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Douhard et al. (2021) https://doi.org/10.3920/978-90-8686-940-4_54

https://doi.org/10.3920/978-90-8686-940-4_54


Trade-off systems in breeding: some history
• 1970s: lean content  Porcine Stress Syndrome & 

Pale Soft Exudative meat

halothane negative (NN) 
or carrier (NP) halothane positive (PP)



Difference PP – NN 

Webb, Carden, Smith & Imlah (1982) http://www.wcgalp.org/proceedings/1982/porcine-stress-syndrome-pig-breeding  

https://tinyurl.com
/yckk3344

http://www.wcgalp.org/proceedings/1982/porcine-stress-syndrome-pig-breeding


Interesting. And what do we do with it?

www.linkedin.com/pulse/technology-sounds-great-what-do-we-dan-grove



Vögeli, Schwörer, Kühne & Wysshaar (1985) Animal Blood Groups and Biochemical Genetics 16:285-296.
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Trade-off systems in breeding: some history
• 1970s: lean content  PSS & PSE
• 1980s: growth rate  leg soundness 



healthy femoral condyle osteochondrosis



Studiecommissie "Beengebreken" (1976) https://edepot.wur.nl/380318 

Morphological investigations reveal that 
currently (= 1976 ! ) there are hardly any 
pigs that do not show any 
osteochondropathic changes.

• An assumed strong connection to selection for a "meaty" type of the past 15 years
• At the same time, housing conditions became more intensive
• Skeletal maturation cannot keep up with fast body growth rate
• Imbalance: body weight  mechanical load on the bones
• Most where this load is most severe: 

femoral condyles, ulnar epiphyses (i.e. the joints) 

https://edepot.wur.nl/380318


Morphological investigations reveal that 
currently there are hardly any pigs that do 
not show any osteochondropathic changes.

• Followed by 20 years of phenotypic selection
• Visual appraisal of the leg conditions
• Exterior. Effectively scored as good or bad
• Zero G

Studiecommissie "Beengebreken" (1976) https://edepot.wur.nl/380318 

https://edepot.wur.nl/380318


 Phenotyping:
not a narrative, but angles: numbers
Can be BLUPped – that works miracles

Moeller & Stalder (2006) https://porkgateway.org/wp-content/uploads/2015/07/genetic-aspects-of-female-longevity.pdf 

https://porkgateway.org/wp-content/uploads/2015/07/genetic-aspects-of-female-longevity.pdf


Interesting. And what do we do with it?

www.linkedin.com/pulse/technology-sounds-great-what-do-we-dan-grove



Knap (2012) Pig breeding for increased sustainability. In: Encyclopedia of sustainability science and technology (ed. R.A. Meyers), Springer, New York, USA. Volume 11, pp. 7972-8012.



Quiroz-Bucheli et al (2020) doi.org/10.17151/bccm.2020.24.1.5
Siegel, Barger, Siewerdt (2019) doi.org/10.3382/japr/pfz052

rotated tibia

tibial dyschondroplasia

footpad dermatitis

extension.umn.edu/sites/extension.umn.edu/files/turkey-footpad-dermatitis-scores.png
Kapell (2013) lohmann-breeders.com/lohmanninfo/selection-for-improved-leg-health-in-purebred-broiler-lines 



Pregnancy rate (%)

Milk yield (lb / year)

Trade-off systems in breeding: some history
• 1970s: lean content  PSS & PSE
• 1980s: growth rate  leg soundness
• 2000s: milk yield  fertility 

www.agproud.com/articles/print/57370-genetic-tools-have-reversed-cow-fertility-decline



Conclusions
1. Increased production levels 

• good for increasing €
• good for reducing the carbon footprint 

...have often led to trade-offs 
• bad for animal welfare

...due to genetic antagonisms
2. Genetic antagonisms can be neutralized: 

• select for both traits at the same time
• requires phenotyping & statistics & focus

Trade-off systems in breeding: some history

• 1970s: lean content  PSS & PSE

• 1980s: growth rate  leg soundness

• 2000s: milk yield  fertility 
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Trends
Simple  Complex 
Static  Dynamic

Selection candidate  Group process 



L P



Digital phenotyping

www.zdnet.com/article/fitbit-sense-2-review/

media.licdn.com/dms/image/sync/D5610AQFTbpOkp5rfMw/image-shrink_800/0/1689757209507





• Phenomics: "the acquisition of high-dimensional 
phenotypic data on an organism-wide scale" (Houle et al, 2010)

• Big data challenges  heterogeneity & rapid change 
over time of the data, not because of their size

• Two novelties:
• New traits that could not be recorded before

• behaviour

Perez‑Enciso & Steibel (2022) doi.org/10.1186/s12711-021-
00618-1



Lao et al. (2016) doi.org/10.1016/j.compag.2016.04.026. 

