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Selective Breeding of Cattle
This Factsheet summarises the principles of selective breeding,
progeny testing and Inbreeding.

Humans have been domesticating animals for at least 8000 years.
The importance of particular traits has changed; the first animals
were probably kept for their religious significance or their ability as
draught animals. For many people, cattle still provide draught power,
milk, meat, hide, bone and fat for candles. In developed countries,
the emphasis is on selecting, breeding and genetically improving
cattle and other animals for characteristics (traits) such as:

• Milk yield
• Milk fat and protein content
• Muscle : fat ratio
• Feed conversion efficiency
• Calf mass
• Calf mortality
• Length and angle of teats (for ease of milking)

What is involved in selective breeding?
A trait is any observable or measurable characteristic of an individual.
Some of the useful traits we want (eg milk yield) are partly controlled
by the animal’s genes. The purpose of selective breeding is to allow
individuals with the best sets of genes to reproduce so that the next
generation has, on average, more desirable genes than the current
generation.

This immediately gives us a problem: Because each progeny
receives half of the genes from the female parent, and the other half
from the male parent,  no individual animal can transmit all of its
genotype to its progeny. But some individuals pass on their useful
genes, hence traits, better than others. If, on average, an individual
does this better than another animal, then it is said to have a better
breeding value.

Heritability of traits
The phenotype of an animal is determined by its genes (genotype)
and the environment in which the animal lives. We can only select
for variation that is due to the animal’s genes. This is known as V

G

The total variation in the trait (variation in phenotype) is represented
by the symbol V

p. 
This includes variation due to genetic influences,

environmental factors and possibly random variation. The ratio of
V

g
/V

p 
(sometimes written h2) is called the heritability of the trait. It

is the proportion of the total phenotypic variation that has a genetic
basis.

Key Point
Variation due to the environment (V

E )
 cannot be altered via a

breeding programme.

Some traits are under greater genetic control than others. This means
we can give heritability scores or values to traits. The scale is 0-1. A
heritability of 0 means that the observed variation does not have a
genetic basis, whereas a heritability near 1 means that the observed
variation in the trait is largely explained by genetic makeup. So the
closer the value is to 1.0 the more easily the trait can be selected for
(Table 1)

Table 1 Heritability of traits

        Trait        Heritability factor

Calf birth mass 0.48

Milk yield 0.43

Gestation period 0.32

Typical Exam Question
Comment on the likely success of improving these traits in a
selective breeding programme (4)

Markscheme
We can only select for variation due to genotype;
V

G 
important/  V

E
 not important;

Heritability scale 0 -1;
high value = trait easily selected for;
Calf mass likely to be most successful/ ref to birth mass > milk
yield > gestation
Interval;

In practice, we find it very difficult to know the true breeding value
of individual animals because:

• most traits are influenced by many genes
• only half of the genes are transmitted at random to the offspring
• the number of possible combinations of genes in the offspring

is large
• performance of individuals is affected by environment

Typical Exam Question
Suggest how a farmer would test whether a bull was suitable to
sire progeny in a program to increase milk yield

Markscheme
by progeny testing;
mate male with number of females;
with, proven milk yield/range of milk yields;
measure milk yields of female offspring;
after calving/when mature/ref. time scale;
ref. use of AI;
gives value of male genotype;
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The breeder’s equation
The likely success of a breeding programme depends upon the
heritability of the trait and the precise animals we choose for the
programme. The breeder’s equation describes the relationship
between a response to selection for a given trait, the heritability of
that trait, and the intensity of the selection applied to the herd. The
breeder’s equation may be written as:

R = h2 S
where:
R = the response to selection (or in other words, the change in the

mean of the trait in a population after selection)
h2= heritability
S = the selection coefficient (or in other words, the difference in

the mean of the trait for the original population and the mean
of the trait for the population of individuals selected for
breeding).

To see how this works, consider the following example:

Imagine we want to increase the protein content of milk. The average
protein content of milk produced by the cows in our breeding
programme is normally distributed i.e. as shown in Fig 1.
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If we wish to select for high protein content, we want to breed the
individuals that already produce the highest protein content. We
could choose all the individuals above the mean, or just the
individuals with >24% or even above 26%. The selection coefficient
(S ) is a measure of the strength of selection, and is simply the
difference in the mean protein content for the original population
and the mean of  the population of individuals selected for breeding.
If we only use individuals with 26% or more protein in our breeding
program:

the selection coefficient (S ) is 26 – 23 = 3%
Does this mean that all our progeny will produce milk with 26-28%
protein content?

