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Use of DNA in formation 
in animal breeding

-
History, Breed4Food, Future
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Outline

■History
■10 years Breed4Food
■Future



History



■Improve genetic merit of a population of animals

■By selecting the best animals as parents for the next generation

■Every generation again

=> Genetic improvement: ΔG

Animal Breeding



Holy grail of animal breeding:

Select best animals as accurate & as fast as possible

Genetic improvement = ΔG =

Accuracy x Intensity x Genetic standard deviation
────────────────────────────

Generation interval



■Can we accurately predict breeding values early in life?

■High accuracy requires a lot of information

■At young age very little information is available

Holy grail or Paradox?



Genomic prediction



■Availability of affordable 50k SNP chips

Models & 50k SNP chips



First adopters worldwide in 2005-2006



Breed4Food



Broilers

Cattle

Layers, turkeys, pigs & aquaculture

Pigs

■PPP (Public Private Partnership) contributing with 
research and development to sustainable production 
of:

Breed4Food



■Genomic prediction
■General use of DNA information in animal breeding
■New breeding goals
■New phenotypes

Breed4Food research agenda over the years



Strong focus on model & software development:

■Single step GBLUP & Single step SNPBLUP
• Using information of non-genotyped animals
• Genetic groups, metafounders

■Impact of genomic preselection

Genomic prediction



■Timely delivery breeding values is priority nr. 1!

■Reducing computing time using smart algorithms
• Use solutions generated elsewhere
• Develop new solutions when needed
• Optimize solver performance

Large scale genomic evaluations

Time per iteration
×

=
Number of iterations

Total computing time



Genomic prediction - Crossbreeding
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50k SNPs Millions of SNPs (WGS)

Uses of DNA information in animal breeding

Imputation

Resolution 100 - 50,000x bigger
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50k SNPs Millions of SNPs (WGS)
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Uses of DNA information in animal breeding



Feed efficiency    Fitness & survival 

Growth & meat quality

Breeding goals are ever expanding
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Feed efficiency    Fitness & survival 

Welfare traits

Growth & meat quality

Breeding goals are ever expanding

With genomic prediction 
more selection pressure
is created which enables 
making progress for many 
different traits



Future



In practice ...

... and research

Genomic prediction remains key 



Genomic prediction enables to:
■Respond quicker to changing societal & consumer 

demands

■Select for traits we cannot measure on all animals
• N & P efficiency, methane emission, etc.

■Select for traits affecting animal welfare
• E.g. social interactions in groups

To serve animal husbandry & society



Summary

Use of DNA @ Breed4Food:
■Contributing with R&D to sustainable 

production of the main livestock species
■Current focus on accelerating and feeding the 

core engine of genomic prediction
■Investing in interaction with society



Breed4Food Theme: 
Utilizing DNA Information

-
Highlights & Interaction



Highlight 1

Highlight genetic evaluation software
-

Henk Geertsema, CRV & Rob Bergsma, TopigsNorsvin
Jan ten Napel & Jeremie van den Plas, WUR



• 2017:Genomic evaluation is possible, but it is not future-proof
• Genomic evaluation takes a lot of time
• Number of genotyped animals is rapidly increasing

Highlight genetic evaluation software (B4F II)
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Benchmark of genomic methods by year

Fastest method 2021 is 22x faster than fastest method 2018



• B4F II has been instrumental in bringing together the B4F partners
• High level of trust: willingness to share details
• High level of confidence: involvement in developing strategy
• High level of cooperation:

• Industry partners test new features (effective, efficient, user-friendly, intuitive)
• WLR discuss design of new features and support implementation

• High level of understanding each other’s business
• Involving others for the best possible solutions (LUKE, TU Delft, VORTECH, ICBF)

Deliverables on process



• Focus
• Fine-tune efficiency of software
• Suitable approximation of genomic reliabilities
• Retaining rare alleles & outcross haplotypes
• Optimizing multi-breed & multi-trait genomic evaluations
• Structuring cross-validation approaches

B4F III – WP1 Software development



Highlight 2

Importance of verification and identification of 
parentage using calc_grm

-
Marco Bink, HG

Mario Calus, WUR



Highlight 3

Is the only thing we can do with DNA information 
genomic prediction?

-
Barbara Harlizius, TopigsNorsvin

Britt de Klerk, Cobb
Aniek Bouwman & Claudia Kamphuis, WUR



Detection of chromosomal aberrations

37



Read in Intensity data

Create plots & Classify them with deep learning

Create output

Automated human process to assess chromosomal 
abnormalities in diploid species
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 1 

Disomic Monosomic Trisomic



Detection of balanced chromosomal translocations
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Whole genome sequence data (> 20x)



Is there more that we can do with DNA than 
genomic prediction alone?

40



Thanks for joining us!




