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Figure 2. Evidence for association between resting metabolic rate (RMR) and selection for growth or reproductive
output when feed intake is not restricted (a), and effects of a genetically reduced RMR on health or reproduction
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Trade-off systems in breeding: some history
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1979).



Difference PP - NN

Nutber of
studias Mean | Minimm Maximum
Growth traits (approx. 25-90 kg)
Growth rate (gm/day) 12 -2 ~-47 28
Daily food consurption (kg) 9 ~0.07 -0.46 0.06
Food conversion ratio (food/liveweight gain) 11 -0.06 -0.30 0.02
Lean (% by weight) 8 2.6 0.9 4.6 I
i.g.rrt.; 7 0.7 e 3 -0
Average backfat (mm) 14 -1.0 ~-4.0 1.0
Killing out$% 6 1.0 0.2 2.6
Eye muscle area (ar?) 7 1.1 -2.7 3.4
Carcase length (mm) 9 -1 -29 1
Postweaning mortality (and transport losses)$ 3 9.8 4.7
PSE (% of carcases) 4 46 22
ki | 15 0
Meat quality (% worse than HN)+t 7 3l 16
PH 45 min post mortem _ 11 -0.31 -0.66
CK activity (log units/litre) 6 0.50 0.06

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




Morfologische onderzoekingen bij slachtvarkens latenm zien dat er tegenwoordig
nauwelijks nog dieren zijn waarbij er geen osteochondropatische veranderingen

aantoonbaar zijn (Dammrich, 1970, 1972; Hermann, 1972; Gréndalen, 1974)

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

wel aangenomen dat er een sterke samenhang is met het feit dat men de laat-
ste 10 @ 15 jaar vooral varkens heeft willen fokken van een duidelijk vlees-
type. Ook wordt door sommigen gesteld dat de beengebreken zich meer klinisch
openbaren, omdat de huisvestingsomstandigheden veel harder geworden zijn.
(Bollwahn, 1966; Bollwahn e.a., 1970; Christensen, 1953; Dammrich, 1970,
1972; Flock, 1969; Gréndalen, 1974, Hermann, 1969, 1972; Kurzweg e.a., 1972;
Sabec, 1961, 1974 en Schilling, 1963). Door de te snelle gewichtstoename zou
de skeletrijping hier geen gelijke tred mee kunnen houden en ontstaat er een
wanverhouding tussen lichaamsgewicht en de structuur d.w.z. de geschiktheid
voor mechanische belasting van het skelet. Men ziet daarom de osteochondro-
patische veranderingen in het skelet juist vooral op die plaatsen optreden
waar de functioneel-mechanische belasting het grootst is {(lumbale wervels, me-

diale condyl van de femur, epiphysairschijven distale ulna etc.)

* 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

e Most where this load is most severe:

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

Studiecommissie "Beengebreken" (1976) https://edepot.wur.nl/380318
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* Followed by 20 years of phenotypic selection
* Visual appraisal of the leg conditions

* Exterior. Effectively scored as good or bad

e Zero AG

Studiecommissie "Beengebreken" (1976) https://edepot.wur.nl/380318
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Livestock Production Science
Volume 19, Issues 3—4, July 1988, Pages 473-485
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Trade-off systems in breeding: some history

e 1970s: lean content <> PSS & PSE
* 1980s: growth rate <> leg soundness
e 2000s: milk yield <> fertility

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

30,000

25,0001

20,000

15,0001

Pregnancy rate (%)

Milk yield (Ib / year) ,*

~ i |

1960

1970

1980

1990

2000

2010 2020

-39

-30

29

-20



Trade-off systems in breeding: some history

Conclusions
1970s: lean content <> PSS & PSE

1980s: growth rate <> leg soundness 1 Increased prOdUCtion Ievels

2000s: milk yield <> fertility * good for increasing A€
e good for reducing the carbon footprint

...have often led to trade-offs
e 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