NO! Because the heritability of protein content isn’t 1.0 – in fact, it
is likely to be a lot lower.

If we assume it is 0.3, the response we would expect to the selection
we imposed (or in other words, the change in the mean of the trait in
the population after selection), would (from the breeder’s equation)
be equal to:

R = 0.32 (3%) = 0.27%

In other words, we would expect the mean protein content to be
23.27% (an increase in protein content of 0.27% after just one
generation of selection). Remember that our improvement R is due
to two factors:  the heritability of the trait and the degree of selection.

Are useful traits genetically linked to each other?
Yes. The correlation between breeding values for two traits is called
genetic correlation and indicates to what extent the two traits are
influenced by the same genes. The genetic correlation between
milk yield and protein yield is high. This means that many of the
genes that influence milk yield also influence protein yield, and a
bull with daughters that have high mean milk yield almost always
will sire daughters that have high mean protein yield.

However, there is often a negative genetic correlation between milk
yield and fat percentage; bulls with daughters that have high milk
yield often will have daughters with low fat percentage.

Selecting the bull
So that’s the theory. In practice, how can a breeder measure the
ability of a bull to father (sire) progeny that produce high protein
milk?

The answer is by progeny testing. This involves:

• Mating the bull with a number of females
• The females would have a range of milk protein levels
• Measuring the milk protein content of the female offspring;
• To give the value of the bull’s genotype;

Although this may take a long time and be expensive, selective
breeding has dramatically improved many of the traits that we
consider important.

Fig 2.  Average productivity of beef herds in the US over a
30 – year period.
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Preventing Inbreeding
Breeding closely related animals reduces genetic variation. This
process is known as inbreeding. Inbreeding increases the frequency
of harmful recessive traits that are genetically linked i.e. on the
same chromosome as the genes that control the desired traits.
Although most of these recessive alleles will only have small effects
(even when homozygous), as more of them become fixed or increase
in frequency in the population, the fitness of the inbred animals
almost always suffers. Since the alleles are recessive, there is no
effect on the phenotype of the animal as long as they remain in the
heterozygous state. The problem comes when two of these alleles
are present in the same animal (one inherited from each parent). If
the frequency of a harmful allele in a population is only 0.01 (i.e.,
one out of every 100 alleles), and all the animals mate randomly,
then only one out of every 10,000 animals (0.01 × 0.01) would be
expected to inherit the trait from both parents, and thus express the
defect.

But imagine that this trait is present in a bull which is used to mate
200 females. 100 of its progeny would now carry the recessive allele
i.e the frequency of the allele is now 0.5. If these individuals are
mated to one another, then (0.5 × 0.5) = 25% of their offspring would
be homozygous for the deleterious allele, and another 50% would
carry the allele in a heterozygous state. In this extreme form of
inbreeding, in just two generations the harmful allele went from
being expressed in one out of every 10,000 animals to one out of
every four animals, with three-quarters of the animals now carrying
the defect. The decrease in fitness that results from such inbreeding
is known as inbreeding depression.

Typical Exam Question
Outline the problems associated with a breeding programme
that uses a population of closely – related animals (3)

Markscheme
inbreeding depression ;
loss of viability / fertility / yield / fitness / vigour ;
harmful recessive alleles expressed;
reduced genetic variation / diversity ;
increased homozygosity / decreased heterozygosity ;
genetic erosion / loss of alleles / reduced gene pool ;

Inbreeding depression can be avoided by not breeding siblings or
close relatives with one another and by cross – breeding i.e mating
different crosses of cattle. This results in hybrid vigour or heterosis.

The opposite of inbreeding is outbreeding. This results from
breeding genetically dissimilar animals. The heterosis produced from
outbreeding will almost always produce larger-bodied, more
muscular offspring with greater fertility.