Automatic recognition of lactating sow behaviors through depth image 
processing

digital image  raw depth image  

Maternal behaviour, farrowing, savaging, crushing

https://doi.org/10.1016/j.compag.2016.04.026


Interesting. And what do we do with it?

www.linkedin.com/pulse/technology-sounds-great-what-do-we-dan-grove



• Phenomics: the acquisition of high-dimensional phenotypic data on an organism-wide scale (Houle et al, 2010)

• Big data challenges  heterogeneity & rapid change over time of the data, not because of their size

• Two novelties:
• New traits that could not be recorded before

• behaviour

Perez‑Enciso & Steibel (2022) doi.org/10.1186/s12711-021-
00618-1

Foister, Doeschl-Wilson, Roehe, Arnott, Boyle, Turner (2018) doi.org/10.1371/journal.pone.0205122

A pig fighting network with high 
Combined Degree Centralisation

 a pig engaging in more aggression
than its penmates 

Thicker edges: more frequent interactions



• Phenomics: the acquisition of high-dimensional phenotypic data on an organism-wide scale (Houle et al, 2010)

• Big data challenges  heterogeneity & rapid change over time of the data, not because of their size

• Two novelties:
• New traits that could not be recorded before

• behaviour

Perez‑Enciso & Steibel (2022) doi.org/10.1186/s12711-021-
00618-1

Automated Behaviour Monitoring

Siegford et al. (2023) doi.org/10.1016/j.applanim.2023.106000



• Phenomics: the acquisition of high-dimensional phenotypic data on an organism-wide scale (Houle et al, 2010)

• Big data challenges  heterogeneity & rapid change over time of the data, not because of their size

• Two novelties:
• New traits that could not be recorded before

• behaviour
• methane emission  spectroscopy

• Classical traits can be expanded: 
• more objective  more accurate 

Perez‑Enciso & Steibel (2022) doi.org/10.1186/s12711-021-
00618-1



Neural Network vs visual:
heritability goes up

x 2.3 to x 5

line front rear
A 2.6 3.4
B 2.3 2.7
C 5.0 2.7
D 3.0 2.8
E 2.9 2.0



• Classical traits can be expanded: 
• more objective  more accurate

Perez‑Enciso & Steibel (2022) doi.org/10.1186/s12711-021-
00618-1

• Phenomics: the acquisition of high-dimensional phenotypic data on an organism-wide scale (Houle et al, 2010)

• Big data challenges  heterogeneity & rapid change over time of the data, not because of their size

• Two novelties:

• New traits that could not be recorded before

• behaviour

• methane emission  spectroscopy

• longitudinal
• non-invasive
• many animals
• commercial conditions
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• Phenomics: the acquisition of high-dimensional phenotypic data on an organism-wide scale (Houle et al, 2010)

• Big data challenges  heterogeneity & rapid change over time of the data, not because of their size

• Two novelties: new traits, expanded classical traits

Perez‑Enciso & Steibel (2022) doi.org/10.1186/s12711-021-
00618-1

• Novel options to explore
• better biological understanding: discover how 

• selection barriers can be overcome

Fontanesi (2016) doi.org/10.2527/af.2016-0011

https://doi.org/10.2527/af.2016-0011


Verschuren (2021) Doctoral dissertation, Wageningen University and Research 

Phenotypic variance explained



Metabolite levels & Indirect Genetic Effects

Dervishi et al. (2021) doi.org/10.1038/s41598-021-02814-x 

Pigs with negative or positive indirect genetic effects on growth of their penmates 
Valine, leucine, isoleucine levels

https://doi.org/10.1038/s41598-021-02814-x


Metabolite levels & nitrogen efficiency

Van der Peet-Schwering et al. (2021) doi.org/10.1093/jas/skab101

Metabolite ion intensities that discriminate between low and high EBV for nitrogen retention:
First and second Principal Components

plasma + urine + urine –

https://doi.org/10.1093/jas/skab101


• Phenomics: the acquisition of high-dimensional phenotypic data on an organism-wide scale (Houle et al, 2010)

• Big data challenges  heterogeneity & rapid change over time of the data, not because of their size

• Two novelties: new traits, expanded classical traits

Perez‑Enciso & Steibel (2022) doi.org/10.1186/s12711-021-
00618-1

Knap & Su (2008) doi:10.1017/S1751731108003145

• Novel options to explore
• better biological understanding: discover how 

• selection barriers can be overcome
• to optimize economic weights dynamically

• redesign breeding schemes
• explicitly allow for high-dimension phenomics ( reaction norms)
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• Phenomics: the acquisition of high-dimensional phenotypic data on an organism-wide scale (Houle et al, 2010)

• Big data challenges  heterogeneity & rapid change over time of the data, not because of their size

• Two novelties: new traits, expanded classical traits

Perez‑Enciso & Steibel (2022) doi.org/10.1186/s12711-021-
00618-1

• Novel options to explore
• better biological understanding: discover how 

• selection barriers can be overcome
• to optimize economic weights dynamically

• redesign breeding schemes
• explicitly allow for high-dimension phenomics ( reaction norms)

• use phenomics data to integrate mechanistic biological models into genetic evaluation



Mechanistic biological models

Yu et al. (2021) Journal of Animal Science 99.Supplement_3:18-19.



