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Concepts of quantitative inheritance 
 
Indian Agricultural Statistics Research Institute, New Delhi – 110012 
 
1. Introduction 
 
In 1760, Joseph kolreuter reported but was unable to explain the results of crosses 
between tall and dwarf varieties of tobacco, Nicotiana . The F1 plants were intermediate 
in size between the two parents varieties.  The F2 progeny showed a continuous gradation 
from the size of the dwarf to that of the tall parent.  A normal distribution was obtained in 
the F2  with the midpoint of the curve corresponding roughly with the midpoint of the F1 
curve and intermediate between the two original parents (P).  Kolreuter was a careful 
experimenter and a good biologist, but he could not explain these results because the 
basic principles of genetics had not yet been established.   
 
2. Polygene Theory 
 
 During the period between 1900 and 1910, many geneticists thought continuous 
variation reflected an entirely different mechanism of inheritance from discontinuous 
variation.  However, when the idea of Mendelian  inheritance had become well 
established, a few keen investigators began to envision a common basis for the results of 
Mendel and those of Kolreuter.  Genes with small but cumulative effects were postulated 
to behave in a Mendelian fashion.  An explanation for continuous variation thus emerged 
in the form of the multiple-gene hypothesis.  Experimental results and interpretations 
substantiating this hypothesis were obtained from the classical investigation of H. 
Nilsson-Ehle (1983-1949) in Sweden and E.M. East in the United States during the 
period 1910 to 1913.  
 

In 1988, Nilson-Ehle studied the inheritance of seed colour in wheat (Triticum 
sp.) and oats (Avena sp.). He found that some hereditary factors were responsible for 
grain colour and their actions were very similar.  The F2 generations from various crosses 
had red and white grains in the ratios of 3.1 (one factor now called gene), 15.1 (two 
factors) or 63.1 (three factor).  In case of first degree of redness there were three 
genotypes Aabbcc, AaBbcc, AabbCc and aaBbCc; and so on.  A closer look of seed 
colour in case of 15 red: 1 white, revealed that the seeds classified in red category 
differed in the intensity of colour.  The red seeds could be grouped lint four distinct 
classes: dark red, medium-dark red , medium  red and light red.  These four classes were 
in the ratio of 1: 4: 6: 4.  Thus 15: 1 ratio was actually 1: 4: 6: 4: 1.   Thus Nilsson-Ehle 
was able to show that certain characters are governed by factors (genes) that have small 
and cumulative effect.  This is the multiple factor hypothesis or polygenic inheritance.  
 
 The concept of multiple genes for quantitative inheritance is now one of the most 
important principles of genetics.  It has been strengthened greatly by the use of statistical 
methods devised by R.A. Fisher in England, Sewall Wright in the United States, and 
others.  The explanation, based on the action of many genes (polygenes) usually 
segregating independently but influencing the same phenotype in a cumulative fashion, 
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has been well established, although the details of the mechanism require further 
investigation.   
 
 Polygenic inheritance differs from the classical Mendelian pattern in that the 
whole range of variation is covered in a graded series from one parental extreme to the 
other.  Only averages of population are considered and not values for individuals.  Such 
factors as dominance, epistasis, cytoplasmic influences, interactions among genes and 
gene products, and interactions with the environment are reflected in the averages.  
Polygenic inheritance is a statistical concept. 
 
 Because most characteristics of domestic plants and animals that have practical 
significance (including height, weight, time required to reach maturity, and qualities for 
human nutrition) depend on polygenic inheritance, much attention has centered around 
this principle.  If all of the practical genetic experimental projects that are now in 
progress at the various experiment stations throughout the world could be listed and 
classified, the results would probably indicate that some 80 to 90 percent of all practical 
studies involve quantitative inheritance.  Some human characteristics of interest and 
significance also depend on multiple genes. 
 
The measurement of phenotypic expression displaying continuous variation can be 
expressed on a convenient scale by : 
 
1. Means and its components  
2. Variances 
3. Covariances 
 
All these three are based upon phenotypic value, i.e. P.   
 
