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The within breeds view
Objectives

Control inbreeding
 Loss of alleles → genetic variability
 Reduces future selection options
 Increases homozygocity → genetic defects
 Critical factor: rate of inbreeding ΔF
 Magical figure: keep ΔF below 1%/generation
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Factors affecting
Rate of Inbreeding

 Population size
 Sex ratio
 Variance of family size
 Generation interval (ΔF/year)
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Factors affecting
Rate of Inbreeding

 There are simple procedures
 And more complicated ones
 Here: deal with the simple 
 Later the day: the more complicated ones (OC)
 Now: pick the low hanging fruits
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Inbreeding
population size

 Population size ~ 1/ΔF
 Consider 1 male x 1 female

 Offsping: ½ from sire + ½ from dam
 → half of the alleles get lost

 Consider 1 male x 10000 females
 ALL offspring will have half of its genes from that 

one sire

 → Sex ratio matters
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Inbreeding
effective population size

 Sewall Wright: "....the number of breeding 
individuals in an idealized population that would 
show the same amount of dispersion of allele 
frequencies under random genetic drift or the 
same amount of inbreeding as the population 
under consideration"

 A commonly used figure to compare 
populations of different structures
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Inbreeding
effective population size

 Assumptions: 
 all contribute equally to gene pool
 distinct generations
 random mating (incl selfing)
 no selection
 no mutation
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Inbreeding
effective population size

 Ne = (4*Nm*Nf)/(Nm+Nf)
 ΔF = 1/2Ne

Nf Nm Ne
100 50 133.33 0.38
100 40 114.29 0.44
100 30 92.31 0.54
100 25 80 0.63
100 20 66.67 0.75
100 15 52.17 0.96
100 10 36.36 1.38
100 5 19.05 2.63
100 4 15.38 3.25
100 3 11.65 4.29

ΔF
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Inbreeding

 Number of females often a given
 Number of males prime importance!
 What is lost here, cannot be gained through 

trickery!!
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Population management:
defining targets

1. Definition of maximum rate of inbreeding

2. Definition of the target population structure
1. Number of males

2. Number of females

3.Definition of the generation interval
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Population management:
targets achieved?

 Assuming availability of pedigree data
 All information on targets is contained in 

pedigree:
 Animal ID Sire ID Dam ID birth dt sex

73400 70335 358651 1951-01-21 F
398242 16590 7756462 1952-01-21 F
57700 47180 333654 1953-01-21 M

501215 147114 733141 1954-01-21 F
413520 772451 7756418 1955-01-21 M

8271925 501222 8539836 1956-01-21 M
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poprep.tzv.fal.de

 WEBsite
 Accessible by standard browsers
 → upload pedigree
 ← Receive results through email
 Use for population management
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poprep.tzv.fal.de
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poprep.tzv.fal.de
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poprep.tzv.fal.de
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poprep.tzv.fal.de
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Populations Structure
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Populations Structure
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Populations Structure
number of breeding animals
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Population Structure
number of breeding animals

Did we use the number of 
females and males that we wanted to?
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Population Structure
age structure

Does the age structure corresond to
the target  generation interval?
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Population Structure
Generation interval

Average age of parents at birth of their selected 
offspring (Falconer)

1.All animals born in a given year are considered

2.Animals in 1. that became parents in the later 
years were identified

3.The parents of animals in 2. were identified

4.The generation interval was calculated as the 
average age of animals identified in 3. at the 
birth date of their offspring
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Population Structure
Generation interval

Has the target generation interval been reached? 
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Population Structure
Variance of family size

Are the offspring groups as even as intended? 
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Population Structure
Sires with most offspring

Are the offspring groups as even as intended? 



Institute of Farm Animal Genetics (FLI) Genebanking and Cryopreservation, Lelystad 2010 26

poprep.tzv.fal.de
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Inbreeding Report
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Inbreeding Report
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Inbreeding Report
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Pedigree Completeness
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Pedigree Completeness

5
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Pedigree Completeness

Is this what you think you have?
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Level of Inbreeding

Has close inbreeding been avoided?
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Level of Inbreeding

Has close inbreeding been avoided?



Institute of Farm Animal Genetics (FLI) Genebanking and Cryopreservation, Lelystad 2010 35

Effective Population Size
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Effective Population Size
Method 1

Census based
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Effective Population Size
Method 2 - 6

All other methods are based on the rate of 
inbreeding
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Effective Population Size
Method 2-6

 Method 2: based on actual parents of the 
current birth year (inbreeding F)

 Method 3: based on all animals of the year GI 
prior to the current (inbreeding F)

 Method 4: based on all animals of the year GI 
prior to the current (inbreeding f)

 Method 5:
 Method 6:  
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Effective Population Sizes
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poprep.tzv.fal.de
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Data for post processing
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Post processing

 CSV file for each table and graph
 → do your own post processing
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Summary

 Managing breeds for conservation (and 
production!) 
 set your targets
 Use POPREP structure report to pick the low 

hanging fruits – and listen to following talks
 Use POPREP inbreeding report for in depth 

inbreeding related analyses
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Thank you for your attention
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