Interesting. And what do we do with it?

www.linkedin.com/pulse/technology-sounds-great-what-do-we-dan-grove



• Phenomics: the acquisition of high-dimensional phenotypic data on an organism-wide scale (Houle et al, 2010)

• Big data challenges  heterogeneity & rapid change over time of the data, not because of their size

• Two novelties: new traits, expanded classical traits

• example: wheat yield per hectare in France, 28 genotypes, 16 locations  

Perez‑Enciso & Steibel (2022) doi.org/10.1186/s12711-021-
00618-1

De los Campos, Pérez-Rodríguez, Bogard (2020) doi.org/10.1038/s41467-020-18480-y

• Novel options to explore
• better biological understanding: discover how some selection barriers can be overcome,

or how to optimize economic weights dynamically

• redesign breeding schemes: explicitly allow for high-dimension phenomics ( reaction norms)

• use phenomics data to integrate mechanistic biological models into genetic evaluation

• raw data  BLUP  mechanistic model

• better capture of non-linear effects
• more uniform (and much more accurate) slopes  less evidence for GxE
• a linear model of a non-linear system produces phantom interaction effects
• non-linear model is much more appropriate



L P



Perez‑Enciso & Steibel (2022) doi.org/10.1186/s12711-021-
00618-1

• 2 mio permutations for ID
• QR code
• error trapping codes
• the trick is to make the 

robot read them correctly

• Phenomics: the acquisition of high-dimensional phenotypic data on an organism-wide scale (Houle et al, 2010)

• Big data challenges  heterogeneity & rapid change over time of the data, not because of their size

• Two novelties: new traits, expanded classical traits

• Novel options to explore

LitterMax eartags

Key factor: animal identification
• Necessary, for breeding
• Difficult







• Key factor: internet access
• challenging in rural areas

• Key factor: heterogeneity of the data
• non-random missing data
• imputation: Variational Auto-Encoders, Generational Adversarial Networks

• There is an enormous range of analytical tools to be developed

Perez‑Enciso & Steibel (2022) doi.org/10.1186/s12711-021-
00618-1

• Phenomics: the acquisition of high-dimensional phenotypic data on an organism-wide scale (Houle et al, 2010)

• Big data challenges  heterogeneity & rapid change over time of the data, not because of their size

• Two novelties: new traits, expanded classical traits

• Key factor: animal identification

• necessary

• difficult



Statistical methods

serokell.io/blog/ai-ml-dl-differencecloud2data.com/how-to-make-artificial-intelligence



Camerlink et al. (2015) doi.org/10.1007/s10519-014-
9671-9  Perez‑Enciso & Steibel (2022) doi.org/10.1186/s12711-021-00618-1

barren pens

enriched pens

tailbiting: 
animal’s Genetic effect on growth rate of penmates

positive G

positive G

negative G

negative G

age (weeks)

https://doi.org/10.1007/s10519-014-9671-9
https://doi.org/10.1007/s10519-014-9671-9


Perez‑Enciso & Steibel (2022) doi.org/10.1186/s12711-021-00618-1



Torres, Oliveira, Tate, Rath, Cumnock & Schneider (2016)  doi.org/10.1371/journal.pbio.1002436 

Example: two pigs infected with PRRS virus and followed for 6 weeks

Knap & Doeschl‑Wilson (2020) doi.org/10.1186/s12711-020-00580-4



Torres, Oliveira, Tate, Rath, Cumnock & Schneider (2016)  doi.org/10.1371/journal.pbio.1002436 

• Stages of infection associated with the strongest loss 
of health & performance
• insight into underlying resilience mechanisms and 

target genes
• design effective, timely & targeted treatment

• “These patterns cannot be described by 
mathematical functions”

• Requires novel indicators to
• capture the trajectory characteristics
• support routine genetic evaluation 

Knap & Doeschl‑Wilson (2020) doi.org/10.1186/s12711-020-00580-4
Detilleux (2018) doi.org/10.3168/jds.2017-13976 



Interesting. And what do we do with it?

www.linkedin.com/pulse/technology-sounds-great-what-do-we-dan-grove



corr = +0.98

Rath, Allen & Schneider (2018)  doi.org/10.1371/journal.pone.0200147

Polar coordinates:
r , 

Cartesian 
coordinates:

x , y



•  a simple linear prediction equation
• crossvalidation:
• predicted effect in samples that were 

not in the training dataset

94 % prediction accuracyr = +0.98

Rath, Allen & Schneider (2018)  doi.org/10.1371/journal.pone.0200147

The effect is on the 
timing of an event 
(the colours of above)



L
P



Conclusions
1. Increased production levels have often led to 

trade-offs due to genetic antagonisms
2. Genetic antagonisms can be neutralized: select 

for both traits at the same time
3. Rapid increase in availability of tools

Understand the existing phenotype
Create new phenotypes

to simultaneously select for antagonistic traits



We have a dream…
+5 years

Reactive

Proactive
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