Phenotypic value (P):  When a character is measured on an individual it assumes a certain 
value which is P.  An average of Ps over samples provides the mean phenotypic value.   
Continuous variation of Ps is caused by partly heritable and partly non-heritable factors.  
Thus, P = G + E, where, G is the genotypic value (heritable) and E the environmental 
effects (non-heritable). 
 
Genotypic value (G) :  The pooled effect of all the genes, inherited from parents, 
conditioning a trait in an individual is termed as G.  It should, however be noted that it is 
not the genotype but the genes that are transmitted from parents to offsprings; genotypes 
are created afresh in each generation.   
 
Actually, G represents an 'average effect' of all the genes inherited, in terms of the mean 
deviation from the population mean for a particular trait. 
 
3. Nature of gene action 
 
Let us assume that a character manifests monogenic difference among genotypes.  Three 
types of genotypes,  viz. AA, Aa and aa for gene A may be recognized by the differential 
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genotypic values (G) associated with them.  Variation along Gs will then be accounted 
for by two degrees of freedom: 
 
1. That due to differences between the two homozygous parents, and 
2. That due to differences between the heterozygote and the average of the two parents 
involved    (i.e. m). 
 
Should this be represented on the hereditary scale for a monogenic model see Fig.1), 
these differences can be expressed as AA-aa and Aa-m, respectively.  Why do such 
variations occur?  They occur because of the effects of allelic substitution at A-locus (i.e. 
at A-locus (i.e. from aa to Aa, and from Aa to AA).  The consequences of such an allelic 
substitution are plus or minus shifts in G, which can be specified in terms of equal or 
unequal units.  If the changes of shifts in Gs caused by allelic substitution due to 
hybridization between the two homozygous parents (AA and aa) are by equal units, i.e. 
(aa - Aa) = (Aa - AA) or Aa = (AA + aa)/2 = m, then this is referred to as the additive 
type of gene action manifested by the gene A.  On the contrary, if the shifts are by 
unequal units, i.e. (aa - Aa)  (Aa-AA), it is non-additive type of gene action.  However, 
since monogenic differences are involved, only dominance gene action is implicit in the 
latter. 
Genotype  aa        Aa       AA 
    
  
 
Genotype Value -a                   0        d                +a 
 

                 Fig. 1 Hereditary scale depicting the position of F1 (Aa) , AA (Superior parents, P1 and 
aa (inferior parent, P3 ) 

 
However as a metric trait might be conditioned by more than one gene (loci), the gene 
action may be average action of all such loci involved. Thus, the two homozygous 
parents, P1 (AA) and  P2 (aa) and their  F1 (Aa) may be specified in terms of m (from 
where all the deviations are measured) ignoring the environmental  effects, as follows:   
 
  P1 = m +   (+ a )   
  P2 = m +   (- a )   summed over all loci  involved 
  F1 = m +   ( d )  
 
  Where 
 
  (+ a) = AA - m, 
  (- a) =  aa  - m, 
and  (d)  =  Aa -  m 
 
operation of  more than one gene for a trait also follows that action of one gene may be 
influenced by  that of another gene.  Hence, an inter-allelic interaction or epistasis might 
occur besides linkage intricacies.  Thus, the nature of gene action operative individually 
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or jointly for a quantitative character showing continuos variation, can be recognized as 
under:   
 
1. Additive type of gene action 
2. Non-additive type of gene action: 
 
(a) Dominance deviations 
(b) Inter-allelic interaction or epistasis 
 
(a) Additive gene action (A):  When d = Aa - m = 0, i.e. Aa = m, the gene A is acting 
additively or showing the additive type of gene action.  In fact, when the additive type of 
gene action is operative, complete absence of allelic interactions, both at inter- and inta-
allelic levels, is envisaged.  So is the case for all genes controlling that character.  If all 
the genes controlling a metric trait behave like A and B genes, the entire variation in G is 
accounted for by additive type of gene action, symbolically represented by A. 
 
