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Inbreeding

® Relationship between individuals.
® Inbreeding by pedigree.

® Effective population size and inbreeding in small
populations.

® Properties and consequences of inbreeding.
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Conceptual messages

Conceptual messages

Mating relatives is inbreeding.

Given pedigree, we can calculate the inbreeding coefficient F in
progeny.

F is the probability that the two alleles at randomly chosen locus
are identical by descent - both being copies of the same allele in
a common ancestor

Inbreeding is inevitable in small populations. We can predict the
rate of increase in F if we know population size and structure

Inbreeding causes increased expression of recessive effects, and
inbreeding depression.

Inbreeding within populations also causes a loss of genetic
variation within these populations.

The effects of inbreeding on fitness and genetic variation within
populations are important considerations when designing]

breeding programs.

Need to balance inbreeding and rate of genetic gains
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Effective population size: Ne

Males can usually a lot more offspring than females

We only need a few males to breed the next generation.

Mating one male to 1.000.000 females each generation still leads to inbreeding! So.
Inbreeding does depend on effective population size rather than actual population size.
4NN,

p{ P
N, +N,

e

Nrand N, are females and females used as parents in each generation.

Males per generation 2 2 2 5 20 1
Females per generation 2 20 200 200 200 999,999
N 4 22 202 205 220 1,000,000
Ne. 4 73 79 19.5 7279 4
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Prediction of rate of inbreeding
EXAMPLE - F after 20 years' breeding on the following structuy

!
l
F =1-|1- Age:| 2 3 4 5 6
! 2N,
e Males: 1 1 Lm=25
Females: | 20 20 20 20 20 |Lf=4
L = (2.5+4)/2 = 3.25 years This is the generation interval.

Nm = 1 x 3.25 = 3.25 males entering the flock per generation.

Nf =20x3.25 = 65 females entering the flock per generation.

AN Nf 845

Ne = N, +Np 6825 L=

F20yrs =F20/3.25 gens =1 - (1 - 1/(2x 12.38)703-23

F20yrs = 0.224 which is probably very high for such a short period.
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Some properties of inbreeding coefficients

® The mbreeding coefficient is relative to some ‘base’ population.

¢ Usetul concept is AF - rate of inbreeding _E-F, 1
(increase) rather than an (absolute) value - F_, B 2N,
at a current time.

® Inbreeding does not directly measure degree of homozygosity.
Although homozygotes are increased with inbreeding, there is
also homozygosity through randomness.

® Inbreeding can be temporary. As soon as different inbred strains
cross, the inbreeding completely disappears.

Alternative strategy: Use only 4 new rams each year:
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Age: 2 3 4 5 6
Males: 4 Lo=2
Females: 20 20 20 20 20 L;=4
Calculation c B
L.-2 :
Le=4
L=3
Na=d4x3=12 FO2 F e Tor i 1
N, =203 =60 years for this example
N.=40
F20yrs = 0.0804 - much less. 0
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Consequencies of mbreeding

Loss of genetic variance within populations

Individuals become increasingly related and therefore more and more
3 . 2
alike’.

=(1-F)V

A( without inbreeding )

Vs

with inbreeding )

Note: Additive genetic variation, I, is variation between individuals in the
component of genetic merit that can be transmitted to the next generation.

Breeding to help maintain genetic diversity.
A problem ...

Faster Fewer More
selection gains parents inbreeding

/

Loss of genetic variance,
inbreeding depression

Slower long-term 4_____/

selection gains
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Inbreeding

Balancing Inbreeding versus increase m merit

Strategy using
just one sire

Maybe the most
optimal strategy

25 3 35 4

== (Genetic diversity
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