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Background

Important management considerations in gene banking of animal genetic resources

• How many and which specific breeders must be stored to represent the field 
population?
• Core set
• Proportion of segregating haplotypes

• How many insemination doses per sire should be stored?

• How is an insemination dose defined?
• Number of motile sperms, defects etc. 
• AI technique used



Background

How many insemination doses per sire should be stored?

Dependent on the purpose:

1. Keeping a core collection in case of breed extinction
- back-crossing on the basis of an alien breed
- Storing gametes from both sexes

2. Supporting active breeding schemes from the cryo-conservation
1. Increase diversity
2. Reintroduce lost alleles
3. …
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-Specific animals/ lines are wanted
-should be achieved in short term



Background

How many insemination doses per sire should be stored?

Aim:

A „simple“ formula to estimate how many doses are required to pass the whole 
genome of a gene-bank animal on to the next generation



Reintroduction

chr1

chr2

chr3

chrN

copy 1 copy 2

Reintroduction of a sire: Dependent on:

Number of offspring
- Inseminations
- Insemination success
- Litter size
- Survival till breeding age
- etc...

Number of chromosomes

Inbreeding



Theoretical probability

Only copy 1 Only copy 2



Theoretical probability

Probabilty to find all 
chromosome copies in 

offspring
Inbreeding coefficient

Number of 
chromosomes

Theoretical probability to transfer all chromosome copies



Simulation

Insemination success

Inseminations

litter size

Species and individual inbreeding coefficient

# litters
(binomial 0/1)

Litter size
(binomial, (µ, σ))

50 repeats

Simulation with MoBPS (Pook et al., 2020)



Simulation results

Share of simulated rounds 
in which at least P of the 
sire genome was found in 

offspring

The theoretical probabilty all 
segments of the paternal 

genome are passed on to the 
offspring

In Boxplots:
Proportion of the sire genome 
found in simulated offspring



Simulation results



Simulation results



Simulation with inbreeding

Expectation Simulation Simulation - Expectation



Application in active gene banking

Biological parameters used at the German Gene Bank

Factor Pig Sheep Cattle Horse

B(insemination 
success)

30% 30% 80% 60%

W(litter size) 6-12 1.4 1 1

Chromosomes 18 26 29 31

F(inbreeding) ? ? ? ?



Application in active gene banking

Cattle

Horse



Conclusion

The developed formula is easily applicable under field conditions

The formula is supported by stochastic simulations addressing variation in insemination success, 
litter size and recombination

It predicts that reintroduction success is highly dependent on species characteristics, inbreeding, 
reproductive performance parameters and the number of inseminations.

 



Thank you for your attention!
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