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Quantitative characters II: components of the variance
The variance of a trait (x) is the average 

squared deviation of x from its mean: 
VP = (1/n)Σ(x-mx)2

This total phenotypic variance can be 
partitioned into components:

VP = VG + VE    (genetic and environmental)
VG = VA + VD  + VI (additive, 

dominance [between alleles],
and interaction [between loci])

The broad-sense heritability is the 
fraction that’s genetic:

H 2 = VG /VP

The narrow-sense heritability is the 
fraction that’s additive genetic:

h2 = VA /VP
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h2 determines (1) the resemblance of offspring to their parents, 
and (2) the population’s evolutionary response to selection.
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h2 is the regression (slope) of offspring on parents

Definition of the regression coefficient (slope):  byx = cov(x,y)/var(x)

Here x is the midparent value (parental mean), and y is the offspring value.

The higher the slope, the better offspring resemble their parents.

In other words, the higher the heritability, the better offspring trait values 
are predicted by parental trait values.

This “geometric” interpretation of heritability shows why R = h2S  
(h2 = R/S)

As it turns out, the additive genetic variance (VA) is the part 
that makes offspring resemble their parents.

R = response to selection
S = selection differential

This is why it’s called 
“regression”:  

offspring “regress” 
toward the mean!

The Response to Selection

What’s the 
heritability 
of height in 
humans?

Scott Freeman and Jon Herron asked the 
students in their evolution course at the 
University of Washington to measure 
themselves, their siblings, and their parents.

Their regression plot is shown at the right.

The estimated heritability is 0.84.

That means 84% of the variance in height 
(VP) is additive genetic variance (VA).

Not all genetic variance is additive! (A silly but instructive model.)
Consider a simple quantitative trait (x) controlled in a symmetrically 

overdominant manner by two alleles at one locus.
Assume that there is no environmental variance.

What happens if we select for higher values of x?
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The heritability disappears when the genetic variance is greatest!

At p = 0.5, all of the genetic variance is dominance variance, not additive variance.
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Dominance variance arises from non-additive relationships between 
the “dosage” of an allele (number carried) and the resulting phenotype 

How to estimate the components 
of the phenotypic variance (VP)
1.  Measure phenotypes (trait values) in a 
large random sample of the population.
2.  Calculate the mean and variance: the 
variance is VP.
3.  Estimate the heritability, either of two 
ways:

(a) regress offspring on midparent values
(b) measure the response to selection:

h2 = R/S
4.  The additive variance (VA) is the 
heritable fraction of the total:  VA = h2VP.

5.  The remainder is environmental (VE) and 
dominance variance (and other minor stuff).
6.  If we can clone or closely inbreed 
members of the species, or find identical 
twins, then we can directly estimate the 
environmental variance.

7.  The dominance variance can be separated from the additive variance by 
exploiting the different ways these components appear in the covariances
between different kinds of relatives.  For example:

cov(parent-offspring) ≈ ½VA
cov(half sibs) ≈ ¼VA
cov(full sibs) ≈ ½VA + ¼VD

An interesting and 
general finding is 
that traits closely 
related to fitness
tend to have little
additive variance but 
more dominance and 
interaction variance 
(epistasis) than 
typical morphological 
traits.

What might be 
the explanation?