Session 77
Trade-offs between health, production and welfare in pigs and poultry
Which tools do we have, and which research is needed?
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Digital phenotyping
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* Phenomics: "the acquisition of high-dimensional
phenotypic data on an organism-wide scale" (Houle et a, 2010)

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

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

e behaviour

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

Frome: 7205 996
P E-ZRERRT 07.54.02 AW




Automatlc recognition of lactating Sow behaviors through depth image

digital image raw depth image

Maternal behaviour, farrowing, savaging, crushing

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

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

* behaviour
Behavioral phenotyping o

Animals
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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

e Two novelties:
* New traits that could not be recorded before

* behaviour
Automated Behaviour Monitoring

Train ethologists J Create intuitive ABM

More More Well Made

Public

Computer : User Natural
: Data science :
science interfaces language
learning

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

animal data variation Annotated

.

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



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

e C(Classical traits can be expanded:
* more objective - more accurate

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



Foot and Leg Scoring: Walk View 2022-04-19 10:49:31.38

Neural Network vs visual: =
heritability goes up
Xx2.3tox5

h2(NN)
h?(visual)

line  front rear

A 26 3.4
2.3 2.7 |
5.0 2.7 — |
3.0 2.8 |
2.9 2.0

¥20.7
o

PI1C




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

* C(lassical traits can be expanded:
* more objective — more accurate
* Jongitudinal
* non-invasive
* many animals
* commercial conditions

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






. 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
* Dbetter biological understanding: discover how /

Production traits

* selection barriers can be overcome

Environmental
perturbations

Fontanesi (2016) doi.org/10.2527/af.2016-0011
Perez-Enciso & Steibel (2022) doi.org/10.1186/s12711-021-
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Metabolite levels & Indirect Genetic Effects
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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

* Novel options to explore
* Dbetter 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

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



Mechanistic biological models
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 example: wheat yield per hectare in France, 28 genotypes, 16 locations

e raw data = BLUP — mechanistic model

* better capture of non-linear effects

* more uniform (and much more accurate) slopes — less evidence for GxE

* alinear model of a non-linear system produces phantom interaction effects
* non-linear model is much more appropriate

De los Campos, Pérez-Rodriguez, Bogard (2020) doi.org/10.1038/s41467-020-18480-y
Perez-Enciso & Steibel (2022) doi.org/10.1186/s12711-021-







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

Key factor: animal identification
* Necessary, for breeding
e Difficult

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

Key factor: animal identification
necessary

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-
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Classic modeling

Multi-trait model with

individual behavior
and production trait
X

W= f(M)
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Camerlink et al. (2015) doi.org/10.1007/s10519-014-
Pefdz%¥nciso & Steibel (2022) doi.org/10.1186/512711-021-00618-1
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Behavioral phenotyping Novel models

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

Recovery

Health

Pathogen Load

BILUBIIA Ajoam
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0 7 14 21 28 35 42

days post infection
Torres, Oliveira, Tate, Rath, Cumnock & Schneider (2016) doi.org/10.1371/journal.pbio.1002436 Knap & Doeschl-Wilson (2020) doi.org/10.1186/s12711-020-00580-4



e Stages of infection associated with the strongest loss

of health & performance %

B =-0.065 + 0.15 ~~bes
Recovery

* insight into underlying resilience mechanisms and
target genes

Health

weekly growth rate (kg/week)

* design effective, timely & targeted treatment

Pathogen Load * “These patterns cannot be described by |
mathematical functions” SERERIRIR IR

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

+1 wk

Test-day milk (kg/d)
b
oo

25
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Test-day SCC (=x10° cells/mL)

Detilleux (2018) doi.org/10.3168/jds.2017-13976
Torres, Oliveira, Tate, Rath, Cumnock & Schneider (2016) doi.org/10.1371/journal.pbio.1002436 Knap & Doeschl-Wilson (2020) doi.org/10.1186/s12711-020-00580-4
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gb y Conclusions
{ N 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

to simultaneously select for antagonistic traits
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