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1 Coefficient of relationship

Previously, we defined the coefficient of kinship, which is the probability
that two gametes taken at random from two individuals (one from each),
are identical by descent. The coefficient of kinship, f, expresses the degree
of relatedness between individuals. Another useful measure of relatedness
is called the coefficient of relationship (r), also called the additive genetic
relationship, which is

r = 2 · f (1)

The matrix that contains coefficients of relationship among individuals is
sometimes called the numerator relationship matrix. (It gets this name be-
cause the off-diagonal elements are equal to Wright’s coefficient of relation-
ship.) The diagonal element for individual i is equal to 1 + Fi, where Fi

is the inbreeding coefficient of individual i. We will refer to this matrix as
the additive relationship matrix. As you will learn, the additive relation-
ship matrix is used for calculating breeding values using best linear unbiased
prediction (BLUP). Without the additive relationship matrix, we can only
estimate genetic values.

2 Genetic covariance between relatives

Relatives can resemble each other due to genetics or due to shared envi-
ronment. We will only consider genetic covariance between relatives. The
genetic covariance between relatives can actually be due to additive genetic

1



effects, as well as dominance and epistatic effects. In general the contribution
of dominance and epistatic effects to the genetic covariance is low.

The additive genetic covariance of any sort of relative can be computed
using the additive genetic variance and the coefficient of relationship.

cov = r · σ2
a (2)

where σ2
a is the additive genetic variance The coefficient of relationship is

also the theoretical correlation between the breeding values of the relatives
of interest, which is the correlation that would be found if all the phenotypic
variance were additive (heritability of 1). For example, a parent and its
offspring have a coefficient of relationship of 1/2. If you have a set of parent-
progeny pairs. The maximum correlation between their breeding values is
1/2.

The covariance between relatives, is equivalent to the variance between
the relative groups. For example, the covariance of half-sibs is equal to the
variance among half-sib families. (A high variance between families means
that there is a high covariance within.) This is useful because we can design
experiments to measure the variance due to relative group (ie. half-sibs), and
then estimate additive genetic variance using equation 2, this can then be
used to estimate the narrow-sense heritability in the population from which
the half-sibs were derived.

3 Uses of covariance between relatives

Estimates of the genetic covariance between relatives are important because
they can be used for estimating the additive genetic variance, and therefore
narrow-sense heritability. They are also used for estimating gain from selec-
tion when the individuals that were evaluated are not the same ones used for
intermating.

3.1 Estimating heritability

In the first lecture we said that if you are working with completely inbred
lines you can estimate the broad-sense ’line mean heritability’ and that this
relates to gain from selection based on means (assuming that there is no non-
additive genetic variance). This is also applicable when you are not working
with inbred lines and you are evaluating and selecting individuals based their
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progeny means, in this case it is referred to as the ’progeny mean heritability’.
Line mean or progeny mean heritability, is calculated as

h2 =
σ2
g

σ2
y

(3)

where σ2
g is estimated as the variance among lines or families and

σ2
y = σ2

g +
1

e
σ2
gxe +

1

ne
σ2
ε (4)

and where e is the number of environments. Remember that n is the number
of measurements on each individual within an environment. In recombinant
inbred lines and half-sib families, there is no dominance variance, so in these
cases the line-mean or progeny-mean heritability can be thought of as heri-
tability in the narrow sense.

Heritability with respect to a reference population Another type
of heritability estimate refers to a ’reference’ or ’base’ population which is
assumed to be non-inbred and not already under selection. Estimating heri-
tability of a reference population is useful for comparing different populations
and for predicting gain from selection for different breeding schemes that
could be applied. When the population is not pedigreed then the first step
is to randomly sample the population. The second step is to make families,
such as half-sib families. The third step is to estimate the variance among
families which is equal to the covariance within family. Lastly, using equation
1, the additive genetic variance can be estimated.

In the case of half-sib families, The additive genetic relationship is 1/4
and so the additive genetic variance is

σ2
a = 4 · CovHS

σ2
a = 4 · σ2

HS

where σ2
HS is the variance among half-sib families. Using this estimate of

the additive genetic variance, the narrow sense heritability in the reference
population can be estimated using equation 3.

The additive genetic variance can also be estimated using a pedigreed
population by using its additive relationship matrix. This is done using
maximum likelihood (ML) or restricted maximum likelihood (REML). For
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details about ML and REML procedures you can look to Chapter 27 of Lynch
and Walsh. These procedures can be implemented in statistical packages such
as the ASREML, SAS, and some open source R packages including rrBLUP
and EMMREML.

3.2 Gain from selection

In some breeding schemes, the individuals evaluated are not the same in-
dividuals used for intermating. In these cases the coefficient of relationship
between the selection units and the recombination units has a direct relation-
ship with the rate of genetic gain. For example, in an out-crossing species,
individual (non-inbred) plants may be evaluated, but these often cannot be
selected until after flowering. The selected individuals will have been polli-
nated with a random sample of the population. This selection is therefore
less effective than selection before flowering where the exact plants are se-
lected and intermated in the same generation. Another example is when
selection takes place based on an individual’s half-sib progeny, and then the
individual’s selfed seed is used for intermating, (rather than half-sib progeny
seed). This will be discussed later in more detail.
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