Typical Exam Question
Explain why it is considered important to maintain populations
of wild breeds

Markscheme
source of genetic variation ;
alleles ;
for future use ;
in changed circumstances ;
e.g. climate / disease / etc.

Practice Questions
1. The Chillingham Wild Cattle are the only cattle in the world that

have remained pure. No outside blood has been introduced.
They still roam wild in their historical surroundings in the 365
acre park at Chillingham, which was enclosed in the 13th century
to provide food and hunting.They are believed to be the direct
descendants of the original ox which once roamed England.
Their numbers vary between 40 and 60. This is the total world
population. Their remarkable survival may be due to the fact
that the fittest and strongest bull becomes “King” and the leader
of the herd. He remains King for just as long as no other bull can
successfully challenge him in combat, and during his tenure of
kingship, he will sire all the calves that are born. Nature seems
thus to have ensured the carrying forward of only the best
available blood.

Source: http://www.chillingham-wildcattle.org.uk/
(Accessed March 2007)

(a) Outline the harmful effects of inbreeding (3)

(b) The DNA from Chillingham cattle that died was analysed at
25 marker sites covering almost half of the autosomal
chromosomes. Identical homozygous genotypes were found
at 24 of the 25 sites. Other breeds of cattle show high
heterozygosity at such sites.
Suggest why the Chillingham herd have remained fertile and
viable. (3)

2. In Japan, the male offspring of Waygu bulls are progeny tested
before the parent bulls are used for breeding.

(a) Outline the principle of progeny testing.

The heritability factors of some traits of the Waygu cattle are
shown in the table.

Trait                    Heritability

Growth rate 0.36

Disease resistance 0.04

Marbling of meat with fat 0.49

Muscle:fat ratio 0.24

(b) Explain which traits the breeders are likely to concentrate on
in their breeding programme (3)
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3. A breeding trial was conducted in Bangladesh to try to identify cross-breeds of cow that could improve productivity but maintain heat
tolerance and disease resistance. Three breeds were used: Friesian, Sahliwal and Pabna. The results are shown in the table.

(a) State, with a reason, which cross appears to be most promising in terms of improving milk yield. (2)
(b) Which trait appears to be most influenced by non-genetic factors? (1)
(c) Comment on the breeders’ decision to cross breed individuals from different countries rather than individuals from different regions

of Bangladesh (2)

Cross

Sahliwal x Friesian
Heritability factor

Sahliwal x Pabna
Heritability factor

Friesan x Pabna
Heritability factor

Birth weight (kg)

26.35
0.5

21.83
0.37

23.40
0.32

Lactation length (days)

260.38
0.18

227.98
0.25

249.84
0.41

Daily milk yield (litres)

10.56
0.65

6.78
0.44

8.28
0.39

Trait

4. Explain how selective breeding differs from evolution (3)

3.(a)Sahliwal x Friesian;
Highest yield/highest heritability factor;

(b)Lactation length;

(c)Reduced chance of inbreeding;
Greater chance of heterosis/heterozygosity;
But may mean some individuals unable to adapt to heat/
climate/disease;

4.artificial selection not natural selection;
Humans are selective agent v. whole environment;
for benefit of man not organism / may be to detriment of organism;
particular character not whole phenotype;
often faster;

2.(a)male mated with different females ;
trait measured in progeny of different matings ;
average calculated ;
gives value of individual’s genotype for selective breeding ;
especially for, sex-limited traits / traits that appear in one sex
only ;

(b)marbling;
scale 0 - 1 ;
measure of genetic v. environmental contribution ;
high value most easily selected for ;
value <0.02 cannot be improved via selective breeding ;
ease of selection = ‘marbling’>growth rate>muscle:fat; ;
disease resistance cannot be selected for;

Answers
1.(a)inbreeding depression ;

loss of viability / fertility / yield / fitness / vigour ;
harmful recessive alleles expressed;
reduced genetic variation / diversity ;
increased homozygosity / decreased heterozygosity ; genetic
erosion / loss of alleles / reduced gene pool ;

(b)harmful alleles removed ;
by (natural) selection/ ref to changing herd leader;;
no artificial selection ;
herd has become natural inbreeders / is tolerant of inbreeding
;
sites sampled  have no effect on viability ;
length of time to maturity means fathers do not mate with
daughters;