(b) Non-additive gene action:  If the effect of two substitutions is unequal shifts in G, 
the variation cannot be explained on the additive model.  Then  non-additive type of gene 
action is envisaged.  Such a situation may occur due to interaction of alleles at two levels: 
intra-allelic and inter-allelic.  The former is indeed the dominance action of gene and the 
latter is the epistatic or non-allelic interaction.  Notwithstanding, however, they differ 
only in the distribution of alleles on chromosomes (same or differently locus 
respectively)   but not in the underlying physiology.  Thus, non-additive type of gene 
action entails: (i) dominance action, and (ii) non-allelic interaction (epistasis).  
 
To summarize, we can theoretically express the phenotypic value (P) in terms of the 
genotypic value (G) and environment (E) as under: 
 
 P = G + E 
 P = (A + D +I) + E 
 P = [(A + D) + (AA + AD + DD) +E] 
 
These actions of a set of genes controlling a metric trait in point, create an effect on the 
phenotype.  It is these effects of gene action on the phenotype that can be measured in 
terms of means, variances and covariances.  Therefore, to determine the nature of gene 
action, these effects of genes involved (gene effects) are determined.  Indeed, each type 
of gene action causes corresponding effects as under:  
 
4. Components of Genetic Variance 
 
 The specific type of gene action causes differential genic effects on genotypes, 
which is reflected in the variable phenotypic expression.  The phenotypic variation of 
metric traits can then be expressed in terms of variance exactly on the lines of genic 
effects as under: 
 
 VP = VG + VE 
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      = (VA + VD + VI) + VE 
Thus, the heritable variance (VG) is composed of two main components. 
 

1. Fixable variance component resulting from additive type of gene action plus 
additive X    additive interaction (complementary epistasis). 

2. Non-fixable variance component resulting from dominance gene action plus 
additive X  dominance and dominance X dominance interaction (i.e. duplicative 
epistasis) such that, 
 
 VG = Fixable + Non-fixable variances 
       = (VA+VAA) + (VD + VAD + VDD)  
Then, the genetics of metric traits can be studied by partitioning their phenotypic variance 
into different components attributable to different causes.  The relative magnitude of 
these components determines the genetic properties of the population.  Following 
Falconer (1960), the components of variance based on P = G + E are shown below: 
 
Variance components Symbol used Variance arising from 

 
Phenotypic (Total VP Phenotypic vale (P) 
Genotypic (Heritable) VG Genotypic value (G) 
Additive (Fixable) VA Breeding value (A) 
Dominance (Non-fixable) VD Dominance deviation (D) 
Interaction (Non-fixable) VI Interaction deviation (I) 
Environmental(Non-fixable) VE Environmental deviation (E) 
  
The non-heritable variance, VE cannot be removed because it is uncontrollable, but VG 
can be rendered zero by growing highly inbred lines and/or F1's.   Since they are all 
homogeneous, the entire variation within lines or within F1's is principally due to 
environmental causes, so that, 
 
 VE = (VP1 + VP2 + VF1)/3 
And, VG = VP - VE 
 
Where, P1 and P2 are the two parents involved in a F1. 
The three components of VG are elucidated as under: 
 
(a) Additive variance component (VA): The variance that develops from pooling the 
squares of differences of effects between two homozygotes (i.e. + a) for each of the gene 
pairs involved in character-expression.  In other words, VA is the sum of the additive 
variances attributable to each locus separately.  Thus VA arises mainly from additive 
effects of all the genes concerned. 
 
(b) Epistatic variance component (V1):  This results from different kinds of non-
allelic interactions.  In fact, what remains unaccounted for by VA and VD in VG is the 
epistatic variance.  In other words, V1 represents the failure of the summation of the 
within-locus genetic variance to account for the total variation among genotypes, i.e. VG.  
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It is further subdivided into components according to the number of loci involved.  For 
two factor interactions, variances are complementary epistatic variance (i.e. additive x 
additive), and duplicate epistatic variance (i.e. additive x dominance and dominance x 
dominance), depending upon their effects.  Thus, 
 V1 = VAA + VAD + VDD + etc. 
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