant, days to flower, days to maturity, seed size, oil content, etc.

Assumptions of polygenic characters:

· Each gene that contributes to the expression of a trait has an equal effect.

· Each contributing allele affects a trait expression in a cumulative or additive manner.

· There is a lack of dominance in the genes involved in character expression. They exhibit an intermediate expression between two parents.

· Genes at various loci do not epistatic to each other.

· There is no linkage since the linkage is in equilibrium.

· The consequences on the environment are absent or may be disregarded. The last three presumptions are rarely true, though.
Analysis of polygenic traits:

· Measurement is necessary rather than categorization of individuals into groups for the trait(s) such as weight, length, width, height and duration.
· The inheritance is studied with the help of data recorded in replicated experiment by estimating mean, variances and covariance’s.
· Fisher (1918) was the pioneer to interpret the quantitative characters in terms of Mendelian genetics. The genetic study of quantitative characters can now be done using a number of biometrical approaches. Quantitative genetics, often known as biometrical genetics, is a field of study that focuses on the genetic interpretation of numerical traits.
Differences between polygenic and oligogenic characters: 

	S. No.
	Feature
	Polygenic traits
	Oligogenic traits

	1
	Governed by
	Many number of small genes
	One or few major genes

	2
	Effect of each gene
	 Not detectable by visual observation
	Detectable by visual observation

	3
	Type of genes involved
	Additive genes
	Non-additive genes

	4
	Type of variation
	Continuous 
	Discontinuous 

	5
	Categorization into different classes 
	Not possible
	Possible 

	6
	Environmental effect
	Highly sensitive
	Little sensitive

	7
	Statistical measurement is based on
	Mean, variances and co-variances
	Frequencies or ratios
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Fig 1: Distribution showing Qualitative inheritance and Quantitative inheritance (‘n’ represents number of gene(s) governing the trait). (Source: Lush, 1943)
The mode of inheritance of qualitative to quantitative: Qualitative trait governed by one or few genes and these exhibits skewed distribution whereas quantitative traits governed by many genes with continuous distribution. As the number of genes governed by a trait are less, then the F2 population shows skewed distribution, as number of genes increases then the skewed distribution of qualitative trait converts into continuous, normal distribution. Thus, n=1 to 2 then 3 and up to few they shows qualitative inheritance and skewed distribution but as n increases up to n=n the qualitative trait shows normal distribution (where n is number of genes governing the trait).
Similarities between oligogenic and polygenic traits(s) (Falconer, 1989):

· Both are governed by genes; Quantitative trait(s) controlled by minor genes and the qualitative traits by major gene(s).

· Both polygenes as well as oligogene(s) are located on the chromosome in the nucleus of cell.
· Both traits control variation; The polygenic trait(s) exhibit continuous variation, whereas major genes depict discontinuous Mendelian variation.

· Both the traits influenced by environmental factors, but quantitative traits highly effected by environmental variation than the qualitative traits.
· Both the type of characters showed linkage, segregation (F2 and subsequent generations), recombination, mutation (high frequency for major genes) and also reciprocal difference. 

· Both the type of characters exhibited gene interaction.

   Thus, Mendelian principles of heredity is the basis for quantitative genetics/biometrical genetics.
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